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EXECUTIVE SUMMARY
This executive summary provides an overview of the Feasibility Study (FS) Report for the
Landfill Operable Unit (OU) of the Tonawanda Landfill Vicinity Property to the Linde Formerly
Utilized Sites Remedial Action Program (FUSRAP) Site, in Tonawanda, New York. The FS was
prepared by the U.S. Army Corps of Engineers (USACE) to serve as a principal source of
information for decision making at the Tonawanda Landfill Vicinity Property in accordance with
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of
1980, as amended, and the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP), 40 Code of Federal Regulations (CFR) Part 300. The FS presents the identification,
development, and detailed analysis of remedial alternatives designed to address FUSRAP-related
constituents of concern (COCs) in the Landfill OU of the Tonawanda Landfill Vicinity Property.
Site documentation may be found in the administrative record file for the Tonawanda Landfill
Vicinity Property at the USACE Public Information Center, 1776 Niagara Street, Buffalo, NY
14207 and on the Tonawanda Landfill Vicinity Property public website at
http://www.lrb.usace.army.mil/Missions/HTRW/FUSRAP/TonawandaLandfill.aspx, in the
administrative record file section.
Vicinity Property Description
The Tonawanda Landfill Vicinity Property is located in the Town of Tonawanda, New York,
approximately 16 kilometers (km) (10 miles [mi]) north of downtown Buffalo and 2.4 km (1.5
mi) north of the Linde FUSRAP Site. The vicinity property is comprised of two OUs: the
Landfill OU and the Mudflats OU. This FS focuses on development and analysis of remedial
action alternatives for the Landfill OU.
The Landfill OU is comprised of approximately 22 hectares (55 acres) located at the northern
end of East Park Drive, and is bordered by residential developments to the north and northwest, a
railroad line to the east, and a parcel containing National Grid transmission lines to the south.
The Landfill OU is owned by the Town of Tonawanda and is zoned commercial/industrial. The
residential development to the north and northwest of the Landfill OU lies within the City of
Tonawanda.
The municipal landfill was operated by the Town of Tonawanda from the mid-1930s through
October 1989. Materials disposed in the landfill included ash generated by nearby municipal
waste incinerators, construction/demolition debris, and yard refuse (leaves, branches, etc.)
collected from town residents. The landfill occasionally accepted municipal solid waste and
wastewater sludge from the Town of Tonawanda’s wastewater treatment plant.
Previous Investigations
In 1974, the Atomic Energy Commission (AEC) established FUSRAP to identify, investigate,
and if necessary, clean up or control sites that were contaminated as a result of activities
conducted in support of the Nation’s early atomic energy and weapons program. These activities
were performed by predecessors to the United States Department of Energy (DOE), the
Manhattan Engineer District (MED) from 1942 through 1946 and/or the AEC from 1947 through
1975. In 1977, administration and execution of FUSRAP was assumed by the DOE.
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As part of the investigation of the nearby Linde Site and the potential for FUSRAP
contamination in surrounding areas, DOE conducted a radiological survey of the landfill area in
1991. As a result of this survey, in 1992 the DOE designated a portion of the Town of
Tonawanda Landfill as a vicinity property to the Linde FUSRAP Site. The DOE conducted
additional soil sampling activities at the landfill and nearby mudflats in 1994 to determine the
extent of the radiological contamination at the site.
The Energy and Water Development Appropriations Act for Fiscal Year 1998 Public Law 10562, signed into law on October 13, 1997, transferred responsibility to administer and execute
FUSRAP from DOE to the USACE. Following more extensive investigation of the landfill area,
a remedial investigation (RI), including a baseline risk assessment (BRA), was conducted by
USACE, which concluded that risks to human health from the FUSRAP-related material on site
were within the acceptable limits established in the NCP (USACE 2005). Therefore a no-action
alternative for the Landfill OU was recommended to the public in the Proposed Plan for the
Tonawanda Landfill Vicinity Property Site that was released March 26, 2007 (USACE 2007b).
Comments by the community and stakeholders on the proposed plan expressed concerns that the
public could be exposed to potentially impacted environmental media (soil, sediment, surface
water and groundwater) in the Landfill OU to a greater extent than that evaluated in the original
BRA conducted as part of the RI (USACE 2005). To address community and stakeholder
concerns, USACE performed further field investigations at the site and re-evaluated the sitespecific assumptions that supported the USACE recommendation. The results of this
investigation and re-evaluation were used in preparing the Updated Baseline Risk Assessment for
the Landfill Operable Unit of the Tonawanda Landfill Vicinity Property (USACE 2012a).
Media and Constituents of Concern
FUSRAP-related COCs identified in the Landfill OU as part of the updated BRA are radium-226
(Ra-226), thorium-230 (Th-230), and total uranium (total U). The updated BRA concluded that
under the trespasser current-use scenario the human health risk from FUSRAP-related
contamination buried within the Landfill OU falls within the NCP limit. However, if no action is
taken to address the FUSRAP-related material, then for the reasonable future-use scenario of a
recreational user the human health risk will exceed the NCP limit, as deeper buried
contamination could potentially become exposed through natural erosion. In addition, while
potential applicable or relevant and appropriate requirements (ARARs) were not evaluated in the
updated BRA, the Landfill OU does contain radium soil concentrations that exceed the surface
and subsurface limits in 10 CFR 40, Appendix A. Though Ra-226 and Th-230 are the risk and
dose drivers, all of the FUSRAP-related radionuclide COCs are collocated in site soils (USACE
2012a).
Remedial Action Objectives
Remedial action objectives (RAOs) are established to protect human health and the environment
and provide the basis for selecting appropriate technologies and developing remedial
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alternatives. The RAO for the Tonawanda Landfill Vicinity Property is to prevent human
exposure to FUSRAP-related COCs in soil above ARAR-based preliminary remediation goals.
Applicable or Relevant and Appropriate Requirements
The identification of ARARs is an integral part of the FS process. Appendix B contains the
detailed evaluation of all potential ARARs. As a result of this evaluation USACE identified the
following federal regulations as ARARs for the Landfill OU of the Tonawanda Landfill Vicinity
Property:


10 CFR 40, Appendix A: Relating to the Operation of Uranium Mills and the Disposition
of Tailings or Wastes Produced by the Extraction or Concentration of Source Material
From Ores Processed Primarily for Their Source Material Content
• Criterion 4, Site and Design Criteria
• Criterion 6(1), 6(5), 6(6), and 6(7), Closure of Waste Disposal Areas
• Criterion 12, Long-term Site Surveillance

Remedial Action Alternatives
USACE identified four remedial action alternatives for detailed analysis to address FUSRAPrelated COCs at the Landfill OU.
Alternative 1: No Action, is considered in the detailed analysis in accordance with NCP
requirements (40 CFR Part 300.430(e) (6)) as a baseline against which other alternatives are
compared. Under this alternative, no remedial actions would be undertaken, and it is assumed
that all basic site maintenance and environmental monitoring activities would be discontinued.
Alternative 2: Single-layer Capping of FUSRAP-related Material, includes capping of the
impacted soil with FUSRAP-related COCs exceeding preliminary remediation goals (PRGs),
outside of the bounds of the capped portions of the Town of Tonawanda municipal landfill,
which are discussed more fully in section 1.2.2 below, with a single-layer cap. Land-use
controls, including prohibitions on excavation and building construction, would be utilized. This
alternative includes a 1,000-year, post-closure monitoring and maintenance program.
Alternative 3: Targeted Shallow Removal and Off-site Disposal of FUSRAP-related Material,
consists of the removal of impacted soil with FUSRAP-related COCs exceeding PRGs within the
first 1.5 meters (5 feet) below ground surface, and transportation off site for disposal in a facility
permitted to receive such materials. Removal areas would be backfilled and restored to their
current existing grade. Land-use controls, including prohibitions on excavation and building
construction, would be utilized. This alternative includes site inspections over a 1,000-year postcompletion monitoring period.
Alternative 4: Deep Excavation and Off-site Disposal of FUSRAP-related Material, consists of
the excavation of all impacted soil with FUSRAP-related COCs exceeding PRGs, and
transportation off site for disposal in a facility permitted to receive such materials. Excavated
overburden and cutback soils that do not exceed PRGs would be set aside for reuse as backfill in
xi

the excavated areas. Excavated areas would be backfilled and restored to their current existing
grade.
Comparison of Alternatives
These alternatives are compared against the nine evaluation criteria specified in the NCP. These
nine criteria are grouped into three categories: threshold, balancing, and modifying criteria. The
threshold criteria include overall protection of human health and the environment, and
compliance with ARARs. The balancing criteria include long-term effectiveness and
permanence; reduction of toxicity, mobility, or volume through treatment; short-term
effectiveness; implementability; and cost. The modifying criteria include state acceptance and
community acceptance. The modifying criteria are not evaluated in this FS, but will be evaluated
after public comment is received on the preferred alternative in the forthcoming proposed plan.
A summary of the analysis of each alternative against the threshold and balancing criteria is
presented in Table 1.
Next Steps
Based upon the results of this FS, the USACE will develop a proposed plan that will identify the
preferred remedy to address FUSRAP-related COCs at the Landfill OU. Public input on the
preferred alternative is important in the selection process and opportunity will be provided to
members of the public to provide comment. Based on comments received, USACE will proceed
with the preferred alternative, modify the preferred alternative, or select another alternative
before proceeding. Responses to public comments will be included in the record of decision
(ROD), where the final remedy will be selected, presented, and formalized.
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Table 1 - Comparison of Remedial Alternatives for Soil at the Landfill OU
Criteria
Overall Protection of Human
Health and the Environment
Compliance with Applicable or
Relevant and Appropriate
Requirements

Long-Term Effectiveness and
Permanence

Reduction of Toxicity, Mobility,
and Volume Through Treatment

Short-Term Effectiveness

Implementability

Capital Cost
Annual O&M Cost
Total Present Worth Cost

Alternative 1: No Action
Not Protective
Unacceptable risk to human receptors from exposure
to contaminated soil.
Not Compliant
Current concentrations of FUSRAP-related COCs in
soil exceed ARAR-based PRGs.
Low
Potential future exposures would remain at
unacceptable levels. This alternative does not assure
controls will remain in place and does not provide
any additional controls in the future.

Alternative 2: Single-layer Capping of
FUSRAP-related Material

Alternative 3: Targeted Shallow Removal and
Off-site Disposal of FUSRAP-related Material

Alternative 4: Deep Excavation and Off-site
Disposal of FUSRAP-related Material

Protective

Protective

Protective

Compliant

Compliant

Compliant

Low
Low residual risk is dependent upon cap
maintenance. Five-year reviews would be
required over the 1,000 year operation and
maintenance (O&M) period.

Moderate
Low residual risk since the source of
contamination that could become exposed within
1,000 years would be removed. Five-year reviews
would be required over the 1,000 year O&M
period.
None
Waste minimization practices may reduce the
volume of contaminated soil requiring disposal
and treatment of characteristically hazardous
waste may be required for disposal purposes.

High
Low residual risk since the source of
contamination would be removed. No LUCs
needed. Excavation and off-site disposal is a
reliable and permanent solution.

High
No additional health affect in short-term due to no
action taken.

High
No excavation, handling, or transportation
of contaminated soils is proposed under
this alternative. Remedy could be
implemented in 1.5 years.

Moderate
Additional short-term risks to community and
environment due to excavation and transport of
contaminated soil. Safety measures and processes
defined in the Site Safety and Health Plan will
minimize these risks. Remedy could be
implemented in 1.4 years.

High
No action would be implemented.

Moderate
Potential objection by landowner and state
regulators due to cap extending into 100foot buffer. Standard services, equipment,
and technology are used for this
alternative and are readily available.

High
No likely objection by landowner and state
regulators for excavation and off-site disposal
action. Standard services, equipment, and
technology are used for this alternative and are
readily available. Does not create impacts to 100foot buffer.

None
Waste minimization practices may reduce the
volume of contaminated soil requiring disposal
and treatment of characteristically hazardous
waste may be required for disposal purposes.
Low
Additional short-term risks to community and
environment due to excavation and transport of
contaminated soil. Safety risks to remediation
workers due to depth of excavation. Safety
measures and processes defined in the Site Safety
and Health Plan will minimize these risks.
Remedy could be implemented in 2.3 years.
Low
No likely objection by landowner and state
regulators for excavation and off-site disposal
action. Standard services, equipment, and
technology are used for this alternative and are
readily available. High groundwater table poses
dewatering issues in deep excavations.

$10,341,038
$62,237
$12,157,626

$55,400,759
$0
$55,400,759

None

$0
$0
$0

None

Cost
$8,038,999
$81,884
$10,550,838

xiii
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1.0

INTRODUCTION

In 1974, the Formerly Utilized Sites Remedial Action Program (FUSRAP) was established by
the Atomic Energy Commission (AEC) to identify, investigate, and if necessary, clean up or
control sites that were contaminated as a result of activities conducted in support of the Nation’s
early atomic energy and weapons program. These activities were performed by the predecessors
to the United States Department of Energy (DOE), the Manhattan Engineer District (MED) from
1942 through 1946 and the AEC from 1947 through 1975. Therefore, only MED/AEC-related
constituents of concern (COCs), hereafter referred to as FUSRAP-related COCs, are authorized
to be addressed under FUSRAP. The U.S. Army Corps of Engineers (USACE) executes
FUSRAP in accordance with the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) of 1980, as amended, and the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP), 40 Code of Federal Regulations (CFR) Part 300.
The Town of Tonawanda Landfill was not known to be directly involved with FUSRAP-related
activity, yet because of the potential for FUSRAP contamination from the Linde FUSRAP Site in
surrounding areas, the DOE conducted a radiological survey of the landfill area in 1991 (Oak
Ridge National Laboratory [ORNL] 1992). As a result of this 1991 radiological survey, the DOE
designated a portion of the Town of Tonawanda Landfill as a vicinity property to the Linde
FUSRAP Site in 1992. The DOE designation was restricted to portions of the landfill containing
“uranium and uranium decay products from activities related to DOE’s predecessors” and “does
not include portions of the landfill which contain americium or other radionuclides not used by
the Department’s predecessors.” (DOE 1992).

1.1

Purpose and Organization of the Feasibility Study Report

The purpose of this feasibility study (FS) report is to document the rationale and procedures used
to identify, develop, screen, and evaluate a range of remedial alternatives to address FUSRAPrelated COCs at the Landfill Operable Unit (OU) of the Tonawanda Landfill Vicinity Property.
The remedial alternative evaluations are based upon the nature and extent of FUSRAP-related
COCs and site-specific conditions as documented in the Remedial Investigation Report,
Tonawanda Landfill Vicinity Property and the Updated Baseline Risk Assessment for the Landfill
Operable Unit of the Tonawanda Landfill Vicinity Property (USACE 2005 and 2012a). This FS
is comprised of the following sections:


Section 1.0 – Introduction: Introduces the site regulatory framework, organization of
the report, and background information.



Section 2.0 – Identification and Screening of Remedial Technologies: Presents the
remedial action objectives (RAOs), COCs, applicable or relevant and appropriate
requirements (ARARs), preliminary remediation goals (PRGs), contaminated soil volume
estimate, and general response actions (GRAs) for the FS and identifies and evaluates
technology types and associated process options considered for possible use in site
remediation.
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Section 3.0 – Development and Screening of Remedial Alternatives: Presents
proposed remedial alternatives using retained technology types and process options from
Section 2.0.



Section 4.0 – Detailed Analysis of Remedial Alternatives: Provides the detailed
analysis of the proposed remedial alternatives developed in Section 3.0.



Section 5.0 – Comparative Analysis of Remedial Alternatives: Presents a comparison
of proposed remedial alternatives retained from Section 4.0.



Section 6.0 – Conclusions: Identifies proposed remedial alternatives that best satisfy the
RAOs and summarizes the comparative analysis of remedial alternatives discussed in
Section 5.0.



Section 7.0 – References: Lists references cited in this FS.

1.2

Background Information

This section presents an overview of the physical characteristics of the Landfill OU of the
Tonawanda Landfill Vicinity Property, site history, nature and extent of contamination,
contaminant fate and transport, and the baseline risk assessment (BRA) performed as part of the
original remedial investigation (RI) (USACE 2005), the Phase 2 Remedial Investigation at the
Tonawanda Landfill Operable Unit at the Tonawanda FUSRAP Site in Tonawanda, NY (USACE
2011), and the updated BRA (USACE 2012a).
1.2.1

Site Description

The Tonawanda Landfill Vicinity Property is located approximately 16 kilometers (km) (10
miles [mi]) north of downtown Buffalo and 2.4 km (1.5 mi) north of the Linde FUSRAP Site in
the Town of Tonawanda, Erie County, New York, as shown in Figure 1. The approximately 69hectare (170-acre) Tonawanda Landfill Vicinity Property consists of two parcels owned by the
Town of Tonawanda: the Town of Tonawanda Landfill, and the mudflats, now known as the
North Youngmann Commerce Center (Figure 2).
The Landfill OU, shown in Figure 2, is comprised of approximately 22 hectares (55 acres). It is
located at the northern end of East Park Drive, and is bounded by residential developments to the
north and northwest, a railroad line to the east, and a parcel containing National Grid
transmission lines to the south. The Landfill OU is owned by the Town of Tonawanda and is
zoned commercial/industrial. The residential development to the north and northwest of the
Landfill OU lies within the City of Tonawanda.
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1.2.2

Site Geology and Hydrogeology

The general subsurface geology of the Landfill OU includes unconsolidated glacial deposits at the
surface that vary from 17 to 29.1 meters (m) (56 to 95.5 feet [ft]) in thickness. Unconsolidated
sediments around and below the Landfill OU are composed of dense silty glacial till, glaciolacustrine
silts and clays, and a course-grained glaciofluvial deposit that together overlie the Camillus Shale
bedrock.
Groundwater producing units near and below the Landfill OU consist of two hydrogeologic systems:
semi-confined sand and silty sand lenses within the fine-grained glacial till and glaciolacustrine silty
clay; and the contact zone aquifer of highly permeable course grained sand and gravel interconnected
with the upper portions of the Camillus Shale bedrock. Monitoring wells and wellpoints used to
obtain groundwater levels from the landfill wastes, overburden, and bedrock found that, in general,
groundwater averages about 0.6 to 2.1 m (2 to 7 ft) below ground surface (bgs) in the landfill wastes
and surrounding natural sediments; and about 11.9 m (39 ft) bgs in the confined contact zone aquifer
below the Landfill OU.
A detailed description of the geology and hydrogeology of the Landfill OU may be found in
Appendix A.

1.2.3

Site History

The municipal landfill was operated by the Town of Tonawanda from the mid-1930s through
October 1989. In the early 1900s a clay quarry was located in the western portion of the landfill
property and reportedly abandoned at a depth of 18 meters (m) (60 feet [ft]), when water was
encountered. Wastes disposed in the landfill included ash generated by nearby incinerators
(formerly located just west of the mudflats as shown in Figure 2), construction/demolition debris,
and yard refuse (leaves, branches, etc.) collected from town residents. The landfill occasionally
accepted municipal solid waste and wastewater sludge from the Town of Tonawanda’s
wastewater treatment plant, when the incinerators were temporarily inoperable. The incinerators
were operated by the Town of Tonawanda from the 1940s to 1980s, and demolished in 2002.
Although neither the mudflats nor Town of Tonawanda municipal landfill were known to be
directly involved in past MED/AEC-related activities, the DOE designated the properties both
together as the Tonawanda Landfill Vicinity Property, based on the results of a radiological
survey which detected elevated levels of FUSRAP-related radionuclides in site soils.
In 2007, the Town of Tonawanda began the process of closing the municipal landfill in
accordance with the current Title 6 of the New York Code of Rules and Regulations (NYCRR)
Part 360. This action is being undertaken by the Town of Tonawanda, with regulatory oversight
from the New York State Department of Environmental Conservation (NYSDEC).
The Town of Tonawanda installed the phase one cap over the 10-hectare (25-acre) eastern
portion of the solid waste municipal landfill in 2011, as shown in Figure 3. In 2013, the Town of
Tonawanda began constructing the phase two cap over the western portion of the solid waste
municipal landfill as shown in Figure 3. The phase one (eastern portion) cap is outside the area
of the landfill impacted by FUSRAP-related material being addressed in this FS, while the
7

planned phase two cap appears to slightly overlap the modeled extent of the area impacted by
FUSRAP-related material.
1.2.4

Previous Investigations and Reports

Several entities performed investigations at the Tonawanda Landfill Vicinity Property to
determine the nature and extent of the radioactivity in and adjacent to the Town of Tonawanda
municipal solid waste landfill. A summary is provided below and more detailed information on
the earliest of these reports can be found in the RI (USACE 2005).
1.2.4.1

Department of Energy 1990 Mobile Gamma Scan

In 1990 the DOE performed a mobile gamma scanning survey of three properties and associated
roadways near the Linde Site, including the Town of Tonawanda Landfill. The purpose of the
survey was to assess whether any radioactive material was transported and disposed of off site in
the general area of the Linde facility. The mobile gamma scanning survey included scanning of
accessible areas with a mobile scanning van, limited scanning with portable, hand-held gamma
scintillators, and collection and analysis of two soil samples from the Town of Tonawanda
Landfill. The DOE detected levels above background of uranium-238 (U-238) and radium-226
(Ra-226), which are two isotopes consistent with the material expected to be in ore processing
byproducts generated at the Linde Site (ORNL 1990).
1.2.4.2

Department of Energy 1991 Radiological Survey

The DOE conducted a limited radiological investigation in September 1991 that consisted of
gamma walkover scans, radiation dose rate measurements, and the collection and analysis of
systematic and biased soil samples to a maximum depth of 0.76 m (2.5 ft) (ORNL 1992). Results
of the investigation detected soils in the landfill and mudflats exceeding the radionuclide
guideline concentrations established by the DOE for the Tonawanda FUSRAP sites.
The DOE guideline concentrations for radionuclides were: Ra-226, thorium-230 (Th-230), and
thorium-232 (Th-232), 5 picocuries per gram (pCi/g), averaged over the first 15 centimeters (cm)
(6 inches [in]) of soil below the surface, and 15 pCi/g for any 15 cm (6 in) thick soil layer below
the surface layer. For total uranium, the guideline concentration cited is 60 pCi/g for any 15 cm
(6 in) thick soil layer, which equates to a U-238 concentration of approximately 30 pCi/g.
Laboratory results indicated some soil samples exhibited characteristics similar to the MED
product formerly produced at the Linde facility and others were consistent with the by-products
of the refinery process conducted at the same Linde facility. Impacted areas of the landfill and
mudflats were subsequently designated together as a Vicinity Property of the Linde FUSRAP
Site (DOE 1992).
1.2.4.3

Department of Energy 1994 Soil Sampling

DOE conducted additional soil sampling activities at the landfill and mudflats in 1994 to
determine the vertical extent of FUSRAP-related material at the vicinity property. Analytical
results obtained for subsurface soil, sediment, surface water and groundwater samples indicated
that the FUSRAP-related material was essentially limited to the upper 46 cm (1.5 ft) of soil.
However, contamination above the DOE guideline concentrations was detected in one sample
collected 11.5 ft (3.5 m) below grade (Bechtel National Incorporated [BNI] 1995).
8
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1.2.4.4

USACE 1999 Human Health Assessment

Using data from the DOE’s investigations conducted in 1991 and 1994, the USACE completed a
human health risk assessment for both the Town of Tonawanda Landfill and mudflats parcels of
the Tonawanda Landfill Vicinity Property (USACE 1999). For the estimated recreational site
user scenario, risks were within the acceptable risk range established in the NCP. After
reviewing several closure scenarios for the landfill and their associated radiation doses and
health risks, the USACE concluded that if the landfill was closed with radiologically impacted
soil left in place, and was properly maintained after closure, risk of exposure to site users would
be well within the acceptable risk range established in the NCP.
1.2.4.5

USACE 2005 Remedial Investigation

Following discussions with the state regulator and other stakeholders, the USACE decided that
there was not enough data available to make a definitive conclusion on whether action was
required at the Tonawanda Landfill Vicinity Property. Therefore, USACE proceeded forward
with a RI. Field sampling of surface and subsurface soil, groundwater, surface water and
sediment was conducted by USACE in 2001. Details of sample acquisition numbers and findings
are presented in the Remedial Investigation Report, Tonawanda Landfill Vicinity Property,
Tonawanda, New York (USACE 2005). Despite sampling near the locations that yielded DOE’s
historical elevated results, the USACE investigation did not indicate any elevated radioactivity
within the same order of magnitude identified earlier by the DOE. Based on the RI and the
results of the BRA conducted as part of the RI, USACE concluded that soils containing uranium,
radium and thorium could safely remain in place in their current condition.
1.2.4.6

USACE 2007 Proposed Plan

On March 26, 2007, the USACE released the Proposed Plan for the Tonawanda Landfill Vicinity
Property Site, which recommended no action for the FUSRAP-related material (radium, thorium
and uranium) found at the vicinity property (USACE 2007a). USACE held a public meeting to
present this proposed plan on Wednesday, April 25, 2007, at the City of Tonawanda High School
Auditorium on Hinds Street (USACE 2007b).
During the April 25, 2007, public meeting, nineteen speakers came forward to present comments
on the proposed plan (USACE 2007b). In addition, written comments were received from
federal, state, and local stakeholders, nearby residents and members of the Riverview Elementary
School community, as well as New York State environmental and health agencies. An extended
public comment period of 203 days was provided due to significant public interest. All of the
comments opposed the no-action plan proposed by USACE for the Landfill OU.
Many of the comments argued that because of the close proximity of the school and the
residential development to the Landfill OU the exposure parameters used in the
recreational/trespasser land-use scenario evaluated in the baseline risk assessment
underestimated the actual potential exposures to adults and children traversing the landfill.
Specific comments were submitted by various stakeholders (neighbors, school representatives,
elected officials, and state environmental and health agencies) indicating that the input parameter
values used in the baseline risk assessment for both the exposure frequency and the exposure
duration could be increased, based on population dynamics of the neighboring community. The
11

comments collected indicated that people reside longer in the adjacent neighborhood and spend
more time on landfill property than had previously been assumed.
In addition, NYSDEC indicated that the closure plan for the Town of Tonawanda Landfill had
recently identified a regulatory requirement for property setback distances; a minimum of 30 m
(100 ft) must be maintained between deposited solid waste and the property line (6 NYCRR Part
360-2.13(a)(1)). As stated in one of their comments on the proposed plan,
“The conceptual fill plan for landfill closure was submitted by the Town of
Tonawanda to the NYSDEC on May 10, 2007. The plan specifically avoids the
placement of waste fill in the designated FUSRAP area of the landfill.
Additionally, an area of shallow buried wastes which extends to the east from the
FUSRAP area is identified for waste removal and relocation. The plan as
developed provides for a waste free, buffer area varying from 100 feet to
approximately 200 feet along the north-northwest area of the landfill property.
Thus, most, if not all of the MED wastes in Areas A and B of the landfill will
need to be removed. Excavation of buried wastes within this buffer zone will be
required for proper closure of the landfill. Additional waste may need to be
excavated to construct the perimeter leachate collection and conveyance pipelines.
This will be further determined during the final design of the landfill closure
project.”
The comments received on the proposed plan indicated that further evaluation was needed for the
exposure assessment for current and future land use, as well as to resolve the discrepancy
between the DOE 1991 and 1994 and USACE 2001 data. Therefore, the USACE determined that
further sampling was needed in order to confirm the extent of radioactive contamination at the
Landfill OU. The general response to public comments received on the proposed plan was to reinvestigate the extent of FUSRAP-related material in the Landfill OU.
1.2.4.7

NYSDEC 2007 Residential Gamma Walkover Survey

Following the release of the no-action proposed plan for FUSRAP-related material in the landfill,
the City of Tonawanda requested that NYSDEC conduct additional testing to determine the
potential for radioactivity to migrate into the neighboring residential properties. In response,
NYSDEC conducted two radiological investigations of adjacent properties, where the property
owners gave them permission to investigate.
The first investigation involved radiological gamma walkover surveys of several residential
properties and the Riverview Elementary School property in the vicinity of the landfill
(NYSDEC 2007). In those properties that border the Landfill OU to the north, the area within
approximately 6 m (20 ft) of the boundary was surveyed using a 5 cm x 5 cm (2 in x 2 in)
sodium iodide detector. One nearby property that does not border the Landfill OU was also
surveyed, as well as all of the Riverview Elementary School property. The gamma walkover
survey results showed no impacts on the residential properties; the NYSDEC screening level
(11,200 counts per minute) was 2,000 counts per minute above the average background for the
area (9,200 counts per minute). However, on the Riverview Elementary School grounds, the
investigative level was exceeded, and confirmed with one-minute static counts, in two locations.
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Soil samples were then collected from each of these areas and sent to a NYSDEC-approved
laboratory for analysis. The soil samples contained naturally occurring levels of radioactivity and
did not exhibit characteristics of FUSRAP-related material, as stated by NYSDEC below.
“The analytical results for these samples indicate that the soil contains naturally
occurring radioactive material, in normal concentrations, and cesium-137, which
is a residue from the radioactive fallout from atmospheric testing of nuclear
weapons in the past. There is no indication of FUSRAP-related materials. These
results are consistent with the readings obtained. They illustrate the fact that the
investigative level used in this survey was very conservative.”
The survey concluded that there was no evidence of radioactive materials from uranium ore
processing in the areas surveyed (NYSDEC 2007).
1.2.4.8

NYSDEC 2008 Residential Sump Sampling

The second investigation conducted by NYSDEC involved the sampling and analysis of sump
water from basements of representative residential properties adjacent to the landfill (NYSDEC
2008). Ten residential properties in locations ranging from the far western end of Wadsworth
Court to the eastern end of Hackett Drive were sampled. In addition, two homes located several
blocks to the north were sampled as “background” or “control” locations. Samples were
collected from the sumps in mid-March 2008, when snow cover was melting, and analyzed in a
laboratory for both chemical and radiological parameters. The results of this sump sampling
program indicated that contaminants from the landfill are not entering the sumps of homes
bordering the landfill.
1.2.4.9

USACE 2008 Mudflats Operable Unit Record of Decision

Following the public comment period on the proposed plan, the Corps of Engineers signed a noaction record of decision for the Mudflats OU, after it was determined that risks from FUSRAPrelated COCs in that OU were within acceptable limits established in the NCP (USACE 2008b).
1.2.4.10

USACE 2009 Historical Photographic Analysis

USACE completed a geographic information system (GIS)-based historical photographic
analysis of the Landfill and Mudflats OUs (United States Army Geospatial Center [USAGC]
2009). The results of this historical photographic analysis were used in conjunction with results
from previous DOE and USACE investigations in the Landfill OU in planning the supplemental
RI sampling.
1.2.4.11

USACE 2011 Phase Two Remedial Investigation

From 2009 through 2011, the USACE conducted additional sampling of on-site surface and
subsurface soils, on-site tree vegetation, on-site groundwater, and on-site and off-site surface
water and sediment for the Landfill OU of the Tonawanda Landfill Vicinity Property (USACE
2011). This phase two RI sampling of the Landfill OU media occurred in three separate efforts.
The first effort was led by USACE personnel who sampled sediment, surface water, existing
groundwater wells, and vegetation in the summer and fall of 2009. The second effort was
conducted to further investigate surface and subsurface soil, sediment, and groundwater as part
13

of the phase two RI sampling in 2010. USACE collected surface-water and sediment samples
from off-site portions of a site drainage ditch in November 2011. The investigations performed
by USACE from 2009 through 2011 confirmed the presence of buried FUSRAP-related material
in the Landfill OU at concentrations similar to those the DOE found in the early 1990s (USACE
2011). USACE also confirmed that uranium in Landfill OU soils appears to be leaching into
groundwater and subsequently discharging to surface water.
1.2.4.12

USACE 2012 Baseline Risk Assessment

In 2012 USACE used the results from the phase two RI sampling to prepare an updated BRA.
This included development of an updated site-specific exposure assessment to determine the
duration and frequency of potential exposure of site users to FUSRAP-related material within the
Landfill OU. The updated BRA used the 2009 through 2011 dataset, as that dataset most
accurately represents the nature and extent of contamination at the site, since it provides a more
comprehensive number of samples than that obtained by USACE in 2001 and is closer in
magnitude to DOE 1991 and 1994 data. The updated BRA concluded that for the current site
users of the Landfill OU (i.e., trespasser or construction worker), as it is currently configured, the
risks to human health from potential exposures to FUSRAP-related material buried within the
Landfill OU are within the acceptable limits established in the NCP. However, if no action is
taken to address the FUSRAP-related material, then for the reasonable future-use scenario of a
recreational user the human health risk will exceed the NCP limit, as deeper buried
contamination could potentially become exposed through natural erosion. In addition, while
potential ARARs were not evaluated in the updated BRA, the Landfill OU does contain radium
soil concentrations that exceed the surface and subsurface limits in 10 CFR 40, Appendix A
(USACE 2012a). Also, while groundwater contaminated with uranium is seeping into the on-site
northern drainage ditch at levels above drinking water standards, since groundwater and surface
water at the Landfill OU are not used as a drinking water source, unacceptable risks to human
health are not occurring at this time. The BRA also assessed the potential risk from incidental
ingestion of surface water and groundwater at the site, and found the risk to be well within the
acceptable NCP limit.
The screening level ecological risk assessment that was performed as part of the updated BRA,
which evaluated both on-site exposures within the Landfill OU as well as off-site exposures in
the northern drainage ditch where it leaves the Landfill OU and intersects Two Mile Creek,
concluded that ecological risks are negligible and no further action is warranted for protection of
ecological receptors. This conclusion was based on observations and facts related to the
ecological site conditions. The Landfill OU is not currently managed for ecological purposes and
is not expected to be so managed in the future. Within the Landfill OU, current terrestrial
ecological exposure to deeper levels of soil radioactivity is not observed. The current aquatic
habitat in the drainage ditch consists of disturbed, low quality, temporary habitat areas that
commonly exhibit invasive species. Concentrations of uranium in surface water samples
collected in 2011 in the drainage ditch between the Landfill OU and Two Mile Creek were found
to decrease to levels below the uranium screening level for aquatic life and approach background
levels prior to reaching the creek. The updated BRA concluded that aquatic life in surface water
bodies down gradient of this ditch, such as the aquatic habitat in Two Mile Creek, is not at risk
from uranium (USACE 2012a).
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1.2.4.13

USACE 2012 and 2013 Environmental Monitoring

USACE conducted annual environmental monitoring activities at the Landfill OU in 2012 and
2013, which included groundwater sampling as well as surface water and sediment sampling in
the drainage ditch both on and off site (USACE 2012b, 2014). While the groundwater and
sediment sampling results from these events were consistent with previous sampling efforts,
surface water samples collected in April 2013 from the off-site portion of the drainage ditch
exhibited levels of uranium above the ecological screening level for aquatic life. However,
subsequent surface water sampling in November 2013 of Two Mile Creek found levels of
uranium below the ecological screening level.
1.2.5

Nature and Extent of Contamination

The nature and extent of FUSRAP-related material detected in surface and subsurface soils,
sediment, surface water, and groundwater are briefly described in this section. Additional
information regarding the nature and extent of FUSRAP-related contamination at the Landfill
OU can be found in the RI (USACE 2005), the phase two RI (USACE 2011), the updated BRA
(USACE 2012a), and the annual environmental monitoring results (USACE 2012b, 2014).
Table 2 of this report includes a summary of the historic DOE and USACE sampling of the
Landfill OU. Though the updated BRA only utilized the USACE 2009 through 2011 dataset, for
purposes of determining the nature and extent of contamination in this FS, all of the DOE and
USACE data were considered.
Figure 4 presents the location of all environmental media samples obtained by USACE in the
2009-2011 investigations of the Landfill OU. Sampling results are summarized below in Table 2
and detailed in the phase two RI report (USACE 2011) and the updated BRA (USACE 2012a).
1.2.5.1

Extent of FUSRAP Contamination in Soil

As discussed in Section 1.2.3, several soil investigation efforts were conducted by the DOE and
USACE from 1991 through 2011, to identify the presence and determine the extent of FUSRAP
COCs in site soils. These investigations included gamma walkover surveys to directly measure
the radioactivity of surface soils, and the collection and analysis of soil samples, both from the
site ground surface and from subsurface borings. Soil sampling included collection of both
systematic samples, collected from a pre-defined grid of locations, and biased samples, collected
to investigate specific features of interest; e.g., areas with elevated gamma walkover survey
readings, or around other soil boring locations with samples that exhibited elevated levels of
FUSRAP COCs. Figure 5 shows all of the soil sampling locations collected by DOE and
USACE.
The various FUSRAP soil sampling efforts identified soils in the Landfill OU containing
elevated levels of the FUSRAP COCs Ra-226, Th-230 and uranium. Maximum detected
concentrations included 3,485 pCi/g for Ra-226, 4,300 pCi/g for Th-230, and 2,048 pCi/g for U238. Soils with elevated FUSRAP COCs were generally confined to an area in the northwestern
portion of the Landfill OU, near the center of and roughly paralleling the northwestern fence line
separating the Landfill OU from the adjacent residential properties. The highest detected levels
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were generally detected 0.6 m (2 ft) or more bgs, with elevated levels detected as deep as 7.6 m
(25 ft) bgs. The elevated sample locations are shown in Figure 2 of Appendix C.
As described in Section 1.2.3.11, the updated BRA completed by USACE in 2012 concluded that
for the current use of the Landfill OU, as it is currently configured, the risks to human health
from potential exposures to FUSRAP-related material in site soils are within the acceptable
limits established in the NCP. However, if the surface soil covering the FUSRAP-related
material is not maintained and allowed to erode over time, the exposed material will produce an
unacceptable risk to future recreational users of the Landfill OU within the 1,000-year evaluation
period (USACE 2012a). Therefore, soil is a medium of concern for the Landfill OU of the
Tonawanda Landfill Vicinity Property that will be addressed under this FS.
1.2.5.2

Extent of FUSRAP Contamination in Sediment

Sediment samples were collected from on-site drainage ditch areas by USACE in 2009.
Additional sediment samples were collected from the areas of the drainage ditch as it leads off
site onto the National Grid right-of-way in November 2011. Sampling was also conducted at all
previous sediment locations as part of the annual environmental monitoring conducted in April
of 2012 and 2013. Figure 6 shows all of the locations from which sediment samples were
collected. Sediment sampling results are reported in the updated BRA (USACE 2012a) and the
annual environmental monitoring data releases (USACE 2012b, 2014), and are summarized in
Table 3 of this FS.
The combined results of all of the sediment sampling efforts found concentrations of radium and
thorium at or near background levels for all sediment sampling locations. Uranium
concentrations were elevated compared to background in on-site sediment sample locations
SW/SD-01, 02, 05, 07and 08; however, uranium concentrations in samples collected from all of
the remaining sediment sample locations, including from off-site portions of the drainage ditch,
were at or near background levels, indicating that uranium is not migrating off site in the
drainage ditch sediment. Therefore, sediment is not a medium of concern for the Landfill OU of
the Tonawanda Landfill Vicinity Property, and will not be addressed as part of this FS.
1.2.5.3

Extent of FUSRAP Contamination in Surface Water

Surface water samples were collected from the same locations and at the same times as the
sediment samples described in the previous section. In November 2013 an additional round of
surface water samples was collected from previously sampled locations, as well as surface water
samples from the location in Two Mile Creek where the drainage ditch discharged into the creek,
and up and down gradient of that location. Surface water samples were unfiltered, unless they
were highly turbid, in which case a filtered sample was collected as well. Figure 6 shows all of
the locations from which surface water samples were collected. Surface water sampling results
are reported in the updated BRA (USACE 2012a) and the annual environmental monitoring data
releases (USACE 2012b, 2014), and are summarized in Table 4 of this FS.
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Table 2 - Summary of FUSRAP Sampling Efforts in the Landfill OU
Matrix

Soil
(Results in pCi/g)
Surface Water
(Results in pCi/L)
Sediment
(Results in pCi/g)
Ground-water
(Results in pCi/L)

DOE (1991 and 1994) Data
Number of
Maximum
Samples
Results
148 Samples
Ra-226
2,000
92 Locations
Th-230
4,300
U-238
1,800
1 Sample
Ra-226
521
Th-230
0.2
U-238
48.2
1 Sample
Ra-226
65.7
Th-230
121.8
U-238
393.5
2 Temporary
Ra-226
12.1
Well Points
Th-230
693
(Unfiltered)
U-238
4,328

USACE (2001) Data
Number of
Maximum
Samples
Results
280 Samples
Ra-226 20.1
114 Locations Th-230 32.5
U-238
227
4 Samples
Ra-226 7.2
Th-230 4.34
U-238
211
9 Samples
Ra-226 5.8
4 Locations
Th-230 3.9
U-238
25.3
10 Permanent Ra-226 1.0
Wells
Th-230 0.7
(Filtered)
U-238
53.7

USACE (2009 – 2011) Data
Number of
Maximum
Samples
Results
962 Samples
Ra-226
3,485
193 Locations
Th-230
1,640
U-238
2,048
11 Samples
Ra-226
2.4
10 Locations
Th-230
0.3
U-238
61.9
12 Samples
Ra-226
1.6
11 Locations
Th-230
2.2
U-238
14.1
14 Temporary
Ra-226
11.8
Well Points
Th-230
0.4
(Filtered)
U-238
51.8
12 Permanent
Ra-226
1.7
Wells (Filtered)
Th-230
0.32
U-238
11.9

NA: Not analyzed
ND: Not detected
pCi/g: picocuries per gram
pCi/L: picocuries per liter
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USACE (2012) Data
Number of
Maximum
Samples
Results

17 Samples
16 Locations
17 Samples
16 Locations
9 Temporary
Well Points
(Filtered)
9 Permanent
Wells (Filtered)

Ra-226
Th-230
U-238
Ra-226
Th-230
U-238
Ra-226
Th-230
U-238
Ra-226
Th-230
U-238

0.597
0.331
68.3
2.70
1.46
22.5
0.617
0.175
46.7
0.695
0.180
12.2

USACE (2013) Data
Number of
Maximum
Samples
Results

42 Samples
20 Locations
17 Samples
16 Locations
10 Temporary
Well Points
(Filtered)
9 Permanent Wells
(Filtered)

Ra-226
Th-230
U-238
Ra-226
Th-230
U-238
Ra-226
Th-230
U-238
Ra-226
Th-230
U-238

0.344
NA
51.9
1.37
1.46
11.0
ND
ND
73.4
ND
ND
11.8
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Table 3 - 2009 through 2013 Sediment Sampling Results
Location
SW/SD-01

2

SW/SD-02

2

SW/SD-05

2

SW/SD-06

2

SW/SD-07

2

SW/SD-08

2

SW/SD-09

2

SW/SD-10

2

SW/SD-11

2

SW/SD-12

3

SW/SD-13

3

SW/SD-14

3

SW/SD-15

3

SW/SD-16

3

Month &
Year

Ra-226
(pCi/g)

Th-230
(pCi/g)

U-234
(pCi/g)

U-235
(pCi/g)

U-238
(pCi/g)

Total U
(mg/kg)1

Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Jul-09
Apr-12
Apr-13
Nov-11
Apr-12
Apr-13
Nov-11
Apr-12
Apr-13
Nov-11
Apr-12
Apr-13
Nov-11
Apr-12
Apr-13
Nov-11
Apr-12
Apr-13

1.33
2.70
1.27
1.49
0.975
1.14
1.27
1.03
1.27
1.11
1.47
1.26
0.670
1.39
1.37
1.19
1.20
1.19
1.19
0.872
1.03
1.44
1.05
1.05
1.11
1.03
0.988
1.32
1.17
1.09
1.20
1.02
1.00
1.20
1.12
1.02
1.15
1.09
1.05
1.17
1.52
0.916

2.24
1.46
0.675
0.485
0.932
0.633
1.08
0.729
0.750
0.514
0.923
1.11
1.14
1.18
1.09
1.02
0.843
1.16
0.94
0.747
1.14
0.712
0.711
0.889
0.898
0.814
0.676
1.28
1.24
1.22
1.14
0.901
1.46
1.11
0.972
0.312
0.907
1.45
1.13
1.07
0.848
0.831

7.31
22.6
11.2
10.4
1.71
2.17
15.3
7.78
7.18
1.54
1.40
1.18
2.31
2.77
1.33
4.75
3.75
2.14
1.20
0.558
1.09
0.955
0.828
0.841
0.834
0.816
1.06
0.776
0.722
0.589
0.659
0.904
0.791
0.896
0.892
0.821
0.665
0.867
0.840
0.974
0.944
0.646

0.615
1.37
0.539
1.11
0.0570
0.123
1.39
0.456
0.317
0.142
0.146
ND
0.254
0.0620
0.147
0.329
0.148
0.149
0.0491
0.0130
0.0910
0.0593
0.0460
ND
0.120
0.0410
ND
0.0280
0.0070
0.0700
0.0510
0.0440
ND
0.0680
0.0670
ND
0.0590
0.098
ND
0.0460
0.0380
ND

7.92
22.5
11.0
11.3
1.82
2.16
14.1
7.94
7.14
1.53
1.27
1.23
2.33
2.45
0.867
4.43
3.79
2.05
0.995
0.675
1.31
1.07
1.27
0.695
0.955
0.787
1.18
0.741
0.799
0.632
0.747
0.822
0.967
0.884
1.17
0.765
0.829
0.811
0.613
1.01
0.932
0.782

15.6
66.8
32.6
13.3
5.38
6.41
44.4
23.6
21.1
3.87
3.80
3.62
4.18
7.23
2.62
9.70
11.2
6.10
2.31
1.99
3.89
2.06
3.76
2.04
3.78
2.33
3.47
2.19
2.35
1.89
2.22
2.44
2.84
2.63
3.47
2.25
2.47
2.43
1.80
2.99
2.76
2.30

pCi/g = picocuries per gram
mg/kg = milligrams per kilogram
ND = Not detected
1.
2.
3.

Unless stated otherwise, total uranium was analyzed for separately via kinetic phosphorescence analysis (KPA).
Apr 2012 and Apr 2013 total U results for these locations calculated using the specific activities for each uranium isotope from 40
CFR 71, Appendix A.
Nov 2011, Apr 2012, and Apr 2013 total U results for these locations calculated using the specific activities for each uranium isotope
from 40 CFR 71, Appendix A.
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Table 4 - 2009 through 2013 Surface Water Sampling Results
Location
SW/SD-01

SW/SD-02

SW/SD-05

SW/SD-06

SW/SD-07

SW/SD-08

SW/SD-09

SW/SD-10

SW/SD-11

Month &
Year

Ra-226
(pCi/L)

Th-230
(pCi/L)

U-234
(pCi/L)

U-235
(pCi/L)

U-238
(pCi/L)

Total U
( g/L)1

Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13
Jul-09
Apr-12
Apr-13
Nov-13

0.608
0.249
ND
NA
0.342
0.112
ND
NA
1.51
0.597
ND
NA
0.436
0.0830
0.171
NA
1.21
0.217
ND
NA
0.603
-0.130
ND
NA
0.363
0.0460
ND
NA
1.90
0.346
0.338
NA
0.741
0.333
ND
NA

0.0889
0.107
ND
NA
0.311
0.168
ND
NA
0.164
0.173
ND
NA
0.104
0.206
ND
NA
0.0579
0.224
ND
NA
0.170
0.331
ND
NA
0.0722
0.271
ND
NA
0.157
0.170
ND
NA
0.325
0.124
ND
NA

57.8
70.8
46.9
20.8
19.9
2.91
3.21
2.53
61.4
49.8
38.9
10.6
27.6
8.40
6.76
52.9
6.49
7.87
6.03
49.3
5.93
7.64
12.8
20.9
7.30
9.19
18.7
22.1
7.98
4.34
17.2
6.95
5.44
9.83
17.1
22.2

4.74
3.71
2.65
1.15
1.49
0.133
ND
0.0740
6.44
2.46
2.12
0.622
1.86
0.514
0.609
3.44
0.989
0.423
0.460
2.65
0.565
0.415
0.697
1.54
0.289
0.499
0.719
1.25
0.269
0.344
0.472
0.596
0.485
0.548
1.22
1.30

56.9
68.3
43.9
23.1
19.6
2.81
2.87
2.31
61.9
48.2
37.9
10.8
28.5
8.98
7.10
51.9
5.56
7.47
5.02
46.5
5.53
8.65
12.3
21.5
6.23
8.55
19.1
20.4
8.02
4.99
16.3
6.75
4.70
8.74
18.7
20.3

144
252
127.00
76.6
44.3
9.08
8.48
8.55
162
145
117
36.9
76.1
24.2
16.7
179
23.4
24.5
16.6
154
19.3
25.6
39.6
72.2
108
30.3
54.9
72.3
49.2
15.7
42.7
20.7
19.2
31.3
50.8
70.6

pCi/L = picocuries per liter
g/L = micrograms per liter
ND = Not detected
NA = Not analyzed
1.

Unless stated otherwise, total uranium was analyzed for separately via KPA.
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2009 through 2013 Surface Water Sampling Results (Continued)
Location

SW/SD-12

SW/SD-13

SW/SD-14

SW/SD-15

SW/SD-16

SW-17
SW-18
SW-19
SW-20

Month &
Year

Ra-226
(pCi/L)

Th-230
(pCi/L)

U-234
(pCi/L)

U-235
(pCi/L)

U-238
(pCi/L)

Total U
( g/L)1

Nov-11
Apr-12
Apr-13
Nov-13
Nov-11
Apr-12
Apr-13
Nov-13
Nov-11
Apr-12
Apr-13
Nov-13
Nov-11
Apr-12
Apr-13
Nov-13
Nov-11
Apr-12
Apr-13
Nov-13
Nov-13
Nov-13
Nov-13
Nov-13

0.177
-0.0900
ND
NA
-0.0890
-0.0900
0.344
NA
0.147
0.0920
ND
NA
-0.0440
-0.130
ND
NA
0.198
-0.160
ND
NA
NA
NA
NA
NA

0.118
0.234
ND
NA
0.107
0.238
ND
NA
0.0740
0.127
ND
NA
0.0690
0.251
ND
NA
0.0270
0.0360
ND
NA
NA
NA
NA
NA

0.195
-0.0700
10.5
1.32
6.29
4.82
14.8
6.46
0.0890
0.0540
6.34
6.68
0.261
4.99
6.09
5.38
0.247
0.193
5.75
4.52
2.19
1.46
1.58
1.15

0.0330
0.0120
0.702
0.159
0.112
0.369
0.490
0.421
0.000
0.0330
ND
0.366
0.0670
0.317
0.194
0.218
0.0590
0.0110
0.413
0.298
0.131
0.0920
0.0730
0.0530

0.0680
0.143
9.75
1.86
6.05
4.77
13.3
5.79
0.096
0.311
6.10
7.92
0.231
4.43
5.69
4.67
0.239
0.298
5.34
5.20
1.63
1.21
1.49
1.16

0.289
0.356
27.4
4.92
18.7
14.6
42.7
21.9
0.292
0.395
19.1
22.0
0.905
1.02
16.6
15.4
0.634
0.902
16.6
15.2
4.16
3.77
4.11
3.44

pCi/L = picocuries per liter
g/L = micrograms per liter
NC = Not collected
ND = Not detected
1.

Unless stated otherwise, total uranium was analyzed for separately via KPA.
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The combined results of all of the surface water sampling efforts found concentrations of radium
and thorium at or near background levels for all surface water sampling locations.
Concentrations of uranium in surface water from all of the on-site drainage ditch locations have
been consistently elevated above background. Surface water samples collected from the off-site
portion of the drainage ditch in 2011 and 2012 exhibited background levels of uranium, but
samples collected from the ditch in April 2013 had uranium concentrations elevated above
background levels. However, the drainage ditch is temporary in nature and is not a drinking
water source, and the actual use of the drainage ditch by aquatic receptors is likely to be very
limited to none (USACE 2012a). Samples collected in November 2013 from Two Mile Creek,
the most likely aquatic habitat into which the ditch discharges, exhibited uranium levels that
were below the ecological screening level for aquatic life (USACE 2014).
While surface water in the drainage ditch is not a viable drinking water source, the BRA did
evaluate the potential risk to the current site users (i.e., the trespasser and construction worker)
from incidental ingestion of site surface water, and found the risks to be well within the
acceptable limits established in the NCP. Therefore, surface water is not a medium of concern
for the Landfill OU of the Tonawanda Landfill Vicinity Property, and will not be addressed as
part of this FS.
1.2.5.4

Extent of FUSRAP Contamination in Groundwater

USACE initially collected groundwater samples in 2001 from a subset of the Town of
Tonawanda’s 17 permanent groundwater monitoring wells installed in and surrounding the
Landfill OU, as part of the original RI field sampling. In 2009 and 2010, as part of the phase two
RI sampling, USACE collected additional groundwater samples from a subset of the permanent
monitoring wells, as well as from temporary well points (TWPs) installed by USACE in the
Landfill OU. Both permanent wells and TWPs were sampled as part of the annual environmental
monitoring conducted in April of 2012 and 2013. Sampling generally included collection of both
filtered and unfiltered groundwater samples. Figure 6 shows all of the groundwater locations
sampled as part of the annual environmental monitoring of the Landfill OU. Groundwater
sampling results are reported in the RI report (USACE 2005), the phase two RI sampling report
(USACE 2011), the updated BRA (USACE 2012a) and the annual environmental monitoring
data releases (USACE 2012b, 2014), and are summarized in Table 5 of this FS.
The combined results of all of the groundwater sampling efforts found concentrations of radium
and thorium at or near background levels for all permanent monitoring well and TWP sampling
locations. Uranium concentrations in groundwater samples collected from several of the
permanent monitoring well and TWP sampling locations have been found to be elevated above
background levels. Figure 7 shows a graph of total uranium concentrations detected in filtered
groundwater samples collected from 2001 through 2013. The variability in uranium
concentrations in collected samples may be an artifact of the phased capping of the landfill
currently being conducted by the Town of Tonawanda.
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Table 5 - 2009 through 2013 Filtered Groundwater Sampling Results
Well
BM-4

BM-15

BM-16

BM-17

BM-18

BM-19

L-1

L-2

L-3

Month &
Year

Ra-226
(pCi/L)

Th-230
(pCi/L)

U-234
(pCi/L)

U-235
(pCi/L)

U-238
(pCi/L)

Total U
( g/L)1

Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13
Sep-01
Jul-09
Apr-12
Apr-13

0.700
0.800
0.423
ND
0.600
NC
0.108
ND
0.400
0.548
0.201
ND
1.00
0.360
0.695
ND
0.900
0.898
0.159
ND
0.400
0.440
0.162
ND
0.500
0.990
-0.170
ND
0.500
1.33
0.000
ND
0.500
1.18
0.0500
ND

0.100
0.247
0.161
ND
0.100
NC
0.111
ND
0.100
0.107
-0.0100
ND
0.100
0.184
0.0740
ND
0.000
0.229
0.180
ND
0.100
0.265
0.0840
ND
0.100
0.291
0.137
ND
0.100
0.231
0.150
ND
0.500
0.217
-0.0100
ND

12.2
13.0
12.3
14.0
6.30
NC
7.98
7.07
13.3
12.3
15.2
11.1
9.30
6.71
6.15
6.08
10.4
10.5
9.30
9.50
13.0
14.5
10.9
11.5
1.80
1.94
0.298
1.24
0.500
3.88
10.8
9.71
46.8
2.19
1.85
2.38

0.800
0.504
0.196
0.654
0.400
NC
0.209
ND
0.900
1.31
0.455
0.551
0.600
0.645
0.402
ND
0.700
0.609
0.492
0.400
0.600
0.554
0.569
0.587
0.100
0.086
0.041
ND
0.000
0.260
0.632
0.406
3.40
0.279
0.075
ND

11.6
11.8
10.6
11.8
5.10
NC
5.14
4.21
9.60
11.9
12.2
8.79
7.90
6.95
6.38
5.43
8.90
9.46
8.33
9.25
10.4
10.8
9.57
10.3
2.00
0.481
0.750
0.888
0.600
4.46
9.89
9.46
46.9
2.85
2.09
2.03

32.1
26.7
30.9
32.6
15.4
NC
16.5
16.4
27.0
29.3
34.1
29.7
24.0
18.4
19.9
14.2
31.0
35.4
23.9
23.4
31.6
25.4
14.9
27.6
2.90
0.915
1.58
3.31
1.60
49.5
29.7
30.3
133
6.61
5.73
6.97

pCi/L = picocuries per liter
g/L = micrograms per liter
NC = Not collected
ND = Not detected
1.

Unless stated otherwise, total uranium was analyzed for separately via KPA.
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2009 through 2013 Filtered Groundwater Sampling Results (Continued)
Well
TWP-1

2

TWP-4

2

TWP-5

2

TWP-6

2

TWP-7

2

TWP-8

2

TWP-9

2

TWP-10

TWP-11

2

TWP-13

2

Month &
Year

Ra-226
(pCi/L)

Th-230
(pCi/L)

U-234
(pCi/L)

U-235
(pCi/L)

U-238
(pCi/L)

Total U
( g/L)1

Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13
Apr-10
Apr-12
Apr-13

0.230
0.112
ND
0.270
0.515
ND
ND
0.617
ND
0.280
0.487
ND
ND
0.100
ND
0.170
-0.160
ND
ND
0.231
ND
NC
NC
NC
0.260
0.169
ND
0.230
0.146
ND

0.0800
0.158
ND
0.110
0.000
ND
ND
0.0420
ND
0.150
0.174
ND
ND
0.174
ND
0.0700
0.175
ND
0.440
0.0770
ND
NC
NC
NC
0.0800
0.134
ND
0.0900
0.123
ND

2.87
3.48
4.09
3.20
0.151
0.288
0.370
0.0550
0.347
28.1
49.3
39.2
50.7
29.1
71.4
4.21
3.88
5.61
2.14
3.43
2.83
NC
NC
NC
70.2
2.29
3.17
4.52
13.7
14.4

0.110
0.111
ND
0.170
0.000
ND
ND
-0.0100
ND
0.850
2.52
1.87
1.99
2.17
5.40
0.240
0.0400
0.227
0.220
0.234
ND
NC
NC
NC
0.950
0.0570
ND
0.170
0.865
0.591

2.43
3.02
3.35
3.84
0.097
0.182
0.380
0.104
ND
28.2
46.7
37.5
51.8
30.4
73.4
4.10
6.74
5.89
1.95
2.83
2.40
NC
NC
NC
20.3
2.42
2.87
4.19
13.1
15.5

7.20
8.87
9.07
11.4
0.461
0.723
1.12
0.462
0.897
83.4
127
129
153
93.2
231
12.2
11.0
16.0
5.84
10.1
7.25
NC
NC
NC
60.0
6.47
7.91
12.4
46.5
47.4

pCi/L = picocuries per liter
g/L = micrograms per liter
NC = Not collected
ND = Not detected
1.
2.

Unless stated otherwise, total uranium was analyzed for separately via KPA.
April 2010 total U result for these locations calculated using the specific activities for each uranium isotope
from 40CFR71, Appendix A.
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USACE conducted a detailed analysis of the impact of the elevated uranium concentrations in
site groundwater on current or potential drinking water sources, which is contained in Appendix
A of this FS. This analysis included an evaluation of the potability of site groundwater. In
addition, groundwater modeling was performed to evaluate the potential migration of the
uranium in groundwater to other potential drinking water sources.
Site groundwater is not a current drinking water source, as there are no receptors currently
utilizing the groundwater beneath the site as a potable water source. In addition, the site is a
NYSDEC-listed chemically-impacted landfill, which precludes groundwater use by near-term
future receptors (construction workers and recreational users) and long-term use under the most
reasonable future land-use assumptions. Groundwater was also excluded as a potential future
drinking water source based on current site-specific characteristics including:


Current groundwater conditions in the two uppermost aquifers beneath the Tonawanda
Landfill Vicinity Property exhibit high salinity, sulfate, and total dissolved solids (TDS)
concentrations, as well as organic contamination due to landfill operations, that preclude
its use without significant treatment.



The Landfill OU of the Tonawanda Landfill Vicinity Property is not within the capture
zone of current municipal or private drinking water well systems and it is unlikely that it
would be in the future due to the availability of fresh drinking water from off-site sources
(i.e. the upper Niagara River).

In addition, while the groundwater flow and contaminant-transport modeling discussed in
Appendix A predicts that uranium contaminated groundwater will continue to discharge into the
on-site, surface-water drainage ditch into the near future, these discharges will not result in
uranium concentrations that would pose a risk to human health and the environment in Two Mile
Creek over the 1,000-year modeling period. Also, once the Town of Tonawanda’s phase one and
phase two capping actions are completed and ambient groundwater levels decline, surface-water
impacts in the on-site drainage ditches are predicted to wane.
Therefore, groundwater is not a medium of concern for the Landfill OU of the Tonawanda
Landfill Vicinity Property, and will not be addressed as part of this FS.
1.2.6

Contaminant Fate and Transport

Potential release mechanisms for FUSRAP-related COCs in soil include:




Displacement and transport by the action of humans or animals.
Displacement and transport by wind and air.
Release and transport by water.

While most of the landfill areas where FUSRAP-related material has been identified are heavily
vegetated, possible bare areas exist and access to these areas is not totally precluded. Thus, there
is a potential for dust generation from off-road vehicles and other intrusive activities. The
potential for displacement of contaminants by the wind (fugitive dust emissions), with
subsequent transport in the air as particulate material, is always present where soils are directly
exposed to the wind. The particulate size, moisture content, degree of vegetative cover, degree of
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soil disturbance, and other factors, as well as wind speed, direction and persistence determine the
rate of dust emissions. The potential for fugitive dust emissions is highest in hot and dry
conditions and may be persistent or short term during intrusive activities such as construction or
other activities involving vehicles (trucks, dirt bikes, etc.). As discussed in Section 1.2.3.7
NYSDEC conducted a gamma walkover survey of some of the neighboring properties and did
not find anything indicating there was an appreciable wind-blown movement of COCs off the
landfill into the neighborhood.
The presence of Ra-226 results in the potential for the emission of the Ra-226 decay product,
radon-222 (Rn-222), from the ground surface to the air if an adequate radon barrier is not in
place. Currently, the soils covering most of the FUSRAP-related material provide a barrier to
prevent these emissions.
Surface water and groundwater impacts evident at the Landfill OU are derived from the
dissolution and migration of uranium from soil-based sources (see Appendix A). The
mobilization of uranium from the soil source is governed by the solubility of uranium in water
and soil-partitioning conditions of the radionuclide. Infiltration from precipitation produces
landfill leachate that pools within the FUSRAP-impacted material and seeps to the surface water
via peripheral discharges. As this liquid moves through the FUSRAP-related material, the
uranium preferentially dissolves into the water, whereas radium and thorium isotopes have much
less solubility and high soil-water partitioning coefficients (Kd). Based upon surface water and
groundwater sampling, uranium is the most mobile contaminant, while radium and thorium
isotopes are immobile in the landfill environment; this is attributed to high Kd values for those
two constituents.
The vertical migration of dissolved uranium in the Landfill OU is governed by small-scale flow
pathways that are evident in vertically discrete well couplets. Shallow and deep well pairs show
upward vertical gradients through the uranium impacted soils. Uranium is removed from site
soils by the groundwater and discharges partly to the surface water, while a portion flows in the
groundwater down gradient of the Landfill OU toward Two Mile Creek. As the groundwater
mound in the Landfill OU dissipates with the phased capping of the landfill by the Town of
Tonawanda, as seen in Figure 10 of Appendix A, this vertical gradient will homogenize and
possibly reverse (become downward) due to the FUSRAP-impacted area being the primary
recharge area to landfill wastes. This condition is simulated in the model that is presented in
Appendix A, which predicts a southerly shift in groundwater flow in the Landfill OU after the
Town of Tonawanda’s phase two capping is complete.
Closure of the Town of Tonawanda Landfill in accordance with the town’s current phase one and
phase two plans would reduce recharge into the landfilled waste and the mounding of the water
table in the Landfill OU would be decreased, resulting in a potential reduction in uranium
leaching to groundwater and thus off-site transport via surface-water drainage.
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2.0 IDENTIFICATION AND SCREENING OF REMEDIAL
TECHNOLOGIES
This section describes the identification and screening of remedial action technologies for the
Landfill OU. Identifying and screening technologies establishes a range of suitable remedial
action technologies to consider further in the detailed analysis.

2.1

Introduction

The purpose of this identification and screening process is to produce a range of suitable
remedial action technologies and process options that can be assembled into remedial
alternatives capable of mitigating the existing contamination at the Landfill OU of the
Tonawanda Landfill Vicinity Property. USEPA’s Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA (USEPA 1988) has established a
structured process for identifying and screening relevant technologies for site remediation.
Selection of a response action proceeds in a series of steps designed to reduce the number of
potential alternatives to a smaller group of viable alternatives from which a final remedy may be
selected. The selection of the site remedial action alternatives involves:









2.2

Identifying preliminary RAOs specific to the contaminated environmental media at the
site (Section 2.2)
Identifying ARARs (Section 2.2.2)
Developing PRGs (Section 2.2.3)
Identifying volumes or areas of media to which GRAs may be applied (Section 2.3)
Identifying GRAs that may be taken to satisfy the RAOs for the site (Section 2.4)
Identifying and screening technologies and process options applicable to GRAs to
eliminate those that cannot be implemented technically at the site. (Section 2.5)
Evaluating the remaining technology process options in terms of effectiveness,
implementability, and cost to select a representative process for each technology type
retained for consideration (Section 2.6)
Assembling the selected technologies and process options into alternatives representing a
range of treatment and containment options, as appropriate (Section 3.0)

Remedial Action Objectives

RAOs consist of media-specific goals for protecting human health and the environment. These
goals take into consideration contaminants and media of interest, exposure pathways, and
associated risk to human health or ecological receptors.
The updated BRA (USACE 2012a) concluded that FUSRAP-related COCs in soil at the Landfill
OU pose potential unacceptable risk should the Landfill OU not be maintained and allowed to
erode over time. Therefore, RAOs were developed for site soils to address this potential
unacceptable risk to human receptors.
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As discussed in Section 1.2.4, groundwater, surface water, and sediment were all eliminated
from further evaluation as media of concern, and therefore media-specific RAOs have not been
developed for them.
The RAO developed for on-site soils present at the Landfill OU of the Tonawanda Landfill
Vicinity Property is to prevent human exposure to FUSRAP-related COCs in soil above ARARbased PRGs.
2.2.1

Constituents of Concern

The FUSRAP-related COCs in soil at the Landfill OU of the Tonawanda Landfill Vicinity
Property are:




Ra-226
Th-230
Total uranium

The updated BRA identified these radionuclides as contributing to unacceptable risk to the
potential future recreational user receptor in the Landfill OU (USACE 2012a). For human health
exposures to FUSRAP-related COCs in soil, Ra-226 and Th-230 are the most significant
contributors to overall risk and radiological dose. Uranium is also present in soil; however, for
direct exposure to soil, uranium only contributes between 1 and 10 percent of total risk or
radiological dose for the trespasser/recreational user receptor. Though Ra-226 and Th-230 are
the risk and dose drivers, all of the FUSRAP-related radionuclide COCs are collocated in site
soils and will be captured by the remedial alternatives.
2.2.2
2.2.2.1

Applicable or Relevant and Appropriate Requirements
Definition of ARARs

Section 121(d)(2) of CERCLA sets requirements with respect to any hazardous substance,
pollutant, or contaminant that will remain on site. Remedial actions must, upon completion,
achieve a level or standard of control that at least attains legally applicable or relevant and
appropriate substantive standards, requirements, criteria, or limitations under federal
environmental law. The actions must also meet any promulgated substantive standard,
requirement, criteria or limitation under a state environmental or facility siting law that is more
stringent than any federal standard, requirement, criteria, or limitation and is identified by a state
in a timely manner.
Identifying ARARs involves determining whether a requirement is applicable, and if it is not
applicable, then whether a requirement is relevant and appropriate. Individual ARARs for each
site must be identified on a site-specific basis. Factors that assist in identifying ARARs include
the physical circumstances of the site, contaminants present, and characteristics of the remedial
action.
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Applicable Requirements: Applicable requirements are defined as:
"those cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federal environmental or
state environmental or facility siting laws that specifically address a hazardous
substance, pollutant, contaminant, remedial action, location, or other circumstance
found at a CERCLA site. Only those state standards that are identified in a timely
manner and that are more stringent than federal requirements may be applicable."
(40 CFR 300.5)
A law or rule is applicable if the jurisdictional prerequisites of the law or rule are satisfied. These
jurisdictional prerequisites include:





Who, as specified by the statute or regulation, is subject to its authority.
The types of substances or activities listed as falling under the authority of the statute or
regulation.
The time period for which the statute or regulation is in effect.
The type of activities the statute or regulation requires, limits, or prohibits.

Possible applicable requirements may be only those state requirements that are (1) promulgated
so that they are of general applicability and legally enforceable, (2) identified by a state in a
timely manner, and (3) more stringent than federal standards.
Relevant and Appropriate Requirements: Relevant and appropriate requirements are defined as:
"those cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federal environmental or
state environmental or facility siting laws that, while not “applicable” to a
hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance at a CERCLA site, address problems or situations sufficiently
similar to those encountered at the CERCLA site that their use is well suited to
the particular site. Only those state standards that are identified in a timely manner
and are more stringent than federal requirements may be relevant and
appropriate." (40 CFR 300.5)
Determining whether a requirement is relevant and appropriate is a two-step process that
involves determining whether the rule is relevant, and, if so, whether it is appropriate. A
requirement is relevant if it addresses problems or situations sufficiently similar to the
circumstances of the remedial action contemplated. It is appropriate if it is well suited to the site.
In determining whether a requirement is both relevant and appropriate, the following factors may
be used to evaluate a requirement:



The purpose of the requirement and the purpose of the response action.
The medium regulated or affected by the requirement and the medium contaminated or
affected at the site.
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The substances regulated by the requirement and the substances found at the site.
The actions or activities regulated by the requirement and the remedial action
contemplated at the site.
Any variances, waivers, or exemptions of the requirement and their availability for the
circumstances at the site.
The type of place regulated and the type of place affected by the release or response
action.
The type and size of structure or facility regulated and the type and size of structure or
facility affected by the release or contemplated by the response action.
Any consideration of use or potential use of affected resources in the requirement and the
use or potential use of the affected resource at the site.

While some requirements within a regulation will be both relevant and appropriate, other
requirements in that same regulation may not be. CERCLA Section 121(e) [42 USC 9621(e)]
provides that no permit is required for the portion of any removal or remedial action conducted
entirely on site. Although no permit is required, on-site actions must comply with substantive
ARARs, but not with related administrative and procedural requirements. For example, remedial
actions conducted on site would not require a permit but must be conducted in a manner
consistent with permitted conditions, based on promulgated requirements found to be ARARs, as
if a permit were required. Off-site activities, such as treatment of liquid waste at an off-site
facility, are directly subject to both substantive and administrative requirements of the pertinent
environmental regulations, including the permit requirements of those facilities. The
management of CERCLA waste off site must be in accordance with the off-site rule 58 FR
49200, Sept. 12, 1993, as codified at 40 CFR 300.440.
To Be Considered Criteria: To be considered (TBC) criteria include non-promulgated advisories
or guidance issued by federal or state governments that are not legally binding and do not have
the status of ARARs. However, TBCs may be used in the absence of ARARs if they are reliable
and useful to the development of remedial alternatives for the site. No TBCs have been identified
for the Landfill OU of the Tonawanda Landfill Vicinity Property.
2.2.2.2

ARARs for the Tonawanda Landfill Vicinity Property

Chemical-specific requirements are media-specific and health-based limits (criteria) developed
for site-specific levels of contaminants. Chemical-specific ARARs are health- or risk-based
numerical values that, when applied to site-specific conditions, can be used to formulate PRGs.
These values reflect potentially acceptable amounts or concentrations of substances
(contaminants) that may remain in affected media or are discharged to the ambient environment.
During the development of this FS, the USACE conducted a detailed evaluation of all potential
ARARs as shown in Appendix B. From that evaluation USACE has identified the following
federal regulations as chemical-specific ARARs for the Landfill OU of the Tonawanda Landfill
Vicinity Property:


10 CFR 40, Appendix A: Relating to the Operation of Uranium Mills and the Disposition
of Tailings or Wastes Produced by the Extraction or Concentration of Source Material
From Ores Processed Primarily for Their Source Material Content
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•
•
•

Criterion 4, Site and Design Criteria
Criterion 6(1), 6(5), 6(6), and 6(7), Closure of Waste Disposal Areas
Criterion 12, Long-term Site Surveillance

10 CFR 40, Appendix A: Criteria Relating to the Operation of Uranium Mills and the
Disposition of Tailings or Waste Produced by the Extraction or Concentration of Source
Material from Ores Processed Primarily for Their Source Material Content
10 CFR Part 40, Appendix A, is the NRC regulation that establishes technical, financial,
ownership and long-term site surveillance criteria relating to the siting, operation,
decontamination, decommissioning and reclamation of licensed uranium and thorium mills and
tailings. Since the Tonawanda Landfill Vicinity Property is not an NRC-licensed site, the
regulation is not applicable.
USACE has determined that parts of 10 CFR Part 40, Appendix A, specifically Criterion 4 Parts
(c) and (d), Criteria 6(1), 6(5), 6(6) with the exception of the requirement for NRC approval, and
6(7), and Criterion 12 with the exception of the reporting requirements, are relevant and
appropriate to the cleanup at the Landfill OU of the Tonawanda Landfill Vicinity Property since
the regulation contains some substantive criteria pertaining to the hazardous substances or the
circumstances of their suspected release at the Landfill OU. Specifically, radionuclides found at
the site (i.e. radium, thorium, and to a lesser extent uranium) are similar in nature to tailings or
wastes produced by the extraction of source material from ores primarily for their source content
(i.e. uranium processing activities).
10 CFR Part 40, Appendix A, Criterion 4: Criterion 4 provides disposal site design and
construction criteria including wind and water erosion controls and siting of disposal facilities to
promote deposition and avoid earthquake faults that are relevant but not appropriate for the
Landfill OU, since it is not a new disposal facility. However, parts (c) and (d) of this criterion
specify requirements for the disposal facility cover that would be relevant and appropriate for
alternatives that utilize a cap to provide the appropriate level of protectiveness.
10 CFR Part 40, Appendix A, Criterion 6: Criterion 6(1) incorporates performance standards for
the disposal area by defining the time frame for long-term effectiveness and establishing radon
emission criteria; this requirement is relevant and appropriate for remedial alternatives that
utilize a cap to provide the appropriate level of protectiveness.
Criteria 6(5) and 6(7) address the design and performance of the cover of a disposal facility.
These requirements would be relevant and appropriate for remedial alternatives that utilize a cap
to provide the appropriate level of protectiveness.
Criterion 6(2), 6(3), and 6(4) are administrative in nature and are therefore not ARARs.
Criterion 6(6) establishes residual soil concentration requirements for radium, as well as
benchmark dose requirements for addressing radionuclides other than radium. These benchmark
doses are used to develop cleanup criteria such that:
“Byproduct material containing concentrations of radionuclides other than radium
in soil, and surface activity on remaining structures, must not result in a total
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effective dose equivalent (TEDE) exceeding the dose from clean up of radium
contaminated soil to the above standard (benchmark dose), and must be at levels
which are as low as is reasonably achievable.”
Under this approach, dose assessments (excluding radon) are conducted to convert the radium
soil standards into a benchmark dose for all the radionuclides at the site. Criterion 6(6)
requirements also address the NRC approval of benchmark dose calculations and approval of
benchmark doses exceeding 100 millirems per year (mrem/yr). The NRC approval portion of
6(6) is administrative and not an ARAR, as USACE does not require NRC approval in
implementing FUSRAP. However, the remaining requirements of Criterion 6(6) are relevant and
appropriate for any remedial alternative that involves excavation.
10 CFR Part 40, Appendix A, Criterion 12: Criterion 12 mandates that the disposition of wastes
at milling sites be implemented so that active maintenance is not required to preserve the
isolation of wastes. The substantive provisions require annual inspections of closed disposal sites
to verify that controls continue to be protective. Periodic inspections are an important component
of institutional controls and are considered to be appropriate.
Although there are some administrative requirements (i.e., all of the reporting requirements) in
Criterion 12 that are not ARARs, the remaining substantive requirements, such as the mandatory
site inspections, are considered to be relevant and appropriate for containment in place
alternatives.
The remaining parts of 10 CFR Part 40, Appendix A are not relevant and appropriate because
they do not provide substantive criteria pertaining to the hazardous substances or circumstances
of their release at the site. In addition, they do not address circumstances sufficiently similar to
the Landfill OU of the Tonawanda Landfill Vicinity Property.
2.2.3

Preliminary Remediation Goals

To be consistent with the CERCLA process, USACE established a cleanup guideline to ensure
compliance with the cleanup standards contained in the ARARs for the Landfill OU of the
Tonawanda Landfill Vicinity Property. As described in Section 2.2.2.2, 10 CFR Part 40,
Appendix A, includes both performance standards and a mechanism to establish cleanup
standards for various radionuclides present on the site. As indicated earlier, the USACE has
identified recreational land use as the reasonable future land use for the Landfill OU.
The USACE computed surface and subsurface soil benchmark doses for the group of individuals
reasonably expected to receive the greatest exposure to contamination at the Landfill OU (i.e.,
the critical group). The critical group for the Landfill OU of the Tonawanda Landfill Vicinity
Property is a recreational (or trespasser) receptor. Both a recreational youth and recreational
adult were evaluated in the updated BRA. The recreational adult is assumed to have a greater
yearly intake of (exposure to) radionuclides, therefore, the benchmark dose and subsequent
uranium PRGs were developed using the recreational adult receptor. Benchmark doses were
calculated for recreational exposure to 5 pCi/g of Ra-226 in the surface soil, and 15 pCi/g of Ra226 in the subsurface soil using dose-to-source ratios developed and presented on Table F.1 of
the updated BRA (USACE 2012a).
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The surface benchmark dose was calculated to be 0.64 mrem/year. The subsurface soil
benchmark dose was calculated to be 1.9 mrem/year. The benchmark doses were divided by the
dose-to-source ratios for each individual radionuclide in order to develop PRGs for each
radionuclide. A dose-to-source ratio represents the yearly dose for a given soil concentration and
is reported with the units mrem/year per pCi/g.
In addition, PRGs from other Tonawanda FUSRAP sites were evaluated to determine whether or
not it would be appropriate to adopt those PRGs for the Landfill OU, as these other sites also
utilized the benchmark dose approach in developing PRGs for uranium. The most recently
developed PRGs were developed for the Seaway FUSRAP Site (USACE 2008a). For that site,
the contributions of protactinium-231 and actinium-227, daughter products of uranium-235 (U235), were included in the development of the total uranium PRG. This was done because the
limited data available for these two radionuclides at the Seaway Site indicated that these two
daughter products are present in Seaway radioactivity at approximately three times the activity of
their parent nuclide, U-235. This is not unexpected, given that the uranium was extracted and
removed from the source term.
No data are available for protactinium-231 and actinium-227 for the Landfill OU of the
Tonawanda Landfill Vicinity Property, however, due to the similarity in source and nature of the
radioactivity at the Landfill OU and Seaway, they will be assumed to be present at the same
relative activity levels at the Landfill OU. Exclusion of these two daughter products from the
dose assessment would underestimate the total dose and produce PRGs for total uranium which
may not be protective. The dose-to-source ratios for actinium and protactinium were each
multiplied by three, and then added to the dose-to-source ratio for U-235. The resulting PRGs for
uranium-234 (U-234), U-235, and U-238 were then combined according to the ratio in which
they occur naturally (1:0.046:1) in order to develop a total uranium PRG. Results for U-238 can
then be used to substitute for total uranium by multiplying the total uranium PRG by 0.489.
If a mixture of radionuclides is present, then the sum of ratios (SOR) approach is used to ensure
that human dose limits are not exceeded per the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM).
In addressing compliance with the ARARs for remedial alternatives that leave soils exceeding
the 10 CFR Part 40, Appendix A standards in place, the performance requirements of 10 CFR
Part 40, Appendix A, Criterion 6(1) would be utilized.
The PRGs for the Landfill OU of the Tonawanda Landfill Vicinity Property are presented in
Table 6.
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Table 6 - PRGs for FUSRAP-Related COCs in Soil at the Landfill OU
FUSRAP-related COC

Units

Backgrounda

Ra-226
Th-230
Total uraniumc
U-238 as total U surrogate

pCi/g
pCi/g
pCi/g
pCi/g

0.95
0.92
1.75
0.86

a.
b.

c.

2.3

Recreational Adult
Surface Soil PRGb
5
14
152
75

Recreational Adult
Subsurface Soil PRGb
15
42
457
224

Average background values for the Landfill OU (Reference: Table 2-7 of the updated BRA [USACE 2012a])
The depth and area requirements as specified in 10 CFR Part 40 Criterion 6(6). Surface soil is defined as 0-15 cm (0-6
in) below ground surface. The PRGs must be achieved (on average) over a 100 square meter (m2) (1,076 square feet
[ft2]) area.
Total uranium is a sum of the isotopes U-234, U-235, and U-238

Contaminated Soil Volume Estimate

The USACE Buffalo District developed an estimate of the total volume of contaminated soil
exceeding PRGs at the Landfill OU of the Tonawanda Landfill Vicinity Property for use in the
detailed analysis of alternatives. This estimation was used to develop conceptual excavation
footprints and associated in situ and ex situ contaminated soil volumes to support cost estimates
used during the detailed analysis of alternatives. The detailed process behind the soil volume
estimate can be found in Appendix C.
2.3.1

Results

The soil contamination footprint derived from the 50 percent confidence level (0.5 probability)
exceedance of SOR shows three distinct areas of contamination with FUSRAP-related COCs in
excess of PRGs. These areas, designated as Areas A, B, and C, are described below and
illustrated in Figure 4 of Appendix C, and are generally located in the northwestern most portion
of the Landfill OU with impacted soil depths varying between 0.6 and 7.3 m (2 and 24 ft) bgs.
The current modeled contaminated soil footprint represents the best estimate of contamination
and does not extend under the current capped area of the landfill.
Area A is the northeastern most soil contamination footprint on the Landfill OU of the
Tonawanda Landfill Vicinity Property, and is comprised mostly of field grasses with some small
trees. There is relatively little surface water flow through the area. Area A is approximately
1,017 m2 (10,951 ft2) or 0.10 hectares (0.25 acres) in size and approximately 0.6 m (2 ft) deep.
Cross-sections of Area A (F-F’) can be found in Appendix C.
Area B is a soil contamination footprint located between Areas A and C. Area B contains willow
and poplar trees and exhibits uranium contaminated surface water that flows from the area. There
is an abundance of wetland plants and field grasses. Area B is approximately 5,408 m2 (58,216
ft2) or 0.54 hectares (1.34 acres) in size and approximately 7.6 m (25 ft) deep. Cross-sections of
Area B (A-A’, B-B’, C-C’, D-D’, and G-G’) can be found in Appendix C.
Area C is the southwestern most soil contamination footprint on the Landfill OU of the
Tonawanda Landfill Vicinity Property. Area C contains relatively little surface water and is
vegetated by field grasses. Area C is approximately 1,498 m2 (16,119 ft2) or 0.15 hectares (0.37
acres) in size and approximately 7.6 m (25 ft) deep. Cross-sections of Area C (E-E’) can be
found in Appendix C.
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Table 7 summarizes in situ and ex situ contaminated soil volume estimates for each of the three
soil contamination footprints at the Landfill OU of the Tonawanda Landfill Vicinity Property.
Table 7 - Total Contaminated Soil Volume Estimate for the Landfill OU
Areaa
A
B
C
Total

In Situ Contaminated
Soil Volume (yd3)b
401
13,376
1,237
15,014

Ex Situ Contaminated
Soil Volume (yd3)c
521
17,389
1,608
19,518

yd3: cubic yards(s)
a. Designated areas represent contaminated soil footprints as illustrated in Figure C-4
of Appendix C.
b. In situ contaminated soil volume estimates were developed using the methodology
discussed in Appendix C.
c. Ex situ contaminated soil volume estimates assumed a 1.3 times bulking factor from
the in situ volume estimate to account for the increase in volume when naturally
compacted soil is excavated.

2.4

Identification of General Response Actions

This section describes the GRAs potentially applicable to the Landfill OU of the Tonawanda
Landfill Vicinity Property. GRAs for the site were based on media of concern and were
determined by defining actions that satisfy the RAOs. The GRAs involve activities that directly
impact soil at the site in order to minimize the potential hazard to human health and the
environment. Each GRA may include several technology types and process options. General
descriptions of the GRAs identified for the site are provided in the following subsections.
2.4.1

Land-use Controls

Land-use controls (LUCs) are administrative, legal and/or physical mechanisms used to protect
human health and the environment from residual contamination and are designed to limit landuse and on-site activities to minimize any potential future exposure. LUCs are typically used in
tandem with physical or engineering measures. LUCs have been identified as a GRA for soil at
the Landfill OU of the Tonawanda Landfill Vicinity Property.
2.4.2

Containment

Containment actions are often performed to prevent, or significantly reduce, the exposure to
contaminants and/or migration of contaminants from soil sources. Containment is necessary
whenever contaminated materials are to be buried or left in place at a site. In general,
containment is performed when extensive subsurface contamination at a site precludes
excavation and removal of wastes because of potential hazards, unrealistic cost, or lack of
adequate treatment technologies. However, due to the fact that the site is a landfill and will be
capped in the future, containment is considered a viable GRA for the Landfill OU.
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2.4.3

Removal

Removal effectively limits mobility of COCs in soil and can facilitate treatment and disposal.
Removal minimizes or eliminates the potential for direct human contact with and migration of
contaminated materials. In addition, removal of saturated soils results in direct or indirect
(dewatering) removal of contaminated groundwater. Furthermore, the removal of contaminated
soil would eliminate the source of contamination and eliminate or reduce any future impact to
groundwater, surface water, sediment, and air. Removal has been identified as a GRA for soil at
the Landfill OU of the Tonawanda Landfill Vicinity Property.
2.4.4

Treatment

Treatment is a process in which the mobility, toxicity, and/or volume of the contaminants are
reduced through one or more of several methods. Treatment may be conducted either ex situ or
in situ, though the methods between them may differ. The main advantage of ex situ treatment is
that it generally requires shorter time periods than in situ treatment. There is also more certainty
about the uniformity of treatment because of the ability to homogenize, screen, and continuously
mix the soil. Ex situ treatment, however, requires excavation of soils prior to implementation,
which leads to increased costs and engineering for equipment, possible permitting, and material
handling/worker exposure conditions. Both in situ and ex situ soil treatment are considered
viable GRA options to address FUSRAP-related COCs in soil at the Landfill OU of the
Tonawanda Landfill Vicinity Property.
2.4.5

Disposal

Disposal actions for the soil media involve the permanent and final placement of the waste
materials in a manner that protects human health and the environment. Contaminated material is
removed from its current location and placed in a permitted disposal facility. Some pretreatment
of the contaminated media may be required in order to meet land disposal restrictions. Disposal
has been identified as a GRA for soil at the Landfill OU of the Tonawanda Landfill Vicinity
Property.

2.5

Identification and Screening of Technology Types and Process Options

This section describes the identification and initial screening of potentially applicable technology
types and process options to meet the RAOs defined in Section 2.2. The term “technology type”
refers to general categories of technologies, such as chemical treatment or capping. The term
“process options” refers to specific processes within each technology type. A summary of the
technology types and associated process options considered to address FUSRAP-related COCs in
soil at the Landfill OU of the Tonawanda Landfill Vicinity Property is shown in Table 8.
In the initial screening phase, technology types and process options are evaluated on the basis of
technical implementability. Technical implementability is based upon the following criteria:


Site Characteristics – Site characteristics (e.g. geologic conditions and soil characteristics)
were examined to determine whether the technology was appropriate for the site.
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Table 8 - General Response Actions and Potential Technology Types and Process Options
GRAs
No Action

Technology Types
None

Process Options
None
Proprietary controls
Governmental controls
Enforcement and permit tools
Informational tools
Site access restrictions
Permanent markers/signage
Groundwater monitoring,
Surface water monitoring,
Sediment monitoring,
Air monitoring
Single-layer
Multilayered
Slurry wall
Sealable-joint, sheet-pile wall
Grout curtain
Conventional earthmoving equipment
Encapsulation
Thermoplastic solidification
Chemical oxidation/reduction
Electrokinetic separation
Soil flushing
Soil vapor extraction
Solidification/stabilization
Magnetic separation
Soil washing
Solar detoxification
Phyto-remediation
Enhanced bioremediation
Bioventing
Land treatment
Vitrification
Thermally enhanced soil vapor extraction
Incineration
Thermal desorption
Pyrolysis
New engineered structure
Existing engineered structure
New engineered structure
Existing permitted disposal facility

Administrative and Legal
Mechanisms
Land-use Controls
Physical Mechanisms

Environmental Monitoring

Capping
Containment
Vertical Barriers
Removal

Soil Excavation

Physical/Chemical

Treatment
Biological

Thermal

On-site Disposal
Disposal
Off-site Disposal
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Contaminant Characteristics – Technologies may be ineffective, unsafe, or otherwise
unsuitable for achieving RAOs because of the characteristics (e.g., volatility, solubility,
density, etc.) of the COCs.
Technology Development – Technology development refers to those emerging technologies
that appear to be applicable to a general group of contaminants, but have not been evaluated
for specific compounds or have only been tested at a laboratory scale with minimal published
data concerning effectiveness. An emerging technology is different from an innovative
technology, which has been demonstrated more at a pilot- or full-scale operation and for
which more performance data are available. Full-scale development of an emerging
technology would require extensive work prior to implementation. For this reason, this type
of technology would be eliminated.

Based upon these criteria, all process options that are applicable or potentially applicable for
remediation of soils at the Landfill OU of the Tonawanda Landfill Vicinity Property are retained
in this initial screening process. Technologies and process options not applicable for remediation
of the contaminated soils are eliminated from further consideration.
2.5.1

Land-use Controls - Administrative and Legal Mechanisms

Administrative or legal mechanisms are types of LUCs that are used to protect human health and
the environment from residual contamination. The four administrative and legal process options
screened here are: Proprietary Controls, Government Controls, Enforcement and Permit Tools,
and Informational Tools.
2.5.1.1

Proprietary Controls

A proprietary control is a private contractual mechanism between the landowner and a third party
that is contained in the deed. Proprietary controls involve placement of restrictions on land
through use of easements or covenants. Proprietary controls give their holders the right to use or
restrict the use of land. These controls are retained for further consideration.
Easements allow the holder to use the land of another or to restrict the uses of the land. The four
types of easements are: (1) appurtenant easements, which provide a specific benefit to a
particular piece of land, such as allowing access to cross the property; (2) easement in gross,
which benefits an individual or company, such as allowing a utility company access to land to
lay a gas line; (3) affirmative easements, which allow the holder to use another’s land in a way
that, without the easement, would be unlawful; and (4) negative easements, which prohibit a
lawful use of land such as creating a restriction on the type of development that can be conducted
on the land. Of these four, the negative easement would be most applicable to controlling actions
at the Landfill OU.
Covenants are promises that certain actions have been taken, will be taken, or will not be taken.
Covenants can bind subsequent owners.
2.5.1.2

Governmental Controls

Governmental controls are restrictions that are implemented and enforced by state and local
governments. They may include zoning restrictions, ordinances, statutes, building permits, or
other provisions that restrict land or resource use at a site. Zoning-use restrictions are imposed
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through a local zoning authority and are intended to prohibit activities that could disturb certain
aspects of a remedy or to control certain exposures not otherwise protected under a remedy.
Zoning restrictions have inherent weaknesses. Zoning laws can be repealed or exceptions can be
granted by the government. These controls are retained for further consideration.
2.5.1.3

Enforcement and Permit Tools

Administrative orders under CERCLA can be used to restrict land use. Enforcement authority
can be used to prohibit a party from specific land use or on-site operations; or require a settling
party to place some other form of control on the property. USACE does not have enforcement
authority; therefore, these tools are not implementable to the Landfill OU. If enforcement
actions are applied to the Landfill OU to address non-FUSRAP materials and can be used as a
component providing protectiveness for FUSRAP-related materials, these enforcement actions
will be acknowledged and included in a Land-use Control Plan.
2.5.1.4

Informational Tools

Informational tools provide information or notification that residual contamination exists on a
property. Common examples include state registries of contaminated properties, deed notices,
and advisories. Due to the nature of some informational devices and their potential to not be
enforceable, it is important to carefully consider the objective of this category of LUCs.
Informational devices are most likely to be used as a secondary “layer” to help ensure the overall
reliability of other LUCs. These tools are retained for further consideration.
2.5.2

Land-use Controls - Physical Mechanisms

The physical LUC process options screened here include site access restrictions and permanent
markers/signage.
2.5.2.1

Site Access Restrictions

Site access restrictions which include the use of physical barriers (fences) and security personnel
can be used to deter unauthorized access to the site. These measures are designed to minimize
the potential for direct human contact with contaminated media. Because the site is not owned by
USACE, it would be necessary to negotiate an agreement with the property owners. These
controls are retained for further consideration.
2.5.2.2

Permanent Markers/Signage

Permanent markers (warning signs), can be used around a contaminated site to warn against
unauthorized access. These measures are designed to minimize the potential for direct human
contact with contaminated media. Because the site is not owned by USACE, it would be
necessary to negotiate an agreement with the property owners. These controls are retained for
further consideration.
2.5.3

Land-use Controls - Environmental Monitoring

Environmental monitoring would be conducted in conjunction with remedial alternatives in order
to evaluate contaminant levels during ongoing remedial actions, to assess the effectiveness of
remedial actions, and to ensure that off-site migration of contaminants is detected and mitigated.
Monitoring would be tailored to the selected remedial alternative so that monitoring objectives
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are realized. An adequate monitoring program considers periodic sampling of all media that
would be affected by the continued presence of contaminants on the site, such as the monitoring
of groundwater, surface water, sediment, and air for radon. Environmental monitoring may be
required where waste is left in place or used during and/or after construction activities to ensure
contaminants are not migrating from the source area or to verify the remedy is protective.
Environmental monitoring is retained for further consideration.
2.5.4

Containment - Capping

Containment response actions prevent contaminant migration and eliminate exposure paths by
physically blocking contact with the contamination. The contaminated media are neither
chemically nor physically changed, nor are the volumes of contaminated media reduced.
Capping is a containment technology that utilizes a barrier between the contaminated media and
the surface, thereby reducing the exposure of humans and the environment to the COCs. Capping
involves covering the contaminated media with a cap sufficiently thick and impermeable to
minimize water infiltration and subsequent migration of contamination to the surface. Capping
also prevents release of contaminated surface soil into the atmosphere as dust particles, which
could potentially be inhaled or re-deposited onto another area.
2.5.4.1

Single-layer Cap

Single-layer caps consist of a barrier layer composed of a single type of material, and may be
constructed of native soil, asphalt or concrete. Single-layer caps are more susceptible to cracking
if not properly maintained; however, they can be effective in reducing direct human contact and
wind and water erosion. Single-layer caps are retained for further consideration.
2.5.4.2

Multilayered Cap

Multilayered caps (composite caps) are the most common capping designs and are not as
susceptible to cracking as single-layer native soil, clay, asphalt, and concrete caps. Multilayered
caps often include synthetic liners as one of the layers. They can be effective in reducing direct
human contact and wind and water erosion. Multilayered caps are retained for further
consideration.
2.5.5

Containment - Vertical Barriers

A vertical barrier is a containment technology that is installed around an area of contamination to
contain source material. Soil containment can be achieved by diverting groundwater flow around
the contaminated soil or by capturing contaminated groundwater from soil areas. Vertical
barriers are typically combined with other treatment options, including caps, in situ treatment, or
groundwater treatment to produce a complete containment system. Vertical barriers are typically
used at sites to confine impacted groundwater, but several types of vertical barriers can also be
used to contain contaminated soil: grout curtains, sealable-joint, sheet-pile walls, and slurry
walls.
2.5.5.1

Slurry Wall

Slurry walls are subsurface barriers that consist of a vertically excavated trench filled with slurry
(generally a mix of bentonite and water or cement, bentonite, and water). Slurry walls are
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typically installed at depths of less than 50 ft. Slurry walls are the most common type of vertical
barrier due to their low relative cost. The use of slurry walls can be limited by the topography,
geology, and the type of contamination at the site. For example, a soil-bentonite slurry will flow
unless the site and confining layer are nearly level (Evanko and Dzombak 1997). Slurry walls are
primarily used as groundwater remedies or to prevent flow of groundwater to a landfill or capped
soil area. Since groundwater is not a medium of concern at the site, slurry walls are not retained
for further consideration.
2.5.5.2

Grout Curtain

Grout curtains are narrow, vertical grout walls installed in the ground by drilling a borehole and
pressure-injecting grout directly into the surrounding soil at closely spaced intervals. The spacing
is such that each borehole with grout intersects the next and forms a continuous wall or curtain.
The grout solidifies and reduces water flow through the contaminated region (USEPA 1996).
Grout curtains may be used up gradient of the contaminated soil area to prevent clean
groundwater from migrating through waste or down gradient of the contaminated soil area to
limit the migration of contaminants. Grout curtains are generally used at shallow depths (30-40 ft
maximum depth). This technique is more expensive than slurry walls; therefore, its use is usually
limited to sealing voids in bedrock (Evanko and Dzombak 1997). Grout curtains are primarily
used as groundwater remedies or to prevent flow of groundwater to a landfill or capped soil area.
Since groundwater is not a medium of concern at the site, grout curtains are not retained for
further consideration.
2.5.5.3

Sealable-Joint, Sheet-Pile Walls

Sheet-pile cutoff walls are constructed by driving vertical strips of steel, precast concrete,
aluminum, or wood into the soil forming a subsurface barrier wall. The sheets are assembled
before installation and driven or vibrated into the ground, a few feet at a time, to the desired
depth. A continuous wall can be constructed by joining the sheets together. The joints between
the sheet piles are vulnerable to leakage, and a number of patented techniques have evolved to
seal them. In addition to different types of joints, a variety of sealants including grout, fly ash,
and cement have been used to seal joints. Sheet-pile walls are primarily used as groundwater
remedies or to prevent flow of groundwater to a landfill or capped soil area. Since groundwater
is not a medium of concern at the site, sheet-pile walls are not retained for further
consideration.
2.5.6

Removal - Excavation

Removal technologies involve the active excavation, handling, and management of contaminated
media prior to some type of treatment and/or disposal action in order to control further migration
of contaminants.
2.5.6.1

Conventional Earth-Moving Equipment

Conventional soil excavation techniques, such as excavators, backhoes, draglines, front-end
loaders, and shovels, are used to remove soil and debris from contaminated areas.
Excavation and removal apply to almost all site conditions; however, such actions may become
cost-prohibitive at great depths or in complex hydrogeologic conditions. Removal via
conventional earth-moving equipment is retained for further consideration.
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2.5.7

Treatment - Physical/Chemical

Physical/chemical treatment uses the properties of the contaminants and/or the contaminated
medium to destroy (i.e., chemically convert), separate, or immobilize the contamination. The
following physical/chemical treatment technologies were considered for the site: encapsulation,
thermoplastic solidification, chemical oxidation/reduction, electrokinetic separation, soil
flushing, soil vapor extraction, solidification/stabilization, magnetic separation, soil washing, and
solar detoxification.
2.5.7.1

Encapsulation

Encapsulation would coat or seal waste with an organic binder or resin. This technology is not
considered technically feasible for the site due to the large volume of fine grained soils (e.g. silts
and clays). Therefore, encapsulation is eliminated from further consideration.
2.5.7.2

Thermoplastic Solidification

Waste is sealed in asphalt, polyethylene, or thermo-setting resins to form a solid matrix. This
technology is not considered technically feasible for the site due to the likely increase of volume
of contaminated material. Therefore, thermoplastic solidification is eliminated from further
consideration.
2.5.7.3

Chemical Oxidation/Reduction

Chemical oxidation/reduction is based on the delivery of chemical oxidants to the contaminated
media in order to destroy contaminants by converting them to innocuous compounds. The
oxidants applied are typically hydrogen peroxide, potassium permanganate, ozone, or, to a lesser
extent, dissolved oxygen. The methods for delivery of the chemical may vary. Chemical
oxidation/reduction has been used for groundwater, sediment, and soil remediation. It has been
used to treat volatile organic compounds (VOCs) and semi-volatile organic compounds
(SVOCs), including pesticides, polycyclic aromatic hydrocarbons (PAHs), and polychlorinated
biphenyls (PCBs) (USEPA 1998). Chemical oxidation/reduction is not applicable to the
FUSRAP-related COCs at the Landfill OU of the Tonawanda Landfill Vicinity Property.
Therefore, chemical oxidation/reduction is eliminated from further consideration.
2.5.7.4

Electrokinetic Separation

Electrokinetic separation is a process that separates and extracts heavy metals, radionuclides, and
organic contaminants from saturated or unsaturated soil, using a low intensity direct current
across electrode pairs that have been implanted in the ground on each side of the contaminated
soil mass.
Contaminants are desorbed from the soil surface and are transported in ionic form to respective
electrodes, depending on their charge. The contaminants may then be extracted to a groundwater
well recovery system or deposited at the electrode and removed. The residuals would likely
require further treatment and/or disposal. Electrokinetic separation has been used with some
success for uranium in moist clays, but removal has been limited for thorium. The problems
associated with the inability to successfully remediate all FUSRAP-related COCs using this
technology indicates an uncertain effectiveness. Therefore, electrokinetic separation is
eliminated from further consideration.
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2.5.7.5

Soil Flushing

Soil flushing is the extraction of contaminants from the soil with water or other suitable aqueous
solutions. Soil flushing is accomplished by passing the extraction fluid through in-place soils
using an injection or infiltration process. Extraction fluids must be recovered from the underlying
aquifer and, when possible, they are recycled. The target contaminant group for soil flushing is
inorganic compounds, including radioactive contaminants. Environmentally compatible
surfactants may be used to increase the effective solubility of some organic compounds. Due to
the low permeability of the soils on site this process would be difficult to implement. Therefore,
soil flushing is eliminated from further consideration.
2.5.7.6

Soil Vapor Extraction

Soil vapor extraction (SVE) is an in situ unsaturated zone soil remediation technology in which a
vacuum is applied to soil to induce the controlled flow of air for the removal of VOCs and some
SVOCs. Vapor leaving the soil may be treated to recover or destroy the contaminants, depending
on local and state air discharge regulations. Geomembrane covers may be placed on the soil
surface to focus the system on soil media and to increase the radius of influence of the extraction
wells. Groundwater depression pumps may be used to reduce groundwater upwelling induced by
the vacuum or to increase the depth of the unsaturated zone. The target contaminant groups for
SVE are VOCs and some SVOCs. SVE is not applicable to FUSRAP-related COCs at the
Landfill OU of the Tonawanda Landfill Vicinity Property. Therefore, soil vapor extraction is
eliminated from further consideration.
2.5.7.7

Solidification/Stabilization

This process produces monolithic blocks of waste with high structural integrity. The
radionuclides do not necessarily interact chemically with the solidification reagents (typically
cement/ash) but are mechanically locked within the solidified matrix. Materials are further
stabilized by the addition of chemical binders, such as cement, silicates, or pozzolans, which
limit the solubility or mobility of waste constituents even though the physical handling
characteristics of the waste may not be changed or improved.
Solidification/stabilization (S/S) can be employed in situ or ex situ. In situ technologies use auger
and injector head systems to apply agents to in situ soil. However, soil having high clay content
and heterogeneous fill may impede uniform mixing and thus in situ immobilization. Long-term
monitoring would be necessary to ensure contaminants do not remobilize. Therefore, in situ S/S
is eliminated from further consideration.
Ex situ S/S techniques involve excavating contaminated soil and machine-mixing it with the
solidifying agent. Ex situ solidification/stabilization may facilitate the transportation and disposal
of the waste since it reduces the mobility of contaminants. Pre-treating contaminated soil may be
required to facilitate the treatment process. Chemical S/S agents such as thermoplastic materials
(e.g., asphalt bitumen, paraffin, polyethylene), thermoplastic polymers (e.g., vinyl ester
monomers, urea formaldehyde, epoxy polymers), and other proprietary additives are best suited
for fine grained soil with small pores (USEPA 1996) such as found at the Landfill OU of the
Tonawanda Landfill Vicinity Property. Therefore, ex situ S/S is retained for further
consideration.
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2.5.7.8

Magnetic Separation

Magnetic separation is used to extract slightly magnetic radioactive particles from host materials
such as water, soil, or air. All uranium compounds are slightly magnetic while most host
materials are nonmagnetic. The process operates by passing contaminated fluid or slurry through
a magnetized volume. The magnetized volume contains a magnetic matrix material such as steel
wool that extracts the contamination particles from the slurry (FRTR 2009). This technology is
still in the demonstration phase, thus magnetic separation is eliminated from further
consideration.
2.5.7.9

Soil Washing

Soil washing can achieve volume reduction of excavated, contaminated soils in two ways: (1) by
dissolving or suspending the contaminants in the wash solution or (2) by concentrating the
contaminants into a smaller volume through particle size separation. Soil washing systems that
incorporate both techniques achieve the greatest success with soils contaminated with
radioactive, heavy metal, and organic constituents. Soils containing large amounts of clay and
silt, such as those at the Landfill OU of the Tonawanda Landfill Vicinity Property, are typically
not effectively treated by conventional soil washing systems. Therefore, soil washing is
eliminated from further consideration.
2.5.7.10

Solar Detoxification

In this process, vacuum extraction is used to remove contaminants from soils. After
condensation, contaminants are mixed with a semiconductor catalyst and fed through a reactor,
which is illuminated by sunlight. Ultraviolet light activates the catalyst, which results in the
formation of reactive chemicals known as radicals. These radicals are powerful oxidizers that
break down the contaminants into non-toxic byproducts, such as carbon dioxide and water.
Target contaminant groups include VOCs, SVOCs, solvents, pesticides, and dyes. The process
may also remove some heavy metals from water (FRTR 2009). Solar detoxification is not
applicable to the FUSRAP-related COCs at the Landfill OU of the Tonawanda Landfill Vicinity
Property. Therefore, solar detoxification is eliminated from further consideration.
2.5.8

Treatment - Biological

Biological treatment is the use of plants and microorganisms, such as bacteria and fungi, to
remediate contaminated soil. While radioactive contaminants cannot be biodegraded, biological
organisms can alter the oxidation state and solubility of those contaminants, thus increasing
mobility, which allows for extraction or removal. In other bioremediation strategies, the opposite
will occur, and the transformed metal or radionuclide may be reduced and precipitate out of
solution, leading to immobilization. The following sections describe the biological treatment
technologies that were considered for the Landfill OU of the Tonawanda Landfill Vicinity
Property.
2.5.8.1

Phytoremediation

Phytoremediation is a remedial process that uses plants to remove, transfer, stabilize, and/or
destroy contaminants in soil or sediment. Phytoremediation may be used for the remediation of
metals, pesticides, solvents, explosives, crude oil, PAHs or landfill leachate. The mechanisms of
phytoremediation include enhanced rhizosphere biodegradation, phytoextraction (also called
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phytoaccumulation), phytodegradation, and phytostabilization. Phytoremediation is an emerging,
rather than an established, technology for remediation, but has shown effectiveness for the
treatment of radiological contaminants in shallow soil. Phytoremediation does not address the
presence of insoluble FUSRAP-related COCs, such as radium and thorium. In addition, site
contamination is found at depths up to 7.6 m (25 ft) below grade and potentially beyond the
rooting depth of phytoremediative plants. Therefore, phytoremediation is eliminated from
further consideration.
2.5.8.2

Enhanced Bioremediation

Enhanced bioremediation is a remedial process in which indigenous or inoculated
microorganisms (e.g., fungi, bacteria, and other microbes) degrade (metabolize) organic
contaminants in soil and/or groundwater, converting them to innocuous end products. Nutrients,
oxygen, or other amendments may be used to enhance bioremediation and contaminant
desorption from subsurface materials. Enhanced bioremediation of soil typically involves the
percolation or injection of groundwater or uncontaminated water mixed with nutrients and
saturated with dissolved oxygen. The primary targets for enhanced bioremediation are metals,
pesticides, solvents, explosives, crude oil, PAHs or landfill leachate. While radioactive
contaminants cannot be biodegraded, biological organisms can alter the oxidation state and
solubility of those contaminants, thus increasing their mobility. As such, enhanced
bioremediation is eliminated from further consideration.
2.5.8.3

Bioventing

In bioventing providing supplemental oxygen to existing soil microorganisms stimulates the
natural in situ biodegradation of aerobically degradable compounds. In contrast to soil vapor
vacuum extraction, bioventing uses low airflow rates to provide only enough oxygen to sustain
microbial activity. Oxygen is most commonly supplied through direct air injection into the
contaminated soil. Bioventing techniques have been used successfully to remediate soils
contaminated by petroleum hydrocarbons, nonchlorinated solvents, some pesticides, wood
preservatives, and other organic chemicals (FRTR 2009). Bioventing is not applicable to the
FUSRAP-related COCs at the Landfill OU of the Tonawanda Landfill Vicinity Property.
Therefore, bioventing is eliminated from further consideration.
2.5.8.4

Land Treatment

Land treatment is a bioremediation technology in which contaminated soils, sediments, or
sludges are tilled into native soil and allowed to interact with native soil and the climate at the
site. The waste, soil, climate, and biological activity interact dynamically as a system to degrade,
transform, and immobilize waste constituents. Soil conditions often are controlled to optimize
the rate of contaminant degradation. Land treatment systems require monitoring and
environmental safeguards. Contaminants that have been successfully treated by land treatment
include diesel fuel, fuel oils, oily sludge, wood-preserving wastes, coke wastes, and certain
pesticides (FRTR 2009). Land treatment is not applicable to the FUSRAP-related COCs at the
Landfill OU of the Tonawanda Landfill Vicinity Property. Therefore, land treatment is
eliminated from further consideration.
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2.5.9

Treatment - Thermal

Thermal treatment uses high temperatures to volatize, decompose, or melt the contaminants. The
following sections describe the thermal treatment technologies that were considered for the
Landfill OU of the Tonawanda Landfill Vicinity Property.
2.5.9.1

Vitrification

This process employs heat in excess of 1,100 degrees Celsius (°C) (2,012 degrees Fahrenheit
[°F]) to melt and convert waste materials into glass or other glass and crystalline products. The
high temperatures destroy any organic constituents with very few byproducts. Materials, such as
heavy metals and radionuclides, are actually incorporated into the glass structure which is,
generally, a relatively strong, durable material that is resistant to leaching. Full-scale vitrification
processes are currently operational at several sites, but vitrification is not widely practiced
because potentially higher costs are involved (Yim and Linga 2000). Because of the uncertainty
associated with implementing vitrification, higher costs, and the availability of other technology
options, vitrification is eliminated from further consideration.
2.5.9.2

Thermally Enhanced Soil Vapor Extraction

Thermally enhanced SVE uses electrical resistance/electromagnetic/fiber optic/radio-frequency
heating or hot-air/steam injection to increase the volatilization rate of SVOCs and facilitate
extraction. The process is otherwise similar to standard SVE, but requires heat resistant
extraction wells. The primary target of thermally enhanced SVE is SVOCs. Since this
technology is not applicable to the FUSRAP-related COCs at the Landfill OU of the Tonawanda
Landfill Vicinity Property, thermally enhanced SVE is eliminated from further consideration.
2.5.9.3

Incineration

Incineration requires high temperatures to volatilize and combust (in the presence of oxygen)
halogenated and other refractory organics in hazardous wastes (FRTR 2009). Auxiliary fuels are
often employed to initiate and sustain combustion. Off gases and combustion residuals generally
require treatment. Incineration only potentially reduces the volume and chemical toxicity of the
waste; it does not however reduce the radioactivity of the waste. Thus incineration is not
applicable to the FUSRAP-related COCs at the Landfill OU of the Tonawanda Landfill Vicinity
Property, and therefore incineration is eliminated from further consideration.
2.5.9.4

Thermal Desorption

Thermal desorption is a physical separation process and is not designed to destroy organics.
Wastes are heated to volatilize water and organic contaminants. A carrier gas or vacuum system
transports volatilized water and organics to the gas treatment system. The bed temperatures and
residence times designed into these systems will volatilize selected contaminants, but typically
will not oxidize them. Based on the operating temperature of the desorber, thermal desorption
processes can be categorized into two groups: high temperature thermal desorption and low
temperature thermal desorption. The primary targets for thermal desorption are VOCs and
SVOCs. Since this technology is not applicable to the FUSRAP-related COCs at the Landfill OU
of the Tonawanda Landfill Vicinity Property, thermal desorption is eliminated from further
consideration.
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2.5.9.5

Pyrolysis

Pyrolysis is the chemical decomposition induced in organic materials by heat in the absence of
oxygen. Pyrolysis typically occurs under pressure and at operating temperatures above 427 °C
(800°F). The target contaminant groups for pyrolysis are SVOCs and pesticides. Since this
technology is not applicable to the FUSRAP-related COCs at the Landfill OU of the Tonawanda
Landfill Vicinity Property, pyrolysis is eliminated from further consideration.
2.5.10 Disposal - On-site Disposal
2.5.10.1

New Engineered Structure

A new engineered structure would consist of the creation of an engineered cell within the current
Landfill OU property boundaries. Additional acreage would be needed for monitoring wells, a
buffer zone, and drainage. For a disposal cell occupying the same footprint as the contamination,
waste soils would be excavated and set aside in a temporary storage area while an impervious
base is built on site. The disposal facility would incorporate engineered barriers into the design
of the bottom clay liner and multilayered cover systems, which would provide isolation of the
waste from the environment. With regards to construction of on-site radioactive disposal cells,
various federal and state laws may apply regarding design requirements and waste acceptance
criteria. For example, many states apply for delegable authority from the USEPA to operate the
RCRA hazardous waste management program. States enact laws outlining the rules for
management of hazardous wastes that are no less stringent than the federal RCRA for this
purpose. A newly constructed on-site engineered structure is retained for further
consideration.
2.5.10.2

Existing Engineered Structure

The existing on-site disposal facility could be utilized and then any necessary landfill cap
enhancements could be performed. A multilayered cover system would then be utilized to
provide isolation of the waste from the environment. With regards to the use of on-site
radioactive disposal cells, various federal and state laws may apply regarding design
requirements and waste acceptance criteria. For example, many states apply for delegable
authority from the USEPA to operate the RCRA hazardous waste management program. States
enact laws outlining the rules for management of hazardous wastes that are no less stringent than
the federal RCRA for this purpose. Use of the existing on-site engineered structure is retained
for further consideration.
2.5.11 Disposal - Off-site Disposal
2.5.11.1

New Engineered Structure

Under the new engineered structure process option, contaminated materials would be excavated
and transported to a newly constructed facility for permanent disposal. For placement in a newly
constructed off-site facility, the USACE would have to purchase land and construct a disposal
cell in a fashion similar to that described above. Permanent disposal at a newly constructed
facility is retained for further consideration.
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2.5.11.2

Existing Permitted Disposal Facility

Under the existing permitted disposal facility process option, contaminated materials would be
excavated and transported to a commercially-permitted disposal facility. All of the existing
commercial disposal facilities for soil and debris use shallow-land burial technology. For this
disposal option, the receiving facility will be responsible for conducting long-term maintenance
during the lifetime of the radiological landfill cell. The receiving facility would need to have all
appropriate permits or licenses. A commercially-permitted disposal facility is retained for
further consideration.
2.5.12 Summary of Initial Screening of Technology Types and Process Options
The initial screening results for these potentially applicable technology types and associated
process options are shown in Table 9. Shaded entries in Table 9 indicate that the technology type
or process option was eliminated from further consideration. In accordance with the RI/FS
guidance (USEPA 1988), these options are initially evaluated with respect to technical
implementability. Those technology processes considered to be implementable are then
evaluated in greater detail in Section 2.6.
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Table 9 - Identification and Screening of Technologies
GRA

Technology Type

Process Options

Description
Contractual mechanisms based upon
private property law (e.g. deed
covenants, easements) may be placed
on the site to prevent a landowner from
disturbing contaminated soil.

Proprietary controls

Government controls

LUCs may be placed on the site by
governing municipality to control the
types of land use allowed.

Enforcement and permit tools

Administrative orders or consent
decrees that can be used to restrict the
use of land.

Informational tools

Registries, deed notices, and/or
advisories may be used to notify future
landowners of residual or capped
contamination.

Administrative and Legal
Mechanisms

Land-Use Controls

Access to an area can be restricted
through the use of fences, or security
surveillance.

Site access restrictions
Physical Mechanisms

Environmental Monitoring

Containment

Permanent markers/signage

Access to an area can be restricted
through the use of permanent
markers/signage.

Monitoring of groundwater, surface water, sediment, and air

Environmental monitoring may be
instituted to detect contaminant
migration.

Single-layer cap

Area of contamination is covered with
a single-layer barrier.

Multilayered cap

Area of contamination is covered with
a multilayered barrier.

Capping
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Screening Comments
Retained
May be used to limit the future land-use
options, depending upon the alternative chosen
and the amount of residual contamination left
in place.
Retained
May be used to limit the future land-use
options, depending upon the alternative chosen
and the amount of residual contamination left
in place.
Not Retained
USACE does not have enforcement authority.
Retained
May be used to limit the future land-use
options, depending upon the alternative chosen
and the amount of residual contamination left
in place.
Retained
May be used in conjunction with all
alternatives during implementation to prevent
incidental exposure to contaminated soil.
Retained
May be used in conjunction with all
alternatives during implementation to prevent
incidental exposure to contaminated soil.
Retained
Not suitable as a standalone remedy and needs
to be combined with other process options to
be protective/effective.
Retained
Requires long-term maintenance and limits
future use. Capping technology could be used
in conjunction with other components of a
remedial action to ensure compliance with
ARARs.
Retained
Requires long-term maintenance and limits
future use. Capping technology could be used
in conjunction with other components of a
remedial action to ensure compliance with
ARARs.

GRA

Removal

Technology Type

Process Options

Vertical Barriers

Grout curtain, sealable joint sheet pile walls, slurry walls

Excavation

Conventional earth-moving equipment

Encapsulation

Coat waste with an organic binder or
resin.

Thermoplastic solidification

Waste is sealed in asphalt,
polyethylene, or resins to form a solid
matrix.

Chemical oxidation/reduction

Electrokinetic separation

Soil flushing
Treatment

Description
Area of contamination is surrounded by
a subsurface barrier that forms a
continuous wall or curtain that prevents
GW intrusion.
Mechanically or hydraulically operated
units such as excavators, front-end
loaders, and/or hand tools are used for
trenching and other subsurface
excavation.

Physical/Chemical
Soil vapor extraction

Solidification/stabilization

Use of chemical oxidants to destroy
contaminants by converting them to
innocuous compounds.
Separates and extracts heavy metals,
radionuclides, and organic
contaminants from soil using direct
current across electrode pairs.
Extraction of contaminants from the
soil with water or other aqueous
solutions.
Vacuum is applied to soil to include the
controlled flow of air for removal of
VOCs and SVOCs.

Soil is mixed with stabilizing agents to
immobilize contaminants within soil
matrix.

Extract slightly magnetic radioactive
particles from host materials.

Magnetic separation

Ex situ treatment; contaminants are
removed from soil using washing fluid
(usually water) with appropriate
surfactants.

Soil washing
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Screening Comments
Not Retained
Process option typically used to confine
impacted groundwater.
Retained
Appropriate for use in excavating, loading, and
moving contaminated soils.
Not Retained
Not feasible due to the large volume of fine
grained soils.
Not Retained
Not feasible due to the likely increase of
volume of contaminated material.
Not Retained
Primary targets are VOCs and SVOCs.
Not Retained
Inability to successfully remediate all
FUSRAP-related COCs using this technology.
Not Retained
Due to low permeability of soils on site this
process would be not technically feasible.
Not Retained
Primary targets are VOCs and SVOCs.
Retained for ex situ treatment
Effective in immobilizing contaminants, may
increase volumes.
Not Retained for in situ treatment
This is due to high clay content and
heterogeneous fill.
Not Retained
Technology is still in the demonstration phase.
Not Retained
Geotechnical samples indicate that
contaminated site soil contains significant silt
and clay fractions which reduce effectiveness.

GRA

Technology Type

Process Options
Solar detoxification

Phytoremediation

Enhanced bioremediation
Biological

Provide supplemental oxygen to
existing microorganisms to stimulate
natural biodegradation.

Bioventing

Contaminated soils, sediments, or
sludges are tilled into native soil.

Land treatment

Screening Comments
Not Retained
Primary targets include VOCs, SVOCs,
solvents, pesticides, and dyes.
Not Retained
Not effective for insoluble FUSRAP-related
COCs (i.e. radium and thorium).
Not Retained
Biological organics can alter the oxidation
state and mobilize contaminants.
Not Retained
Primary targets are petroleum hydrocarbons,
nonchlorinated solvents, pesticides, wood
preservatives, and other organic chemicals.
Not Retained
Primary targets are diesel fuel, fuel oils, oily
sludge, wood preserving waste, coke wastes
and pesticides.

Melts and converts waste materials into
glass or other glass and crystalline
products.

Not Retained
This is due to uncertainties associated with
implementation, higher costs, and the
availability of other technology options.

Thermally enhanced soil vapor extraction

Uses various methods to increase the
volatilization rate of SVOCs and
facilitate extraction.

Not Retained
Primary target is SVOCs.

Incineration

Waste heated to high temp (1,400 –
2,200ºF) to volatilize and combust
wastes.

Not Retained
Potentially reduces volume and chemical
toxicity, does not reduce the radioactivity of
waste.

Vitrification

Thermal

Waste is heated to volatilize water and
organics then treated with a gas
treatment system.
Contamination heated in the absence of
oxygen.

Thermal desorption
Pyrolysis

New engineered structure
Disposal

Description
Vacuum extraction after which
contaminants are mixed with catalyst
and fed into a reactor illuminated by
sunlight.
Use of plants to remove, transfer,
stabilize, and or destroy contaminants
in soil or sediment.
Indigenous or inoculated
microorganisms degrade organic
contaminants in soil.

Design and construct a disposal facility
on site.

On-site Disposal
Existing engineered structure
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Utilize the existing on-site disposal
facility and perform any necessary
landfill cap enhancements.

Not Retained
Primary targets are VOCs and SVOCs.
Not Retained
Primary targets are SVOCs and pesticides.
Retained
Requires long-term maintenance and may limit
future use. Could be used in conjunction with
other components of a remedial action to
ensure compliance with ARARs.
Retained
Requires long-term maintenance. Could be
used in conjunction with other components of
a remedial action to ensure compliance with
ARARs.

GRA

Technology Type

Process Options

Description

New engineered structure
Off-site Disposal
Existing permitted disposal facility
Note: Shading indicates that the technology or process option was eliminated from further consideration.
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Construct an engineered structure off
site.
Transport treated and/or untreated soils
meeting waste acceptance criteria to a
permitted off-site disposal facility.

Screening Comments
Retained
Requires long-term maintenance and limits
future use.
Retained
If contaminants are within the disposal
facility’s waste acceptance criteria.

2.6

Evaluation of Technologies and Process Options

In this section, the technologies and processes considered to be implementable are evaluated in
greater detail before the selection of representative technologies that are then assembled as
remedial alternatives. The technologies are evaluated in terms of effectiveness, implementability
and cost criteria, as described below. A summary of the remedial technologies and process
options for soil to be evaluated is presented in Table 10.
Table 10 - Summary of Retained Technologies and Process Options after Initial Screening
GRA

Land-use
Controls

Technology Type
Administrative and Legal
Mechanisms
Physical Mechanisms
Environmental Monitoring

Containment

Capping

Removal
Treatment

Excavation
Physical/Chemical
On Site

Disposal
Off Site

Process Options
Proprietary controls
Government controls
Informational tools
Site access restrictions
Permanent markers/signage
Monitoring of groundwater, surface water,
sediment, and air
Single-layer cap
Multilayered cap
Conventional earth-moving equipment
Ex situ solidification/stabilization
New engineered structure
Existing engineered structure
New engineered structure
Existing permitted disposal facility

Effectiveness, at this point, will be evaluated based on a consideration of (1) the potential
effectiveness in handling the estimated areas or volumes of media and meeting the RAOs, (2) the
potential impacts to human health and the environment during construction and remediation, and
(3) how proven and reliable the process is with respect to the contaminants and conditions at the
site.
The criterion of effectiveness measures the ability to effectively protect human health and the
environment by reducing the toxicity, mobility, or volume of contaminants. Short-term
protection involves reducing existing risks to the community and workers during implementation
of remedial actions. The ability of a technology to meet PRGs was evaluated. The time required
for the technology to achieve the PRGs was also considered, including the potential length of
exposure to which the local public may be subjected. The criterion also includes long-term
protectiveness and addresses the magnitude of residual risk and the long-term reliability. The
technologies were also evaluated for their effectiveness in preventing further exposure to residual
contamination.
Implementability encompasses both the technical and administrative feasibility of implementing
a technology process. The assessment of short-term technical feasibility considers the ability to
construct the given technology and the short-term reliability of the technology. The evaluation of
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long-term technical feasibility considers the following factors: the ease of undertaking additional
remedial action if necessary, monitoring the effectiveness of the given remedy, operations and
maintenance (O&M) requirements, administrative feasibility for implementing a given
technology by reviewing the ability to obtain approvals from other agencies, the likelihood of
favorable community response, and the need to coordinate with other agencies.
Cost is evaluated in a comparative manner (i.e., low, moderate, or high) for technologies of
similar effectiveness or implementability. The cost criterion includes capital costs and O&M
costs. The O&M costs are estimated for a 1,000-year performance period where there are
hazardous substances, pollutants, or contaminants that may pose a threat to human health or the
environment remaining at the site. Costs for each technology are rated qualitatively on the basis
of engineering judgment as high, moderate, or low by comparison to the costs of similar
technologies.
Of the 34 process options assessed for the remediation of soil, 20 were eliminated due to (1) site
characteristics, (2) contaminant characteristics, and (3) technology development. Table 11
summarizes the technologies and process options that passed the initial screening and are
retained for further consideration.
Below, each technology and associated process option listed in Table 11 is screened further
based upon its effectiveness, implementability, and cost.
2.6.1

Land-use Controls – Administrative and Legal Mechanisms

Any remedial alternative developed during the FS requiring a restricted land use in order to be
protective should include components that will ensure that the remedy remains protective. As
described in Section 2.5.1, administrative and legal mechanisms are a type of control used to
protect human health and the environment from residual contamination. Controls at the site
would be set in place to ensure that the portion of the property containing FUSRAP-related
material would not be used for residential purposes to ensure the conditions of the record of
decision (ROD) are met. This could include proprietary controls such as deed covenants and
easements that would prevent a landowner from disturbing contaminated soils; government
controls set in place by the governing municipality to control the types of land use allowed; or
informational tools such as, registries, deed notices, and/or advisories that may be used to notify
future landowners of residual or capped contamination. Depending on specific site
circumstances, LUCs may not by themselves be protective/effective, in which case they could
not be the sole component of the site remedy. However, in this case administrative and legal
mechanisms can be protective/effective when used in combination with other process options.
Effectiveness: LUCs increase protection of human health and the environment over baseline
conditions by limiting use of the site via deed or land-use restrictions. To implement deed or
land-use restrictions, the federal government would need to purchase the property outright,
negotiate deed restrictions with the property owner, or land-use restrictions would have to be
imposed by the appropriate state or local governmental authority.
Although LUCs would limit exposure to residual contamination, they would not reduce the
mobility or volume of the contamination; additionally LUCs in and of themselves will not
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protect against natural soil erosion, so a LUC-only alternative would not be protective.
Therefore, the effectiveness of administrative and legal LUCs is rated as low.
Implementability: Deed restrictions can be implemented, but may require negotiations and
agreements with the Town of Tonawanda. It would be possible to secure land-use restrictions
through the various zoning jurisdictions in the area, but present uses would not be affected; only
future uses would be governed by new land-use regulations.
Coordination with the public health department, state, and local governments would be required
to restrict the issuance of well installation permits. If the federal government purchases the
property, it can place conditions, covenants, or restrictions in the deed as it deems appropriate, so
long as the restrictions are compatible with state laws. However, currently USACE must
negotiate any deed restrictions with the site owner, the Town of Tonawanda. Land-use
restrictions secured from local governments could limit or bar future site development or use by
rezoning the property. Currently there are no agreements in place between the federal
government and the Town of Tonawanda.
The implementability of administrative and legal LUC mechanisms is rated moderate.
Cost: The cost estimate for implementing LUCs would include moderate costs. Although
unlikely, the costs associated with imposition of LUCs must include the costs of acquiring
landowner property rights. Potential legal fees and compensation for deed restrictions and
property purchases could increase the costs of this alternative. Deed restrictions negotiated with
the property owner could generate significant legal fees, depending on the length and success of
negotiations. The lower bounding cost would be only legal fees; however, the upper bounding
cost would be full purchase of property at fair market value. Administrative and legal
mechanisms would require low to moderate costs.
Evaluation Results: Administrative and legal mechanisms retained include land-use notices,
easements, deed notices, well-use advisories, well-drilling prohibitions, zoning restrictions, and
government ownership.
2.6.2

Land-use Controls – Physical Mechanisms

Any remedial alternative developed during the FS requiring restricted access in order to be
protective should include components that will ensure that the remedy remains protective.
Physical controls at the site would be set in place to prevent access to the portion of the property
containing FUSRAP-related material. These actions could include site access restrictions and/or
permanent markers/signage. Depending on specific site circumstances, LUCs may not by
themselves be protective/effective, in which case they could not be the sole component of the site
remedy. However, in this case physical mechanisms can be protective/effective when used in
combination with other process options.
Effectiveness: LUCs increase protection of human health and the environment over baseline
conditions by limiting direct access to the site using passive or active site security measures.
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To implement passive or active site security measures, the federal government would need to
purchase the property outright, negotiate access restrictions and signage with the property owner,
or access restrictions and signage would have to be implemented by the appropriate state or local
governmental authority.
Although LUCs would limit exposure to residual contamination, they would not reduce the
mobility or volume of the contamination; additionally LUCs in and of themselves will not
protect against natural soil erosion, so a LUC-only alternative would not be protective.
Therefore, the effectiveness of physical LUCs is rated as low.
Implementability: Fencing, security surveillance, along with permanent markers and signage is
readily implemented as a means to control site access.
LUCs would not be difficult to implement at the site because the site has a single owner.
If the federal government purchases the property, it can place conditions or restrictions in site
access as it deems appropriate, so long as the restrictions are compatible with state laws.
However, currently USACE must negotiate any access restrictions with the site owner, the Town
of Tonawanda.
The implementability of physical LUC mechanisms is rated high.
Cost: The cost estimate for implementing physical mechanisms would require low to moderate
costs.
Evaluation Results: Physical mechanisms retained include fencing, security surveillance, and/or
physical barrier signs.
2.6.3

Land-use Controls - Environmental Monitoring

Environmental monitoring may be required where FUSRAP-related material is left in place or
used during and/or after construction activities to ensure contaminants are not migrating from the
source area or to verify the remedy is protective. It should be noted that environmental
monitoring by itself is not protective/effective. Monitoring is not a standalone technology type
and needs to be combined with other technology types to be protective/effective. An adequate
monitoring program considers periodic sampling of all media that would be affected by the
continued presence of contaminants on the site, such as the monitoring of groundwater, surface
water, sediment, and air.
Groundwater Monitoring: Groundwater monitoring would consist of radiological analyses of
wells both up gradient and down gradient of the contaminated soil footprint in order to assess
potential impacts from contaminated soils.
Surface-Water Monitoring: Surface-water monitoring would include radiological monitoring of
surface water both up gradient and down gradient of the contaminated soil footprint in order to
determine whether dissolved contamination is present and whether it has any adverse
environmental or health and safety impacts.
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Sediment Monitoring: Sediment monitoring would include radiological monitoring of sediments
in surface water conveyances both up gradient and down gradient of the contaminated soil
footprint in order to determine whether contaminated sediment is present and whether it has any
adverse environmental or human health and safety impacts.
Air Monitoring: Short-term monitoring of un-remediated soil areas would consist of perimeter
air and particulate monitoring to determine if contaminated particulate or radiation levels are
exceeding proposed levels protective of human health.
Effectiveness: A short- and/or long-term environmental monitoring program would be effective
for determining the migration of radiological contaminants present at the site. However, since
monitoring does not reduce contaminant levels, the effectiveness of monitoring is rated as
moderate.
Implementability: The implementability of conducting a monitoring program is rated as high as
there is currently an environmental monitoring program being conducted at the site.
Cost: The estimated monitoring cost is low capital and moderate O&M.
Evaluation Result: Since groundwater, surface water, and sediment are not media of concern for
the Landfill OU, their respective monitoring process options are removed from further
consideration. Air monitoring is retained for use in developing remedial alternatives.
2.6.4

Capping - Single-layer and Multilayered Caps

Capping is a containment technology that provides a barrier between the contaminated material
and potential receptors, resulting in reduced exposures. In addition, capping reduces the mobility
of contaminants.
Effectiveness: Capping does not reduce the toxicity or volume of the contaminated media.
However, capping does reduce exposures by physically separating the contaminated soils from
potential receptors. Capping also may reduce the mobility of contaminants because it would
reduce the infiltration of precipitation and vertical contaminant transport if maintained. The cap,
with regular maintenance and land-use controls, would eliminate the potential for direct contact
(absorption, ingestion, or inhalation) and minimize potential exposure to external gamma
radiation and radon gas, as well as prevent erosion of the current soil surface.
The effectiveness of capping is rated moderate to high dependent upon the type of capping
media.
Implementability: Capping is a proven technology that is physically implementable. Materials
and equipment are readily available for cap construction, although weather, topography, and
subsurface conditions may affect the ease of implementation. No off-site activity is required to
treat, store, or otherwise manage the contaminated soil because the technology is in situ.
Construction could be accomplished within a reasonable amount of time.
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Administrative activities would be required to support the long-term environmental monitoring,
inspection, and maintenance program required throughout the 1,000-year performance period. It
is assumed that governmental agency oversight of the containment action would be present along
with durable institutional controls to ensure protectiveness over time.
Although no technical problems are anticipated that would limit the implementability,
containment options at some FUSRAP sites have been opposed by several local stakeholders,
including government officials. Additionally the proposed cap may obstruct the Town of
Tonawanda’s ability to comply with the following siting provision in 6 NYCRR Part 3602.13(a)(1), for new landfills or lateral and vertical expansions of existing landfills, since the
proposed cap would encroach into the 100-foot buffer to the property line.
“The minimum horizontal separation between deposited solid waste in the landfill
and the property line must be 100 feet.”
The technical implementability of capping is rated as high. The administrative implementability
is rated as moderate since the Town may be required to acquire a waiver from the
aforementioned siting provision. Therefore, the overall implementability is rated as moderate.
Cost: Implementing containment process options would require moderate capital costs and
moderate O&M costs. Construction costs associated with containment options could be
estimated with a relatively high degree of accuracy since the impacted areas of the site are
accurately defined. Due to its greater complexity the costs to construct and maintain a
multilayered cap would likely be slightly higher than those for a single-layer cap.
Evaluation results: The effectiveness of the cap is rated as moderate to high depending upon the
type of cap utilized. The implementability of a capping option is rated as moderate due to some
difficulty with administrative implementability. Costs for the capping option are rated as
moderate. All of the capping options limit exposure and reduce contaminant mobility. Therefore,
only the single-layer cap is retained as the capping representative process option for further
consideration.
2.6.5

Excavation - Conventional Earth-Moving Equipment

Removal technologies protect human health and the environment by physically separating the
contaminated soil from potential receptors. The removal process option retained for further
evaluation is soil excavation.
Effectiveness: Soil removal increases protection of human health and the environment by
reducing future potential exposures. During implementation, there is possible short-term risk
from fugitive dust emissions, which would be readily managed by implementing a health and
safety plan and an environmental protection plan. Although air quality could be adversely
affected by the release of particulates, mitigation measures, such as dust suppression methods
and use of proper safety procedures and equipment, would be implemented to minimize any
increased risk to on-site workers during remedial activities. Short-term risks, including
occupational injuries and a risk of fatalities, increase as the volume of soil being handled

66

increases. Excavation is more effective when used with characterization activities to identify
excavation boundaries, which limit under excavation and over excavation of soil.
Removing contaminated soil reduces the mobility and exposures of radiological contaminants to
humans and the environment at the site; therefore, the effectiveness of soil excavation is rated
high.
Implementability: Soil excavation uses readily available resources and conventional earthmoving equipment. Construction of temporary roads and a staging area for stockpiling and
loading excavated soils, soil erosion control, excavation dewatering, water treatment, dust
control, and additional clearing and grubbing may be necessary. Administrative coordination
between remediation activities and the Town of Tonawanda operations would be necessary. The
disposal technology type is generally combined with excavation. The implementability of soil
excavation is rated high.
Cost: Costs related to soil excavation depend upon the volume of contaminated soil requiring
excavation. The cost of soil excavation for the site is rated moderate; however, excavation must
be combined with treatment or disposal and those costs may be high.
Evaluation Results: The effectiveness of soil excavation is rated high since it will reduce the
mobility of contaminants to the environment and exposures to humans at the site. The
implementability of soil excavation is rated high, as the technology uses readily available
resources and conventional equipment. The cost of soil excavation is rated as moderate. Soil
excavation is retained for further consideration.
2.6.6

Treatment – Ex Situ Solidification/Stabilization

Ex situ solidification and stabilization (S/S) is the only physical/chemical treatment
technology/process option retained for further consideration after the initial screening.
S/S technologies reduce the mobility of radioactive contaminants and metals through physical
and chemical processes. In the solidification process, contaminants are physically bound or
enclosed in an impervious matrix. Stabilization involves the addition of a stabilization agent that
induces a chemical reaction between the stabilization agent and the contaminants, which results
in reduced contaminant mobility.
Effectiveness: S/S does not reduce the volume of contaminants; however, the technology has
been proven to greatly reduce the mobility of the contaminants, thus protecting human health and
the environment by reducing potential exposure routes. The volume of treated material will
increase due to the addition of stabilization agent. The increase in volume depends on the amount
of stabilization agent required to effect stabilization.
The effectiveness of S/S is rated as moderate given that S/S is a proven technology that is
effective in reducing mobility of contaminants, but may increase volume and thus disposal costs.
Implementability: S/S is well demonstrated and easy to implement, as conventional materials and
widely available equipment are used in the process. Metals and all classes of radioactive
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contamination are treatable by this technology. Detailed characterization of the site and treated
soil would be required to determine the suitability. The implementability of S/S is rated moderate
due to the need for treatability studies.
Cost: Costs can vary based on specific soil conditions, contaminants, and availability of
solidification agents. In addition, ex situ costs for transportation and off-site disposal of the
solidified material play a role in the overall cost. High costs may reflect in-drum mixing
techniques. For ex situ S/S process, overall the cost has been rated as moderate.
Evaluation Results: The effectiveness, implementability, and cost for the ex situ S/S process has
been rated as moderate. Ex situ S/S will be conducted as required to meet waste acceptance
criteria for the disposal of comingled non-FUSRAP constituents exceeding federal Toxicity
Characteristic Leaching Procedure (TCLP) limits. As such ex situ S/S will not be retained for
further consideration as an independent process option for further screening, but may be included
as a component of remedial alternatives requiring contaminated soil excavation.
2.6.7

On-site Disposal – New/Existing On-site Engineered Structure

Under this option, an encapsulated, above-ground disposal cell would be constructed at the site
or the current Town of Tonawanda municipal landfill would be utilized to dispose of FUSRAPrelated COCs in soil. Contaminated soils would be excavated and replaced with acceptable fill
material. At closure, wastes would be covered by a multilayered cap to control erosion and
minimize the generation of leachate resulting from the infiltration of precipitation.
Effectiveness: An on-site engineered structure would be effective in reducing direct radiation,
inhalation, and dermal exposures to acceptable levels for human receptors at the surface. It may
also inhibit migration of contaminants by preventing infiltration of surface water into
contaminated media. The cap over the engineered structure would have to be maintained as long
as contamination exists, and institutional controls would be required to restrict site access.
Potential short-term risks to workers and the community resulting from excavation and
construction activities would be considered. Potential exposure pathways include ingestion,
inhalation of particulates, dermal absorption, and external exposure to ionizing radiation. The
short-term risks to a worker resulting from excavation activities, transport of wastes, and
construction of an on-site cell are not expected to exceed acceptable limits due to implementation
of a site health and safety plan and the use of mitigation measures such as dust suppression
methods. The effectiveness of on-site disposal into a new/existing engineered structure is rated as
high.
Implementability: On-site disposal would be technically implementable since construction of the
cell could be accomplished using readily available equipment and conventional techniques.
Construction could be accomplished within a reasonable amount of time and there is a sufficient
amount of area available on site to construct a new disposal cell or utilize the existing municipal
landfill.
Administrative activities would be required to support the long-term environmental monitoring,
inspection, and maintenance program required throughout the 1,000-year performance period. It
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is assumed that governmental agency oversight of the on-site disposal cell would be present
along with durable institutional controls to ensure protectiveness over time.
Although no technical problems are anticipated that would limit the implementability of on-site
disposal, containment options at some FUSRAP sites have been opposed by several local
stakeholders, including government officials.
The technical implementability of on-site disposal is rated as high. The administrative
implementability is rated as low. Therefore, the overall implementability is rated as low.
Cost: Implementing a newly constructed on-site cell option would require high capital costs and
moderate O&M costs. However, use of the existing engineered structure would require moderate
capital and moderate O&M costs.
Evaluation Results: The effectiveness of on-site disposal is rated as high. The technical
implementability of an on-site disposal option is rated as high, but the administrative
implementability is rated low. Capital costs associated with an on-site cell option would be
moderate to high capital with moderate O&M costs. Although on-site disposal in either a new
engineered structure or use of an existing structure would limit exposure and reduce contaminant
mobility, it is not retained for further consideration due to administrative implementability
complexity associated with regulatory requirements.
2.6.8

Off-site Disposal - New/Existing Disposal Facility

The off-site disposal options under consideration include the use of an existing disposal facility
and the construction of a new disposal facility. An existing facility would have appropriate
federal and state permitting requirements in place, whereas construction of a new facility would
require that these permitting requirements be met.
Disposal of contaminated material in an off-site landfill would reduce mobility and exposures to
radiologically contaminated soil at the site. After soil has been excavated and any necessary
treatment implemented, sampling and analysis of soil would be conducted to develop a waste
profile to confirm that the waste achieves applicable Waste Acceptance Criteria (WAC) before
disposal.
Soil must be appropriately disposed of at a properly permitted disposal facility. Soil that exhibits
RCRA-hazardous characteristics (e.g., toxic characteristic leaching procedure) must be
appropriately treated and disposed of in a properly permitted facility.
Similarly, radiologically contaminated materials must be disposed of in a properly permitted
RCRA facility or licensed, low-level radioactive waste facility, consistent with regulations and
applicable WAC. Subtitle C landfill facilities are commonly permitted to accept both RCRA and
Toxic Substances Control Act (TSCA) hazardous waste, along with material that meets the
unimportant quantities of source material exemption criteria of 10 CFR 40.13(a).
Based on a review of site soils investigation data, it is anticipated that all of the contaminated
soils requiring off-site disposal will consist of soils and debris containing natural radioactive
69

constituents, and possibly some level of RCRA hazardous waste, that must be disposed of in a
properly permitted facility. Confirmatory waste characterization evaluations would be performed
as an integral part of remedial actions.
Waste generated as a result of a removal action would be transported to the off-site disposal
facility in trucks, railcars, or intermodal containers that can be transported by truck or rail. The
transport of wastes to an off-site disposal facility would comply with Department of
Transportation (DOT) regulations and directives as well as other applicable federal regulations.
Specific requirements would include waste profiling and a comparison of waste profiles to WAC
to determine acceptability of waste at a given facility. Additionally, requirements for
manifesting, packaging, marking, and labeling waste packages; placarding transport vehicles;
choosing appropriate waste transporters and shipment destinations; and recordkeeping and
reporting would be required.
Effectiveness: No reduction in the volume of contaminated material would be achieved by this
option, but future risk to on-site receptors will be reduced by removing the contaminated
material from the site; risk is transferred to the off-site facility that is located and designed to
manage the associated risk. The effectiveness of off-site disposal is rated as high.
Implementability: The implementability of off-site disposal would largely depend on the
availability of appropriate disposal facilities. Properly licensed or permitted disposal facilities
exist in the United States that can accept waste from the Landfill OU. The volume of radiological
soil that requires disposal is not prohibitive for acceptance at these facilities. Facilities also exist
for any potential RCRA Subtitle C waste from the site. In addition, regulated or licensed
transporters are available to handle the waste.
Implementation of off-site disposal would involve characterizing the FUSRAP-related materials
designated for off-site disposal and confirming that the materials are in conformance with the
acceptance criteria specified by the designated disposal facility. Off-site disposal is the most
common remedial response action currently implemented to remediate radionuclides in soils.
Off-site disposal would be completed with conventional equipment and techniques. Labor
requirements are not considered problematic. The most difficult aspect of off-site disposal
implementation would likely involve the arrangement of transportation of the FUSRAP-related
material from the Landfill OU of the Tonawanda Landfill Vicinity Property. Technical aspects of
transportation off site would likely consist of infrastructure modifications to the site (and
possibly Town of Tonawanda roads) to accommodate truck traffic, as well as coordination for
transportation to the disposal facility by rail.
Administrative tasks associated with off-site disposal would be difficult during remediation, but
non-existent after remediation assuming successful cleanup is achieved. However, transportation
of low-activity radioactive materials through communities en route to the closest railroad would
likely be a concern to the public. In addition, effort would be required to coordinate and
document off-site, FUSRAP-related materials disposal. If removal and off-site disposal is
implemented, a long-term environmental monitoring program would not be required since the
impacted material would be removed from the site.
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This is a common remedial action on many FUSRAP sites and is readily implementable by
USACE. The implementability of an existing off-site permitted and/or licensed disposal facility
is rated as high. Due to a potentially complicated and lengthy permit application process, the
implementability of constructing a new off-site disposal facility is low.
Cost: Costs associated with off-site disposal of contaminated soil and FUSRAP-related
materials/debris are variable, and depend on the volume to be disposed of, the levels of
contamination that exist, the proximity of the disposal site, and the FUSRAP-related materials
handling and packaging that may be required. Compared to the other remedial response actions
evaluated in this section, off-site disposal will be the most costly, and the cost would vary
depending on the level of on-site treatment. Overall, the costs associated with off-site disposal
are rated as high capital with moderate O&M costs for the newly constructed off-site disposal
facility.
Evaluation Results: The effectiveness of off-site disposal is rated as high, as future exposure to
on-site receptors is reduced by removing the contaminated material from the site. The
implementability is rated as high, as both licensed/permitted disposal facilities and approved
transporters exist in the United States. The cost is rated as high. Disposal of soils and debris at
permitted and/or licensed off-site disposal facilities is retained for consideration as a viable
process option. Construction of a new off-site disposal facility has not been retained since it
would require a potentially complicated and lengthy permit application process, add cost, and
provide no greater level of protectiveness than an existing permitted and/or licensed off-site
disposal facility.

2.7

Selection of Representative Technologies

Table 11 presents a summary of the evaluation of technology types and process options for
effectiveness, implementability, and cost. The following technologies and process options for
soil have been retained for use individually or in combination in the development of remedial
alternatives:


Land-use Controls
o Legal and Administrative Mechanisms
 Governmental controls
 Proprietary controls
 Informational tools
o Physical Mechanisms
 Site access restrictions
 Permanent markers/signage
o Environmental Monitoring
 Air monitoring
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Containment
o Capping
 Single-layer cap
Removal
o Excavation
 Conventional earth-moving equipment
Disposal
o Off-site Disposal
 Existing permitted and/or licensed disposal facility

Remedial alternatives are assembled from these categories and evaluated in detail in Section 3.0.
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Table 11 - Evaluation of Remedial Technologies and Process Options
GRA

Technology Type

Administrative and Legal
Mechanisms

Process Options
Proprietary controls

Low
Measures limit exposure, but do
not reduce mobility or volume.

Government controls

Low
Measures limit exposure, but do
not reduce mobility or volume.

Informational tools

Low
Measures limit exposure, but do
not reduce mobility or volume.

Land-use Controls
Physical barriers, security patrols
Physical Mechanisms
Permanent markers/signage

Environmental Monitoring

Containment

Effectiveness

Air

Low
Measures reduce, but do not
eliminate, potential risk
exposures.
Low
Measures reduce, but do not
eliminate, potential risk
exposures.
Moderate
Effective in verifying the
effectiveness of the remedy.

Single-layer cap

High
Measures limit exposures and
may reduce mobility.

Multilayered cap

High
Measures limit exposures and
may reduce mobility.

Capping

Removal

Excavation

Earth-moving equipment

Treatment

Physical/Chemical

Ex Situ solidification/stabilization

High
Effective in reducing contaminant
mobility and volume.
Moderate
Effective in reducing mobility of
contaminants, but may increase
volume.
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Implementability
Moderate
Dependent on the cooperation of
local government and property
owner.
Moderate
Dependent on the cooperation of
local government and property
owner.
Moderate
Dependent on the cooperation of
local government and property
owner.

Cost

Screening Results

Moderate

Retained

Moderate

Retained

Moderate

Retained

High
Perimeter fencing is currently in
place, although in need of repair.

Low to moderate

Retained

High
Perimeter fencing is currently in
place, needs updated signage.

Low to moderate

Retained

Low capital,
Moderate O&M

Retained

High
Environmental monitoring is
currently being conducted at the
site.
Moderate
Dependent on the cooperation of
local government and property
owner.
Moderate
Dependent on the cooperation of
local government and property
owner.
High

Moderate
May require treatability studies.

Moderate capital,
Moderate O&M

Retained1

Moderate capital,
Moderate O&M

Eliminated1

Moderate
Depending on
contaminated waste
volumes.

Moderate capital

Retained

Eliminated2

GRA

Effectiveness
High
New engineered structure
Reduces mobility and limits
exposure.
On-site
Disposal
High
Existing engineered structure
Reduces mobility and limits
exposure.
Disposal
High
New engineered structure
Reduces mobility and limits
exposure.
Off-site
Disposal
High
Licensed and/or permitted disposal
Reduces mobility and limits
facility
exposure.
Note: Shading indicates that the technology or process option was eliminated from further consideration
1.
2.
3.
4.

Technology Type

Process Options

Implementability
Low
Difficult to implement due to
regulatory requirements.
Low
Difficult to implement due to
regulatory requirements.
Low
Difficult to implement due to
regulatory requirements.
High

Cost

Screening Results

High capital,
Moderate O&M

Eliminated3

Moderate capital,
Moderate O&M

Eliminated3

High capital,
Moderate O&M

Eliminated4

High capital

Retained

Both of these process options limit exposure and reduce contaminant mobility, thus only the single-layer capping option is retained as the representative technology for further consideration.
Ex situ solidification/stabilization may be conducted as required to meet waste acceptance criteria for the disposal of comingled non-FUSRAP constituents exceeding federal TCLP limits.
Although a new on-site engineered structure, use of the currently existing structure, and on-site land encapsulation would limit exposure and reduce contaminant mobility, the administrative feasibility of each would be low due to regulatory requirements.
Therefore, they were not retained for further consideration.
Although a new off-site engineered structure would limit exposure and reduce contaminant mobility, it was not retained for further consideration since it would provide no further protectiveness than an existing permitted and/or licensed disposal facility.
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3.0 DEVELOPMENT AND SCREENING OF REMEDIAL
ALTERNATIVES
3.1

Introduction

This section combines the remedial action technologies retained from preliminary screening
(Section 2) to form remedial action alternatives. The alternatives cover a broad range from no
action to complete removal of the contaminated materials. Emphasis was placed on developing
alternatives that provide adequate protection of human health and the environment; achieve
ARARs; and permanently and significantly reduce the volume, toxicity, or mobility of siterelated contaminants. The development of remedial alternatives for the site focused on those
alternatives that achieve the RAOs presented in Section 2.2.
The rationale for combining response actions, technologies, and process options is briefly
summarized below. The no-action response required by the NCP is the basis for identifying
Alternative 1.

3.2

Summary of Remedial Alternatives for Soil

Remedial action alternatives have been developed for soil at the site in accordance with NCP and
USEPA guidance and on the basis of general response actions and remedial technologies
identified to meet the RAOs (Section 2). The four remedial alternatives for soil are presented in
Table 12.
Table 12 - Remedial Alternatives for Soil
Alternative
1
2
3
4

Description of Alternative
No Action
Single-layer Capping of FUSRAP-Related
Material
Targeted Shallow Removal and Off-site
Disposal of FUSRAP-related Material
Deep Excavation and Off-site Disposal of
FUSRAP-related Material

Each of these soil alternatives apply to Areas A, B, and C, and contain the retained process
options shown in Table 13. Table 14 shows the ARARs for each of the remedial alternatives that
include action. The four soil remedial alternatives are briefly described in the following sections.
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Table 13 - Process Options Contained in each Soil Alternative

Technology
Type

GRA

Land-use
Controls

Containment
Removal
Disposal
1.

Administrative
and Legal
Mechanisms
Physical
Mechanisms
Environmental
Monitoring
Capping
Excavation
Off-site
Disposal

Process Options

Proprietary controls
Government controls
Informational tools
Physical barriers,
permanent signage
Air monitoring

Alternative 2
(Single-layer
Capping of
FUSRAP-related
Material)
Utilized
Utilized
Utilized

Alternative 3
(Targeted Shallow
Removal and
Off-site Disposal of
FUSRAP-related Material)
Utilized
Utilized
Utilized

Alternative 4
(Deep Excavation and
Off-site Disposal of
FUSRAP-related
Material)
NA
NA
NA

Utilized

Utilized

NA

Utilized 1

NA

NA

Utilized
NA

NA
Utilized

NA
Utilized

NA

Utilized

Utilized

Single-layer cap
Earth-moving equipment
Licensed and/or
permitted disposal facility

Long-term monitoring of air for radon over the 1,000-year performance period is required to ensure protectiveness of the remedy.

Table 14 - ARAR Summary by Remedial Alternative

ARAR

Alternative 2: Single-layer
Capping of FUSRAP-related
Material

10 CFR 40 Appendix A Criterion 4:
Yes
Site and Design Criteria
10 CFR 40 Appendix A Criterion 6: Closure of Waste Disposal Areas
Criterion 6(1)
Yes
Criterion 6(5)
Yes
Criterion 6(6)
No
Criterion 6(7)
Yes
10 CFR 40 Appendix A Criterion 12:
Yes
Long-term Site Surveillance
NOTE: Gray shading indicates that the regulation is not an ARAR for the alternative
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Alternative 3:
Targeted Shallow Removal
and Off-site Disposal of
FUSRAP-Related Material

Alternative 4: Deep
Excavation and Off-site
Disposal of FUSRAP-related
Material

No

No

No
No
Yes
No

No
No
Yes
No

Yes

No

3.3

Alternative 1: No Action

The no-action alternative is required under the NCP [40 CFR §300.430(e) (6)] as a baseline
against which other alternatives can be compared. Alternative 1 leaves the site “as is,” with no
actions taken regarding access or land-use controls beyond those already in place for other
reasons. This alternative provides no additional protection to human health and the environment
over current conditions. This alternative also assumes existing controls and monitoring would
not be maintained.
Under this alternative, impacted soil would remain at the current locations. Existing physical
mechanisms (site security fence) would be left in place but not maintained. Environmental
monitoring would not be performed. In addition, no restrictions on land use would be pursued.
However, it is assumed that the site would operate in compliance with existing regulations that
impose limitations on occupational exposures, and the existing landowner would be responsible
for this compliance.

3.4

Alternative 2: Single-layer Capping of FUSRAP-related Material

This alternative combines the installation and maintenance of a single-layer cap with land-use
controls and environmental monitoring. Impacted soil exceeding the remediation goals would be
covered in place by a low permeability single-layer cap. The cap would function as a barrier to
reduce potential radiation exposure to site workers and the public. In addition, the cap would
restrict the migration of contaminants through dispersion and through transport by infiltrating
precipitation.
For cost-estimating purposes, the proposed cap was conservatively assumed to be approximately
26,118 m2 (281,135 ft2) in area. The proposed cap will extend beyond the soil contamination
footprint but would not tie into the existing Town of Tonawanda municipal landfill cap.
As discussed in Appendix A, the proposed cap design will effectively contain uranium in
groundwater at concentrations greater than the MCLs within the Landfill OU boundary
throughout the 1,000-year evaluation period. The proposed landfill cap will effectively lower the
groundwater table an additional 3.4 m (11 ft) from the current average conditions of 0.6 to 2.1 m
(2 to 7 ft) bgs, thereby precluding discharge of uranium into the surface water ditch. The
proposed cap will further inhibit the migration of uranium in groundwater from baseline
conditions.
More detailed information on the cap design, in order of placement, is listed below.




Barrier Protection Layer (0.6 m [2 ft] thick) is a low permeability (i.e. hydraulic
conductivity of less than 1x10-7 centimeters per second) soil layer that reduces the
infiltration of precipitation and external gamma radiation and radon emissions from
underlying waste.
Vegetative Soil Cover (0.15 m [6 in] thick) promotes surface runoff from the capped
areas, promotes vegetation growth to stabilize the soil cover, and protects the underlying
barrier protection layer from degradation due to freeze-thaw cracking.
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Due to the limited area of the cap there would be no need for passive gas venting to be installed.
Control Measures would be further evaluated and defined as part of the remedial design phase of
the CERCLA process.
Alternative 2 would require LUCs to limit use of and access to the capped FUSRAP-related
material, as well as environmental monitoring to detect potential breaching of the cap and
subsequent potential exposure to FUSRAP-related COCs. This alternative would require close
coordination of remediation and monitoring activities with the landowner to minimize the health
and safety risks to on-site personnel and to minimize disruption to their activities. Remedial
action would require approximately 76 weeks to implement and would include a 1,000-year
O&M period.
Components of this alternative include:








3.4.1

Remediation work plans
Capping
Confirmatory sampling
Site restoration
Management plan
Operations and maintenance
Land-use controls
Environmental monitoring
Remediation Work Plans

Initiation of remediation would be preceded by the development of necessary remediation work
plans. The cap would be further designed to minimize exposure pathways, surface water
infiltration, and required maintenance. The remediation work plans would detail the construction
of the cap.
3.4.2

Capping

Capping is a well-established remediation technology. A single-layer cap was selected for
protectiveness and costing purposes. The cover system should effectively protect human health
and the environment through waste isolation for up to 1,000 years, to the extent reasonably
achievable, and, in any case, for at least 200 years. This cap includes layers of clay, topsoil, and a
vegetation layer. Most materials for the cap would be available from local sources, and would be
sampled prior to use to ensure they are not contaminated. The cap would be designed and
constructed to minimize the migration of liquids through the cover materials; promote drainage
and minimize erosion or abrasion; reduce external gamma radiation and radon emissions;
accommodate settling and subsidence to maintain the integrity of the cover; resist intrusion of
humans, plants, and animals; and function with some maintenance.
3.4.3

Confirmatory sampling

Confirmatory sampling would be conducted in accessible areas of the landfill property, outside
of the final designed cap footprint. This sampling would confirm that soils with FUSRAP-related
COCs exceeding the PRGs will be contained within the cap. These final status surveys would be
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performed in accessible, uncapped portions of the landfill outside the design limits of the final
cap using the MARSSIM statistical sampling approach to address radiological constituents.
3.4.4

Site Restoration

The area of the site where the cap would be installed would be re-vegetated as part of the cap
completion. Surface water drainage swales would be constructed north of the proposed landfill
cap to divert storm water away from the capped FUSRAP-related waste and reduce available
recharge through the containment cap.
3.4.5

Management Plan

A long-term management plan would be developed to address notification requirements for the
property owner for changes in land use, as well as future monitoring and maintenance
requirements. The plan would include provisions addressing the process by which property
owners can contact the federal government agency responsible for long-term control of impacted
areas, as well as provide for periodic reviews, maintenance, and monitoring. A more detailed
discussion of the LUCs (administrative, legal, and physical mechanisms) would be developed as
part of the long-term management plan including notification requirements for changes in land
use. Continued site surveillance would ensure any land-use changes or disturbances of
contaminated areas are identified throughout the 1,000-year performance period.
3.4.6

Operations and Maintenance

A long-term O&M program would be implemented once the remediation work is completed.
Tasks included in operations would consist of cutting the grass, site inspection, air sampling and
analysis, and reporting. Maintenance tasks would include repairs of damages to the cap from
erosion. The O&M activities would be conducted for the entire 1,000-year performance period of
the remedy.
3.4.7

Land-use Controls

LUCs would be used to prevent future land uses or activities on the site that would be
incompatible with or compromise the remedy. Physical LUCs would include fencing and
markers or signage. Administrative and legal LUCs would include deed restrictions or covenants
and zoning restrictions to prevent land uses that would disturb the cap or buried FUSRAP-related
material; and informational tools such as a site registry and deed notice. Most of these controls
are already in place or are required to be implemented by the property owner as part of their
overall landfill closure. However, if existing controls lapse or are no longer enforced by the
appropriate local or state authority, the federal government may need to implement LUCs to
limit future uses and to ensure future uses do not impact the effectiveness or integrity of the
remedial alternative.
USACE would prepare a Land-Use Control Plan that, at a minimum, documents (1) which
controls are necessary for protectiveness and why, (2) under what conditions changes to the
LUCs would be warranted, (3) which federal, state, or local entities are responsible for
maintaining the controls during given time frames, (4) frequency of reviewing current conditions
to assess whether changes to either the LUCs or to the Land-Use Control Plan are necessary for
ensuring continued protectiveness, and (5) the necessary data needs for assisting in reviews of
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the continued adequacy of controls and of continued protectiveness. The federal government
would be responsible for maintaining the Land-Use Control Plan.
3.4.8

Environmental Monitoring

Environmental monitoring would be conducted to assess the continued performance of the cap
and would include air monitoring for radon. Since contamination would remain on site, for
purposes of this FS, long-term monitoring is assumed to continue for 1,000 years. An effective
cap design would minimize direct contact with impacted soils.

3.5 Alternative 3: Targeted Shallow Removal and Off-site Disposal of
FUSRAP-related Material
Alternative 3 consists of targeted removal of impacted soils exceeding the PRGs within the first
1.5 m (5 ft) bgs only, and subsequent off-site disposal. This alternative would require close
coordination of remediation and monitoring activities with the landowner to minimize the health
and safety risks to on-site personnel and to minimize disruption to the landowner's activities.
Remedial action would require approximately 73 weeks to implement and would include a
1,000-year O&M period. A conceptualization of this alternative is presented in Figure 8.
Components of this alternative include:









3.5.1

Remediation work plans
Excavation
Water collection and control
Transportation
Off-site disposal
Confirmatory sampling
Site restoration
Management plan
Land-use controls
Remediation Work Plans

Remediation work plans would be developed prior to the initiation of remedial actions. These
plans would detail site preparation activities, the extent of excavation, the implementation and
sequence of construction activities, decontamination, transportation, and disposal of
contaminated soil.
The safety of remediation workers, on-site employees, and the general public would be
addressed in a site operations plan along with a site-specific health and safety plan. The health
and safety plan would address potential exposures and monitoring requirements to ensure
protection of remediation workers.
3.5.2

Excavation

This alternative involves the targeted removal of impacted soil above PRGs within the first 1.5 m
(5 ft) bgs only, and disposal at a permitted off-site disposal facility.
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All excavated soils and potentially comingled landfill debris will be screened in the field for
contamination, stockpiled, sampled, analyzed, and transported off site for disposal if found to
exceed the established cleanup criteria for the site. Excavated soil would be subjected to waste
profiling and potential treatment to ensure compliance with the requirements of the off‐site
disposal facility’s WAC and license.
Waste minimization practices, such as radiological scanning and soil sorting, could potentially
reduce the volume of soil requiring off-site disposal. Excavated soil with FUSRAP-related COCs
below the PRGs would be sampled using the MARRSIM guidance/statistical sampling approach
to determine if it could be used as backfill or if it is characteristically hazardous. Any material
with FUSRAP-related COCs below the PRGs that is determined to be hazardous would be
segregated and left for final disposition by the site property owner.
Standard construction equipment, such as excavators, bulldozers, and front-end loaders, would
be used to remove contaminated material. Site preparation would include clearing and grubbing
of the trees and vegetation to allow access to the removal areas.
Excavation activities would be guided by various methods to detect radionuclides, including the
use of handheld radiation meters, in situ gamma spectrometry, and a specific quantity of
analytical samples. Oversized debris would be crushed or otherwise processed to meet disposal
facility requirements.
Impacted areas, details regarding the associated removal areas and depths, and estimated
volumes were derived from the volumes discussed in Section 2.3 and detailed in Appendix C.
Using the PRGs a new model was generated for contaminated soils only within the first 1.5 m (5
ft) bgs. This depth was determined based upon risk factors discussed in the updated BRA. At
depths greater than 1.5 m (5 ft) the contaminated soil would not be exposed due to factors such
as natural erosion within the 1,000-year time period. Based upon the soil volume estimating
approach discussed in Section 2.3, the estimated in situ contaminated soil volume requiring
excavation is 1,168 cubic meters (m3) (1,528 cubic yards [yd3]). Assuming a 1.3 times bulking
factor is applied to account for the increase in volume when naturally compacted soil is
excavated, the estimated ex situ contaminated soil volume requiring management after
excavation is 1,518 m3 (1,986 yd3).
3.5.3

Water Collection and Control

Excavation may induce infiltration of groundwater into removal areas. This water would be
collected and analyzed for potential sanitary discharge and treated as necessary or sent off site
for disposal at a licensed facility permitted to accept the waste stream. Provisions would be made
to protect the removal areas from the infiltration of surface runoff until confirmatory sampling
can be conducted and the areas are released.
During excavation, dewatering would be performed as needed using a combination of sumps and
extraction wells, if needed. These dewatering points would be installed prior to excavation or as
needed during excavation. Water would be collected, sampled and either discharged on site in
the existing drainage ditch (if it meets surface water discharge criteria), to the municipal sewer
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system for treatment at the wastewater treatment facility, or transported off site for further
treatment and/or disposal.
3.5.4

Transportation

For the purpose of estimating the cost of Alternative 3, due to the small volume of excavated soil
it is assumed that impacted soil would be hauled to a licensed or permitted disposal facility by
direct trucking to the disposal facility. The appropriate shipping documentation would
accompany the waste shipment. Regulated and licensed transportation would travel along predesignated routes, and an emergency response plan would be developed.
3.5.5

Off-site Disposal

Impacted soil would be disposed at a facility licensed or permitted to accept the characterized
waste stream. The selection of an appropriate facility would consider the types of wastes,
location, transportation options, and cost.
The estimated ex situ contaminated soil volume is 1,518 m3 (1,986 yd3). Of the 1,518 m3 (1,986
yd3) of contaminated soil volume requiring off-site disposal, it was assumed for cost estimating
purposes that 25 percent (i.e., 380 ex situ m3 [496 yd3]) would be RCRA-hazardous unimportant
quantity source material, and the remaining 75 percent (i.e., 1,138 ex situ m3 [1,490 yd3]) would
solely be naturally occurring radioactive material (NORM)-like unimportant source quantity
material. Furthermore, of the volume of RCRA-hazardous unimportant quantity source material,
half was assumed to be soils and half was assumed to be debris. The final assumed waste types
and ex situ disposal volumes requiring off-site disposal for cost estimating purposes are:



3.5.6

1,490 yd3 NORM-like unimportant quantity source material (soil and comingled debris)
248 yd3 RCRA-hazardous unimportant quantity source material (soil)
248 yd3 RCRA-hazardous unimportant quantity source material (debris)
Confirmatory Sampling

Confirmatory sampling would be conducted after the excavation of each removal area. This
sampling would confirm PRGs have been achieved laterally within the top 1.5 m (5 ft) bgs of
soil. Final status surveys would be performed for the remaining site surface soil, using the
MARSSIM statistical sampling approach to address FUSRAP-related COCs. A post-remediation
radiological dose assessment would then be conducted using data resulting from the final status
survey sampling. This dose assessment would be used to determine the potential residual
radiation dose to the current and potential future user of the site.
3.5.7

Site Restoration

After confirmatory sampling has shown that each removal area has met cleanup criteria, the area
would be backfilled and seeded in accordance with the approved site restoration plan. Prior to
placement, the backfill would be tested to ensure the design criteria are met. Confirmatory
sampling and site restoration would progress area by area to minimize erosion, dust generation,
and excavation water. The restoration components and configuration would be coordinated with
the site owner to ensure general compatibility with the final closure of the landfill by the Town
of Tonawanda.
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3.5.8

Management Plan

A long-term management plan would be developed to address notification requirements for the
property owner for changes in land use, as well as future monitoring requirements. The plan
would include provisions addressing the process by which property owners can contact the
federal government agency responsible for long-term control of impacted areas, as well as
provide for periodic reviews and monitoring. A more detailed discussion of the land-use controls
(administrative, legal, and physical mechanisms) would be developed as part of the long-term
management plan including notification requirements for changes in land use. Continued site
surveillance would ensure any land-use changes or disturbances of contaminated areas are
identified throughout the 1,000-year performance period.
3.5.9

Land-use Controls

LUCs would be used to restrict land use in the vicinity of the removal areas, where
concentrations of contaminants at depths greater than 1.5 m (5 ft) bgs exceed PRGs and LUCs
are needed to assure long-term effectiveness. Physical LUCs would include fencing and markers
or signage. Administrative and legal LUCs would include deed restrictions or covenants and
zoning restrictions to prevent land uses that would disturb the buried FUSRAP-related material;
and informational tools such as a site registry and deed notice. Most of these controls are already
in place or are required to be implemented by the property owner as part of their overall landfill
closure. However, if existing controls lapse or are no longer enforced by the appropriate local or
state authority, the federal government may need to implement LUCs to limit future uses and to
ensure future uses do not impact the effectiveness or integrity of the remedial alternative.
USACE would prepare a Land-Use Control Plan that, at a minimum, documents (1) which
controls are necessary for protectiveness and why, (2) under what conditions changes to the
LUCs would be warranted, (3) which federal, state, or local entities are responsible for
maintaining the controls during given time frames, (4) frequency of reviewing current conditions
to assess whether changes to either the LUCs or to the Land-Use Control Plan are necessary for
ensuring continued protectiveness, and (5) the necessary data needs for assisting in reviews of
the continued adequacy of controls and of continued protectiveness. The federal government
would be responsible for maintaining the Land-Use Control Plan.

3.6 Alternative 4: Deep Excavation and Off-site Disposal of FUSRAPrelated Material
Alternative 4 consists of excavation of all impacted soils exceeding the PRGs and subsequent
off-site disposal. This alternative would require close coordination of remediation and
monitoring activities with the landowner to minimize the health and safety risks to on-site
personnel and to minimize disruption to their activities. Remedial action would require
approximately 122 weeks to implement. A conceptualization of this alternative is presented in
Figure 9. Components of this alternative include:




Remediation work plans
Excavation
Water collection and control
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3.6.1

Transportation
Off-site disposal
Confirmatory sampling
Site restoration
Remediation Work Plans

Remediation work plans would be developed prior to the initiation of remedial actions. These
plans would detail site preparation activities, the extent of excavation, the implementation and
sequence of construction activities, decontamination, transportation, and disposal of
contaminated soil.
The safety of remediation workers, on-site employees, and the general public would be
addressed in a site operations plan along with a site-specific health and safety plan. The health
and safety plan would address potential exposures and monitoring requirements to ensure
protection of remediation workers.
3.6.2

Excavation

This alternative involves the excavation of impacted soil above PRGs and disposal at a permitted
off-site disposal facility.
All excavated soils and potentially comingled landfill debris would be screened in the field for
contamination, stockpiled, sampled, analyzed, and transported off site for disposal if found to
exceed the established cleanup criteria for the site. Excavated soil would be subjected to waste
profiling and potential treatment to ensure compliance with the requirements of the off‐site
disposal facility’s WAC and license.
Waste minimization practices, such as radiological scanning and soil sorting, would reduce the
volume of soil requiring off-site disposal. Excavated soil with FUSRAP-related COCs below the
PRGs would be sampled using the MARRSIM guidance/statistical sampling approach to
determine if it could be used as backfill or if it is characteristically hazardous. Any material with
FUSRAP-related COCs below the PRGs that is determined to be hazardous would be segregated
and left for final disposition by the site property owner.
Standard construction equipment, such as excavators, bulldozers, and front-end loaders, would
be used to remove contaminated material. Site preparation would include clearing and grubbing
of the trees and vegetation to allow access to the excavation areas.
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Excavation activities would be guided by various methods to detect radionuclides, including the
use of handheld radiation meters, in situ gamma spectrometry, and a specific quantity of
analytical samples. Oversized debris would be crushed or otherwise processed to meet disposal
facility requirements.
The overburden (uncontaminated soils physically located over contaminated soils) and cutback
soil (uncontaminated soil excavated to provide adequate sloping and benching to access
contaminated soil) would be removed and stockpiled on site. This soil would be sampled using
the MARSSIM statistical sampling approach to demonstrate compliance with ARARs and used
as backfill or left for final disposition by the site owner.
Impacted areas, details regarding the associated excavation areas and depths, and estimated
volumes are discussed in Section 2.3 and detailed in Appendix C. Based upon the soil volume
estimating approach discussed in Section 2.3, the estimated in situ contaminated and
overburden/cutback soil volumes requiring excavation are 11,479 m3 (15,014 yd3) and 12,033 m3
(15,739 yd3), respectively. Assuming a 1.3 times bulking factor is applied to account for the
increase in volume when naturally compacted soil is excavated, the estimated ex situ
contaminated and overburden/cutback soil volumes requiring management after excavation are
14,923 m3 (19,518 yd3) and 15,644 m3 (20,461 yd3), respectively.
3.6.3

Water Collection and Control

Excavations may induce infiltration of groundwater into excavated areas. This water would be
collected and analyzed for potential sanitary discharge and treated as necessary or sent off site
for disposal at a licensed facility permitted to accept the waste stream. Provisions would be made
to protect the excavation areas from the infiltration of surface runoff until confirmatory sampling
can be conducted and the areas are released.
During excavation, dewatering would be performed using a combination of sumps and extraction
wells. Due to the depth of excavation and the high groundwater table it is likely that extraction
wells would be necessary for water control. These dewatering points would be installed prior to
excavation or as needed during excavation. Water would be collected, sampled and either
discharged on site in the existing drainage ditch (if it meets surface water discharge criteria), to
the municipal sewer system for treatment at the wastewater treatment facility, or transported off
site for further treatment and/or disposal.
3.6.4

Transportation

For the purpose of estimating the cost of Alternative 4, it is assumed that impacted soil will be
hauled to a licensed or permitted disposal facility by rail. The appropriate shipping
documentation would accompany the waste shipment. Regulated and licensed transportation
would travel along pre-designated routes, and an emergency response plan would be developed.
3.6.5

Off-site Disposal

Impacted soil would be disposed at a facility licensed or permitted to accept the characterized
waste stream. The selection of an appropriate facility would consider the types of wastes,
location, transportation options, and cost.
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The estimated ex situ contaminated and overburden/cutback soil volumes are 14,923 m3 (19,518
yd3) and 15,644 m3 (20,461 yd3), respectively. It was assumed that 25 percent of the ex situ
overburden/cutback soils (i.e. 3,910 m3 [5,115 yd3]) would also exceed cleanup criteria.
Therefore, the total estimated ex situ contaminated soil volume requiring off-site disposal is
18,833 m3 (24,633 yd3). The remaining ex situ overburden/cutback soil volume of 11,733 m3
(15,346 yd3) would potentially be available for backfill.
Of the 18,833 m3 (24,633 yd3) of contaminated soil volume requiring off-site disposal, it was
assumed for cost estimating purposes that 25 percent (i.e., 4,708 ex situ m3 [6,158 yd3]) would be
RCRA-hazardous unimportant quantity source material, and the remaining 75 percent (i.e.,
14,126 ex situ m3 [18,476 yd3]) would solely be NORM-like unimportant source quantity
material. Furthermore, of the volume of RCRA-hazardous unimportant quantity source material,
half was assumed to be soils and half was assumed to be debris.
Figure 10 is a graphical depiction of the waste streams and associated assumptions above. The
final assumed waste types and ex situ disposal volumes requiring off-site disposal for cost
estimating purposes are:



3.6.6

18,476 yd3 NORM-like unimportant quantity source material (soil and comingled debris)
3,079 yd3 RCRA-hazardous unimportant quantity source material (soil)
3,079 yd3 RCRA-hazardous unimportant quantity source material (debris)
Confirmatory Sampling

Confirmatory sampling would be conducted after the excavation of each area. This sampling
would confirm cleanup goals have been achieved. Final status surveys would be performed for
the remaining surface and subsurface soil, using the MARSSIM statistical sampling approach to
address FUSRAP-related COCs. A post-remediation radiological dose assessment would then be
conducted using data resulting from the final status survey sampling. This dose assessment
would be used to determine the potential residual radiation dose to the current and potential
future user of the site.
3.6.7

Site Restoration

After confirmatory sampling has shown that an excavation area has met cleanup criteria, the area
would be backfilled and seeded in accordance with the approved site restoration plan. Prior to
placement, the backfill would be tested to ensure the design criteria are met. Confirmatory
sampling and site restoration would progress area by area to minimize erosion, dust generation,
and excavation water. The restoration components and configuration would be coordinated with
the site owner to ensure general compatibility with future Town of Tonawanda capping actions.
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4.0

DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

4.1

Introduction

This section presents a detailed analysis of the four remedial alternatives that have been retained
for further evaluation. From this set of alternatives, one will ultimately be chosen as the preferred
remedy for soils at the Landfill OU of the Tonawanda Landfill Vicinity Property. Under the
CERCLA remedy selection process, the preferred remedial alternative is presented in the
proposed plan and the selected remedial alternative is set forth in final form in the record of
decision after community and state review. A detailed evaluation of each alternative is performed
in this section to provide the basis and rationale for identifying a preferred remedy and preparing
the proposed plan.
To ensure the FS analysis provides information of sufficient quality and quantity to justify the
selection of a remedy, it must meet the requirements of the remedy selection process. This
process is driven by the requirements set forth in CERCLA Section 121. In accordance with
these requirements (USEPA 1988), remedial actions must:






Be protective of human health and the environment.
Attain ARARs or provide grounds for justifying a waiver.
Be cost effective.
Use permanent solutions and alternative treatment technologies to the maximum extent
practicable.
Satisfy the preference for treatment that reduces volume, toxicity, or mobility.

CERCLA emphasizes long-term effectiveness and related considerations for each remedial
alternative. These considerations include:








Long-term uncertainties associated with land disposal.
The goals, objectives, and requirements of the Solid Waste Disposal Act.
The persistence, toxicity, and mobility of hazardous substances, and their propensity to
bioaccumulate.
Short- and long-term potential for adverse health effects from human exposure.
Long-term maintenance costs.
The potential for future remedial action costs if the remedial alternative in question were
to fail.
The potential threat to human health and the environment associated with excavation,
transportation, and re-disposal, or containment.

These concerns are applied through the use of nine evaluation criteria presented in the NCP.
These nine criteria are grouped into threshold criteria, balancing criteria, and modifying criteria.
Section 4.2 provides a detailed analysis of each alternative using each of the evaluation criteria.
The analysis includes a definition of each alternative and, where necessary, a more precise
description of the volumes or areas of contaminated media or technologies. Following this
detailed analysis is a comparative analysis of the alternatives in Section 5.0 that evaluates how
each alternative will perform with respect to each other.
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4.1.1

Threshold Criteria

Two of the NCP evaluation criteria relate directly to statutory findings that must be made in the
ROD. These criteria are thus considered to be threshold criteria that must be met by any remedy
selected. The criteria are:



Overall protection of human health and the environment
Compliance with ARARs

Each alternative must be evaluated to determine whether it achieves and maintains protection of
human health and the environment. Similarly, each remedial alternative must be assessed to
determine whether it complies with ARARs, or if a waiver is required, and an explanation of
why a waiver is justified. An alternative is considered to be protective of human health and the
environment if it complies with media specific cleanup goals.
4.1.2

Balancing Criteria

The five balancing criteria represent the primary criteria upon which the detailed analysis and
comparison of alternatives are based. These criteria include:






Long-term effectiveness and permanence
Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness
Implementability
Cost

Long-term effectiveness and permanence is an evaluation of the magnitude of residual risk (risk
remaining after implementation of the alternative) and the adequacy and reliability of controls
used to manage the remaining waste (untreated waste and treatment residuals) over the long
term. Alternatives that provide the highest degree of long-term effectiveness and permanence
leave little or no untreated waste at the site, make long-term maintenance and monitoring
unnecessary, and minimize the need for LUCs.
Reduction of toxicity, mobility, or volume through treatment emphasizes the statutory preference
for alternatives that result in such reduction. The irreversibility of the treatment process and the
type and quantity of residuals remaining after treatment are also assessed.
Short-term effectiveness addresses the protection of workers and the community during the
remedial action, the environmental effects of implementing the action, and the time required to
achieve media-specific cleanup goals.
Implementability addresses the technical and administrative feasibility of implementing an
alternative and the availability of various services and materials required during implementation.
Technical feasibility assesses the ability to construct and operate a technology, the reliability of
the technology, the ease in undertaking additional remedial actions, and the ability to monitor the
effectiveness of the alternative. Administrative feasibility is addressed in terms of the ability to
obtain approval from federal, state, and local agencies.
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Cost analyses evaluate the capital and annual O&M costs of each alternative, as well as the total
present worth of the capital and O&M costs. Capital costs consist of design and construction
costs. The O&M costs consist of the post-construction costs necessary to ensure the continued
effectiveness of the remedy. These costs include remedial action operating costs, costs associated
with maintenance, and the cost of performance evaluations, including monitoring. For
alternatives requiring monitoring and LUCs, an O&M period of 1,000 years was used for cost
estimation purposes. The cost estimates are for guidance in project evaluation and
implementation and are believed to be accurate within a range of -30 percent to +50 percent in
accordance with USEPA guidance (USEPA 1988). Actual costs could be higher than estimated
due to unexpected site conditions or potential delays. Appendix D contains the detailed cost
estimates.
4.1.3

Modifying Criteria

The two modifying criteria below will be evaluated as part of the ROD after the public has had
an opportunity to comment on the proposed plan. They are:



State acceptance
Community acceptance

State acceptance considers comments received from agencies of New York State. The primary
state agency supporting this investigation is the NYSDEC. Community acceptance considers
comments made by the community, including stakeholders, on the alternatives being considered.
Input has been encouraged during the ongoing community involvement program throughout the
investigation to ensure that remedy selection is consistent and acceptable to the public.
Community meetings have been held on a regular basis since the beginning of the investigation.
Because state and community review of the preferred alternative has not yet taken place, the
detailed analysis of alternatives presented below cannot account for these criteria at this time.
Therefore, the detailed analysis is carried out only for the first seven of the nine criteria. The
preferred alternative will be presented to the public in the proposed plan for review and
comment. Public input on the remedial alternatives is important in the selection process. A public
meeting will be held in order to collect comments on the preferred remedy. Based on the
comments received, the preferred remedy may be modified or another remedy may be selected.
The final remedy will be formalized in a ROD.

4.2

Detailed Analysis of Remedial Alternatives

This section presents a detailed analysis of the retained remedial alternatives. Each of the four
remedial alternatives is described below and evaluated against seven of the nine CERCLA
criteria outlined in Sections 4.1.1 and 4.1.2. Results of the detailed evaluation of the four
remedial alternatives are summarized in Table 15.
4.2.1

Alternative 1: No Action

Alternative 1 assumes no remedial action would be implemented to address FUSRAP-related
COCs in soil at the Landfill OU of the Tonawanda Landfill Vicinity Property. Impacted soil
would remain at current locations. In addition, access controls, such as a site security fence,
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would not be maintained, and environmental monitoring would not be performed. The no-action
alternative provides no additional protection to human health and the environment over baseline
conditions.
4.2.1.1

Overall Protection of Human Health and the Environment

Alternative 1 is not protective of human health and the environment, as no remedial action would
be implemented to protect human health and the environment over baseline conditions. The BRA
for the site indicates that for the FUSRAP-related COCs in soil at the Landfill OU, under the
trespasser current-use scenario, the human health risk is within the NCP limit. However, if no
action is taken to address the FUSRAP-related material, then for the reasonable future-use
scenario of a recreational user the human health risk will exceed the NCP limit. Under
Alternative 1, the exposure from the FUSRAP-related COCs would continue and could increase
over time because access controls, such as fencing, would not be maintained and no additional
LUCs would be implemented. The potential for human exposure to FUSRAP-related COCs and
the potential for off-site migration could increase over time as a result of disturbances by humans
and natural processes. Therefore, Alternative 1 is not considered protective of the environment.
4.2.1.2

Compliance with Applicable or Relevant and Appropriate Requirements

Alternative 1 does not comply with the ARARs. Because no remedial action would be
implemented, current conditions would not change. The current concentrations of FUSRAPrelated COCs in soil exceed the ARAR-based PRGs identified in Table 7.
4.2.1.3

Long-Term Effectiveness and Permanence

Alternative 1 would allow soil contamination to remain on-site. Potential future exposures would
become unacceptable and none of the contaminated soil would be remediated. In addition,
Alternative 1 includes no long-term measures to prevent exposures to, or the spread of,
contamination. Therefore, Alternative 1 would not be effective in the long term and would not
achieve any level of permanence.
4.2.1.4

Reduction of Toxicity, Mobility, or Volume through Treatment

No reduction of contaminant toxicity, mobility, or volume is achieved because no treatment
process is proposed under Alternative 1.
4.2.1.5

Short-Term Effectiveness

There are no short-term risks associated with Alternative 1 beyond baseline conditions. There
would be no additional short-term health risks to the community, site workers, or the
environment since no remedial actions would be implemented.
4.2.1.6

Implementability

There are no implementability concerns associated with Alternative 1 since no action would be
taken.
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4.2.1.7

Cost

This alternative is the baseline scenario and requires no action. Therefore, the capital, annual
O&M and total present value costs of this alternative are all $0.
4.2.2

Alternative 2: Single-layer Capping of FUSRAP-related Material

As described in Section 3.4, Alternative 2 combines the installation and maintenance of a singlelayer cap with land-use controls, environmental monitoring, and five-year reviews over a 1,000year O&M period. Impacted soil exceeding the remediation goals would be covered in place by a
low-permeability, single-layer cap. The cap would function as a barrier to reduce potential
radiation exposure to site workers and the public. In addition, the cap would restrict the
migration of contaminants through dispersion and through transport by infiltrating precipitation.
4.2.2.1

Overall Protection of Human Health and the Environment

Alternative 2 is protective of human health and the environment. Installing a single-layer cap
would limit risks from exposure to contaminated soil.
4.2.2.2

Compliance with Applicable or Relevant and Appropriate Requirements

Alternative 2 would comply with ARARs since exposure to FUSRAP-related COCs in soil
exceeding ARAR-based PRGs identified in Table 7 would be mitigated and design of the singlelayer cap would meet ARAR-based performance standards for radon emissions.
Alternative 2 would comply with 10 CFR 40, Appendix A, Criteria 4(c) and 4(d). As described
in Section 3.4.2, the cap would be designed to meet the specific requirements of the criterion.
Final cap design would ensure that the requirements for slope would be met and that the upper
layer of the cap would be vegetated. Section 3.4.4 further indicates compliance by stating that the
area where the cap would be installed will be re-vegetated as part of cap completion.
Additionally surface water drainage swales would be constructed to divert storm water away
from the capped FUSRAP-related material.
Alternative 2 would comply with 10 CFR 40, Appendix A, Criterion 6(1). As described in
Section 3.4.2, the cap would be designed and constructed to reduce external gamma radiation
and radon emissions. The additional cover provided by the clay cap would reduce radon
emissions by providing more material for the radon to have to travel through, thereby allowing
more time for decay and thus reducing radon emissions to levels below what are required in the
criterion. An evaluation of the potential ground surface radon flux following implementation of
the single-layer cap found that a 2-ft thick cap would meet the radon flux limit in Criterion 6(1).
This evaluation is contained in Appendix E.
Alternative 2 would comply with 10 CFR 40, Appendix A, Criterion 6(5). As described in
Section 3.4.2, the materials to be used to construct the single-layer cap would be sampled prior to
use to ensure that they do not contain elevated levels of FUSRAP-related COCs.
Alternative 2 would comply with 10 CFR 40, Appendix A, Criterion 6(7). As described in
Sections 3.4.2 and 3.4.4, the single-layer cap will be vegetated to help minimize the need for
further maintenance.
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Alternative 2 would comply with 10 CFR 40, Appendix A, Criterion 12. As described in
Sections 3.4.5 and 3.4.6, a long-term environmental monitoring, inspection, and maintenance
program, would be conducted to ensure that the remedy remains effective and protective.
4.2.2.3

Long-Term Effectiveness and Permanence

Under Alternative 2, the installation of the single-layer cap would be effective at protecting
human health and the environment in the long term. However, O&M and LUCs would be
required throughout the 1,000-year O&M period to ensure that the cap maintains this protection.
4.2.2.4

Reduction of Toxicity, Mobility, or Volume through Treatment

No reduction in contaminant toxicity, mobility, or volume through treatment is achieved because
no treatment process is proposed under Alternative 2.
4.2.2.5

Short-Term Effectiveness

Under Alternative 2 there is no excavation, handling, or transportation of contaminated soil that
could result in an increased potential human health risk to the public during implementation of
the remedy. Site safety and health plans would mitigate potential risks to remediation workers
associated with equipment operation and construction of the single-layer cap.
4.2.2.6

Implementability

No technical difficulties are anticipated for Alternative 2 since most materials for the cap would
be available from local sources and capping activities use readily available technologies. This
alternative would require some coordination of capping activities with the Town of Tonawanda
to minimize health and safety risks to on-site personnel and the community but it is expected that
this would be successfully accomplished. LUCs, environmental monitoring, and five-year
reviews would be implemented over the 1,000-year period.
Anticipated administrative problems limit the implementability of Alternative 2. The Town of
Tonawanda may need to obtain a waiver from siting requirements in 6 NYCRR Part 3602.13(a)(1) since the planned cap footprint encroaches the 100-foot buffer to the nearby property
line. This and any other substantive requirements that would arise from the alternative
implementation such as LUCs that would require the involvement of local government to
implement, monitor, and maintain the controls, would need to be resolved prior to alternative
implementation. Currently there is no agreement between the federal government and the Town
of Tonawanda regarding implementation of LUCs, and such an agreement would be required if
additional LUCs are necessary beyond what the state requires of the town to implement as part of
their landfill closure.
4.2.2.7

Cost

The estimated capital cost to implement Alternative 2 is $8,038,999, and the estimated annual
O&M cost is $81,884. The capital costs include preparation of a remedial design work plan,
capping, confirmatory sampling, site restoration, and preparation of a remedial action completion
report and long-term management plan. The O&M costs include the cost for performance of
environmental monitoring, maintenance of the cap and LUCs, and conduct of five-year reviews.
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The estimated total present worth cost of Alternative 2 is $10,550,838. Detailed cost estimate
information can be found in Appendix D.
4.2.3 Alternative 3: Targeted Shallow Removal and Off-site Disposal of FUSRAP-related
Material
As described in Section 3.5, Alternative 3 consists of targeted removal of impacted soil
exceeding PRGs within the first 1.5 m (5 ft) bgs only, and subsequent off-site disposal to a
properly permitted off-site disposal facility, consistent with the disposal site WAC.
Approximately 1,518 m3 (1,986 yd3) of soil (ex situ) would be removed from the Landfill OU of
the Tonawanda Landfill Vicinity Property and disposed of off site. The contaminated soils would
be shipped to an off-site disposal facility in intermodal containers via trucks.
4.2.3.1

Overall Protection of Human Health and the Environment

Alternative 3 is protective of human health and the environment. Removal of radiologically
contaminated soil above PRGs within the first 1.5 m (5 ft) bgs, along with the implementation of
LUCs, would limit risks from exposure to contaminated soil to within acceptable levels, by
removing the contaminated soils that could potentially be exposed in the future via natural
erosion, and limiting potential exposure to residual FUSRAP material below a depth of 1.5 m (5
ft) bgs. Additionally, an evaluation of the potential ground surface radon flux following
implementation of Alternative 3 (Appendix E) demonstrates that it achieves a level of
protectiveness equal to or greater than a cap that would be required to meet the radon flux limit
in 10 CFR 40, Appendix A, Criterion 6(1).
4.2.3.2

Compliance with Applicable or Relevant and Appropriate Requirements

Alternative 3 would comply with ARARs since FUSRAP-related COCs in soil exceeding
ARAR-based PRGs within the first 1.5 m (5 ft) bgs would be removed and disposed of off site
and the excavation would be backfilled and seeded in accordance with the approved site
restoration plan.
Alternative 3 would comply with 10 CFR 40, Appendix A, Criterion 6(6). As described in
section 3.5.2, soils with FUSRAP-related COCs exceeding ARAR-based PRGS within the first
1.5 m (5 ft) bgs would be removed and disposed of off-site.
Alternative 3 would comply with 10 CFR 40, Appendix A, Criterion 12. As described in section
3.5.8, inspections would be conducted throughout the project life to ensure that the remedy
remains effective and protective.
4.2.3.3

Long-Term Effectiveness and Permanence

Under Alternative 3, the removal and off-site disposal of FUSRAP-related contaminated soil
would be highly effective in the long term and result in a reduction in on-site exposure. The
anticipated magnitude of residual FUSRAP-related COCs in soil would be low since the source
of contamination would be at depths that would not be exposed via natural erosion within the
projected 1,000-year time frame. However, LUCs are required throughout the 1,000-year O&M
period to ensure that the deeper buried FUSRAP-related materials are not disturbed.
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4.2.3.4

Reduction of Toxicity, Mobility, or Volume through Treatment

Treatment is not proposed under Alternative 3. However, waste minimization practices proposed
under this alternative, such as radiological scanning and sorting, may reduce the volume of soil
requiring off-site disposal. Also, treatment of characteristically hazardous waste may be required
for disposal purposes.
4.2.3.5

Short-Term Effectiveness

Short-term effectiveness is a potential concern for Alternative 3 due to potential additional shortterm risks to site workers and the community during excavation, handling, and transportation of
the contaminated soil. However, the volume of soil being excavated is small, and these risks
would be mitigated by following safety measures and processes defined in the site safety and
health plan, the site operations plan, and the waste management, transportation and disposal plan.
4.2.3.6

Implementability

No specialized equipment, personnel, or services are required to implement Alternative 3. Soil
excavation, transport, and disposal activities use readily available resources and conventional
earth-moving equipment.
No administrative problems are anticipated that would limit the implementability of Alternative
3. LUCs would be implemented over the 1,000-year period. LUCs that would require the
involvement of local government to implement, monitor, and maintain, would need to be
resolved prior to alternative implementation. Currently there is no agreement between the federal
government and the Town of Tonawanda regarding implementation of LUCs, and such an
agreement would be required if additional LUCs are necessary beyond what the state requires of
the town to implement as part of their landfill closure. This alternative would require some
coordination of remediation activities with the Town of Tonawanda to minimize health and
safety risks to on-site personnel, and the community, but it is expected that this would be
successfully accomplished.
4.2.3.7

Cost

The estimated capital cost to implement Alternative 3 is $10,341,038, and the estimated annual
O&M cost is $62,237. The capital costs include preparation of a remedial design work plan,
excavation, confirmatory sampling, transport, off-site disposal, site restoration, and preparation
of a remedial action completion report and long-term management plan. The O&M costs include
the cost for performance of annual inspections, maintenance of LUCs, and conduct of five-year
reviews. The estimated total present worth cost of Alternative 3 is $12,157,626. Detailed cost
estimate information can be found in Appendix D.
4.2.4

Alternative 4: Deep Excavation and Off-site Disposal of FUSRAP-related Material

As described in Section 3.6, Alternative 4 consists of excavation of impacted soil exceeding
PRGs and subsequent off-site disposal to a properly permitted off-site disposal facility,
consistent with the disposal site WAC. Approximately 30,567 m3 (39,980 yd3) of soil (ex situ)
would be excavated from the Landfill OU of the Tonawanda Landfill Vicinity Property, with
approximately 18,834 m3 (24,634 yd3) of that ex situ soil volume exceeding PRGs and requiring
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off-site disposal. The contaminated soils would be shipped to an off-site disposal facility in
intermodal containers via rail.
4.2.4.1

Overall Protection of Human Health and the Environment

Alternative 4 is protective of human health and the environment. Removal of radiologically
contaminated soil above PRGs would limit risks from exposure to contaminated soil to within
acceptable levels.
4.2.4.2

Compliance with Applicable or Relevant and Appropriate Requirements

Alternative 4 would comply with ARARs since all soils with FUSRAP-related COCs exceeding
ARAR-based PRGs identified in Table 7 would be removed and disposed of off site.
Alternative 4 would comply with 10 CFR 40, Appendix A, Criterion 6(6). As described in
section 3.6.2, soils with FUSRAP-related COCs exceeding ARAR-based PRGS within the
impacted areas would be removed. Once the excavations are backfilled with clean material
available from local sources the radon flux would not exceed the ARAR limit.
4.2.4.3

Long-Term Effectiveness and Permanence

Under Alternative 4, the excavation and removal of contaminated soil would be highly effective
in the long term and result in a permanent reduction in on-site exposure. The anticipated
magnitude of residual FUSRAP-related COCs in soil would be low since the source of
contamination would be removed. Additionally, the effectiveness of the remedy does not rely on
LUCs or long-term O&M.
4.2.4.4

Reduction of Toxicity, Mobility, or Volume through Treatment

Treatment is not proposed under Alternative 4. However, waste minimization practices proposed
under this alternative, such as radiological scanning and sorting, may reduce the volume of soil
requiring off-site disposal. Also, treatment of characteristically hazardous waste may be required
for disposal purposes.
4.2.4.5

Short-Term Effectiveness

Short-term effectiveness is a potential concern for Alternative 4 due to potential additional shortterm risks to site workers and the community during excavation, handling, and transportation of
the larger volume of contaminated soil. Additionally there is the risk that the deep excavation
into the landfill presents a greater opportunity to encounter unknown chemical hazards, as well
as a greater chance for odor issues and nuisance pest issues (e.g., gulls and rats) due to the
duration required to complete the alternative. These risks would be mitigated by following safety
measures and processes defined in the site safety and health plan; the site operations plan; and
the waste management, transportation and disposal plan.
4.2.4.6

Implementability

No specialized equipment, personnel, or services are required to implement Alternative 4. Soil
excavation, transport, and disposal activities use readily available resources and conventional
earth-moving equipment. However, additional challenges could arise due to the high water table
in the areas of concern, and the potential need for significant dewatering activities in the deep
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excavations. The geotechnical conditions in the deeper landfill material (i.e., high
compressibility, with loosely packed and highly porous texture) and the saturated nature of the
deeper material would not appear amenable to controlled excavation. This would present a
greater risk to worker safety in the excavation due to potential sidewall slumping, and require
more extensive excavation cutbacks and/or sidewall shoring. The possible slumping of
excavation walls dug into the landfill would also present a greater chance for the mixing of
uncontaminated sidewall soils with contaminated soils in the excavation, require a sorting
technology to screen the mixed excavation material. Additionally the use of sheet pile as shoring
to dam the excavation areas would preclude radiologically screening the pit walls for
undelineated contamination.
No administrative problems are anticipated that would limit the implementability of Alternative
4. This alternative would require some coordination of remediation activities with the Town of
Tonawanda to minimize health and safety risks to on-site personnel, and the community, but it is
expected that this would be successfully accomplished.
4.2.4.7

Cost

The estimated capital cost to implement Alternative 4 is $55,400,759, and the estimated annual
O&M cost is $0. The capital costs include preparation of a remedial design work plan,
excavation, confirmatory sampling, transport, off-site disposal, site restoration, and preparation
of a remedial action completion report. The O&M costs would be $0 as there are no long-term
O&M or monitoring components required as part of Alternative 4. Therefore the estimated total
present worth cost of Alternative 4 is $55,400,759. Detailed cost estimate information can be
found in Appendix D.
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Table 15 - Summary of Detailed Analysis of Alternatives
Criteria

Human Health Protection
Environmental Protection

Chemical Specific ARARs

Magnitude of Residual Risk

Adequacy of Controls

Reliability and Permanence of Controls

Long-Term Management

Reduction of Toxicity, Mobility , or Volume
through Treatment

Protection of Community during Remedial
Action

Alternative 1: No Action

Alternative 3: Targeted Shallow Removal
and Off-site Disposal of FUSRAP-related
Material
Overall Protection of Human Health and the Environment

Not Protective
Unacceptable risk to future human receptors
from exposure to contaminated soil.
Not Protective

Alternative 2: Single-layer Capping of
FUSRAP-related Material

Protective

Protective

Protective

Protective

Protective

Protective

Compliance with Applicable or Relevant and Appropriate Requirements
Not Compliant
Current concentrations of FUSRAP-related
Compliant
Compliant
COCs in soil exceed ARAR-based PRGs.
Long-Term Effectiveness and Permanence
Protective
Not Protective
Protective
Providing LUCs and the cap are properly
Potential future exposures would exceed the
Providing LUCs are properly maintained.
maintained.
acceptable NCP risk range.
Protective
Protective
There are uncertainties regarding the ability to There are uncertainties regarding the ability to
No LUCs
ensure protectiveness over a 1,000-year
ensure protectiveness over a 1,000-year
period.
period.
Not Protective
Protective
This alternative does not assure controls will
Providing LUCs are properly maintained and
Protective
remain in place and does not provide any
necessary maintenance is performed on the
Providing LUCs are properly maintained.
additional new controls in the future.
single-layer cap.
Yes
Yes
Alternative would not meet UU/UE levels.
Alternative would not meet UU/UE levels.
Radon monitoring and verification of
None
Verification of maintenance of LUCs and
maintenance of cap, LUCs and remedy
remedy protectiveness required.
protectiveness required.
Reduction of Toxicity, Mobility, and Volume
None
Waste minimization practices may reduce the
volume of contaminated soil requiring
None
None
disposal, and treatment of characteristically
hazardous waste may be required for disposal
purposes.
Short-Term Effectiveness

Protective
No additional health effects in the short term
due to no action taken.

Alternative 4: Deep Excavation and
Off-site Disposal of FUSRAP-related
Material

Protective
No excavation, handling, or transportation of
contaminated soil is proposed under this
alternative.
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Protective
Potential additional short-term risks to the
community during excavation, handling, and
transportation of contaminated soil. However,
the risk is limited as the excavated soil volume
is small, and risks will be mitigated by using
standard controls such as dust control.

Compliant

Protective
The source of contamination would be
removed.
No LUCs

Protective
The excavation and off-site disposal is reliable
and considered a permanent solution.

None

None
Waste minimization practices may reduce the
volume of contaminated soil requiring
disposal, and treatment of characteristically
hazardous waste may be required for disposal
purposes.
Protective
Potential additional short-term risks to the
community during excavation and handling of
larger volume of contaminated soil. Greater
potential for odor and nuisance pest issues due
to depth of excavation and construction
duration. However, risks will be mitigated by
using standard controls such as dust control.

Criteria

Protection of Workers during Remedial
Action

Environmental Impacts

Time Until RAOs are Achieved

Technical Feasibility

Protective
No additional health affect in the short term
due to no action taken.

Protective

RAOs would not be achieved

Feasible
No technical concerns since no action would
be taken.

Administrative Feasibility

Feasible
No administrative concerns since no action
would be taken.

Availability of Services, Equipment, and
Technology

No services or equipment needed since no
action would be taken.

Capital Cost
Annual O&M Cost
Total Present Worth Costb
a.
b.

Alternative 1: No Action

$0
$0
$0

Alternative 2: Single-layer Capping of
FUSRAP-related Material
Protective
No excavation, handling, or transportation of
contaminated soil is proposed under this
alternative. Safety measures and processes
defined in the Site Safety and Health Plan will
minimize risks associated with equipment
operation to construct the single-layer cap.
Protective
No excavation or handling of contaminated
soil is proposed under this alternative and the
single-layer cap would reduce contaminant
leaching to groundwater and preclude surface
water impacts.
Remedy implemented in 76 weeks. RAOs
achieved through a 1,000-year O&M period.
Implementability

Feasible

Feasible
Potential objection by landowner and state
regulators due to single-layer cap extending
into the 100-foot buffer.
Standard services, equipment, and technology
are used for this alternative and are readily
available.
Costa
$8,038,999
$81,884
$10,550,838

Alternative 3: Targeted Shallow Removal
and Off-site Disposal of FUSRAP-related
Material
Protective
The excavation and handling of contaminated
soil does pose risk to remedial action workers.
Safety measures and processes defined in the
Site Safety and Health Plan will minimize
these risks.
Protective
Due to the impacts associated with excavation
and handling of contaminated soil due to dust
generation and the effects of rainfall and
runoff. Dust suppression and storm-water
management will be critical to minimize these
effects.
Remedy implemented in 73 weeks. RAOs
achieved through a 1,000-year O&M period.

Feasible

Feasible
Due to depth of excavation, greater chance for
encountering significant amounts of
excavation water, and increased difficulty in
ensuring sidewall stability.

Feasible

Feasible

Standard services, equipment, and technology
are used for this alternative and are readily
available.

Standard services, equipment, and technology
are used for this alternative and are readily
available.

$10,341,038
$62,237
$12,157,626

$55,400,759
$0
$55,400,759

All costs (capital and O&M) include contingency
Discount rate of 3.33 percent (%) applied over the duration of O&M for the alternative. The O&M duration for Alternatives 2 and 3 is 1,000 years. There is no O&M cost associated with Alternatives 1 and 4
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Alternative 4: Deep Excavation and
Off-site Disposal of FUSRAP-related
Material
Protective
The excavation and handling of contaminated
soil does pose risk to remedial action workers.
Due to the depth of the excavation additional
worker short-term risks are expected. Safety
measures and processes defined in the Site
Safety and Health Plan will minimize these
risks.
Protective
Due to the impacts associated with excavation
and handling of contaminated soil due to dust
generation and the effects of rainfall and
runoff. Dust suppression and storm-water
management will be critical to minimize these
effects.
Remedy implemented and RAOs achieved in
122 weeks.

5.0

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

5.1

Introduction

In this section, the alternatives undergo a comparative analysis for the purpose of identifying the
relative advantages and disadvantages of each alternative on the basis of the detailed analysis
provided in the previous section. The comparative analysis provides a means by which remedial
alternatives can be directly compared to one another with respect to common criteria. Overall
protection and compliance with ARARs are threshold criteria that must be met by any alternative
for it to be eligible for selection. The other criteria, consisting of long-term effectiveness and
permanence; reduction of contaminant toxicity, mobility, or volume through treatment; shortterm effectiveness; implementability; and cost; are the primary balancing criteria used to select a
preferred remedy among alternatives satisfying the threshold criteria.

5.2

Comparison Using CERCLA Criteria

5.2.1

Overall Protection of Human Health and the Environment

All remedial alternatives, except Alternative 1 No Action, are protective of human health and the
environment. If no action is taken and soil at the surface of the Landfill OU is allowed to erode
over time, exposing FUSRAP-related material that is currently buried, the risks to future
recreational users of the site would exceed the NCP acceptable risk range within the 1,000-year
evaluation period. Alternative 2, Alternative 3, and Alternative 4 all effectively prevent exposure
to FUSRAP-related COCs above PRGs.
5.2.2

Compliance with ARARs

Alternative 1 does not comply with the ARARs. Alternative 2, Alternative 3, and Alternative 4
would comply with ARARs since they meet the ARAR-based performance standards.
5.2.3

Long-Term Effectiveness and Permanence

Human-health risks remaining after remediation give an indication of the long-term effectiveness
of an alternative. Human-health risks due to exposure to contaminated materials will be reduced
from the existing levels of risk by varying degrees, depending on the extent of remediation
provided by the alternatives. The deep excavation and off-site disposal of FUSRAP-related
material alternative (Alternative 4) provides the greatest long-term effectiveness because it
would remove, for permanent off-site disposal, all soils above ARAR-based PRGs. The targeted
shallow removal and off-site disposal of FUSRAP-related material alternative (Alternative 3) is
effective at minimizing exposure as it would remove all contamination that could possibly
become exposed due to natural forces within the 1,000-year evaluation period, but relies on
LUCs to continue to be protective in the long term. The single-layer capping of FUSRAP-related
material alternative (Alternative 2) is effective at minimizing exposure to soils above ARARbased PRGs, but relies on LUCs, cap maintenance, and environmental monitoring to continue to
be protective in the long term. The no-action alternative (Alternative 1) would not be effective in
the long term as the contaminated materials would remain at the site and would not be
controlled.
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5.2.4

Reduction of Toxicity, Mobility, or Volume through Treatment

None of the alternatives incorporate the treatment of soil to reduce contaminant volume, toxicity,
or mobility. However, waste minimization practices (radiological scanning and sorting) and
potential treatment of characteristically hazardous waste as required for disposal purposes under
Alternative 3 and Alternative 4 may reduce the volume of soil requiring off-site disposal.
5.2.5

Short-Term Effectiveness

Among the alternatives, Alternative 1 is rated the highest in short-term effectiveness as there are
no actions that would increase the potential for accidental exposure or accidents due to activities
on the site as a result of the remedial alterative. Alternative 2 is rated as high in short-term
effectiveness, Alternative 3 is rated as moderate, and Alternative 4 is rated as low. The biggest
difference in short-term effectiveness is due to the potential for accidents from the excavation
and transportation of soil. The potential for exposure to contaminated media, as well as
encountering unknown chemical hazards, odor issues, and nuisance pest issues in the landfill,
also increases under soil excavation, handling, and transportation scenarios. Though they both
involve excavation within the landfill, Alternative 3 is rated higher than Alternative 4 due to the
shallower excavation and smaller excavated soil volume associated with implementing the
alternative.
5.2.6

Implementability

Among the alternatives, Alternative 1 is rated the highest in implementability, as there are no
actions taken. Among the alternatives where action is undertaken, Alternative 3 is rated highest
in implementability because excavation and off-site disposal activities use common equipment,
materials, and supplies, and are readily implemented. No significant problems related to
coordinating remediation activities with the landowner or other agencies are anticipated.
Alternative 2 is rated as moderate in implementability. No technical difficulties are anticipated
for Alternative 2 since most materials for the cap would be available from local sources and
capping activities use readily available resources. However, administrative implementability
issues are anticipated for Alternative 2 since it may impede the Town of Tonawanda’s ability to
comply with 6 NYCRR Part 360-2.13(a)(1) and a waiver may be required. While Alternative 4
uses common equipment and materials like Alternative 3, it is rated low in implementability, due
to the challenges posed by the much deeper excavation. The high water table in the areas of
concern could generate significant groundwater collection and control implementability
challenges. In addition there would be an increased difficulty in maintaining sidewall stability
due to the depth of the excavation along with the uncertainty and variability in the composition
of the landfill.
5.2.7

Cost

Among the alternatives where action is undertaken, Alternative 2 has the lowest capital and total
present worth costs, but the highest annual O&M cost, over a duration of 1,000 years.
Alternative 4 has the highest capital and total present worth cost, but no annual O&M costs.
Alternative 3 is between Alternatives 2 and 4 with respect to capital, annual O&M, and total
present worth costs.
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5.3

Summary of Comparative Analysis

The comparative analysis of alternatives based upon the above criteria provides the basis for
selection of the preferred alternative. The preferred alternative must meet the CERCLA threshold
criteria of overall protection of human health and the environment and compliance with ARARs,
but the balancing criteria (long-term effectiveness and permanence, short-term effectiveness,
reduction of toxicity, mobility, or volume through treatment, implementability, and cost) and
modifying criteria (state and community acceptance) are also considered in the selection process.
Table 16 summarizes the comparative analysis of the four remedial alternatives. Community and
state acceptance criteria are not assessed in Table 16, but will be fully addressed after the public
comment period following issuance of the proposed plan.
Table 16 - Comparative Analysis of Remedial Alternatives

Criteria

Alternative 1:
No Action

Alternative 2:
Single-layer
Capping of
FUSRAPrelated
Material

Alternative 3:
Targeted
Shallow
Removal and
Off-site
Disposal of
FUSRAPrelated
Material

Alternative 4:
Deep
Excavation
and
Off-site
Disposal of
FUSRAPrelated
Material

Threshold Criteria
Overall Protection of
Human Health and the
Environment
Compliance with
ARARs

Not Protective

Protective

Protective

Protective

Not Compliant

Compliant

Compliant

Compliant

Balancing Criteria
Long-Term
Effectiveness and
Permanence
Reduction of Toxicity,
Mobility, or Volume
through Treatment
Short-Term
Effectiveness
Implementabilityb
Capital Cost
Annual O&M Cost
Total Present Worth
Costc
a.

b.
c.

Low

Low

Moderate

High

None

None

Nonea

Nonea

High

High

Moderate

Low

High
$0
$0

Moderate
$8,038,999
$81,884

High
$10,341,038
$62,237

Low
$55,400,759
$0

$0

$10,550,838

$12,157,626

$55,400,759

Waste minimization practices, such as radiological scanning and soil sorting , and treatment of characteristically hazardous waste for
disposal purposes proposed under this alternative may reduce the volume of contaminated soil requiring disposal or mobility of
contaminants, respectively.
The overall implementability is based on the lower of the rankings for technical and administrative implementability.
Discount rate of 3.33 percent (%) applied over the duration of O&M for the alternative.
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6.0

CONCLUSIONS

The purpose of the FS was to evaluate potential remedial alternatives in order to determine the
feasibility of each in regards to mitigating the potential risk to human health and the environment
posed by FUSRAP-related COCs at the Landfill OU of the Tonawanda Landfill Vicinity
Property. To achieve this objective, GRAs were initially identified to address the impacted media
(i.e., soil contaminated with FUSRAP-related COCs above PRGs) as discussed in Section 2.4.
The GRAs developed for the Landfill OU of the Tonawanda Landfill Vicinity Property included
LUCs, Containment, Removal, Treatment, and Disposal.
Technology types and process options were identified for each GRA based upon research
performed by the DOE, USACE, and USEPA on remediation of radiological wastes and
previous CERCLA and FUSRAP remediation projects. The process options examined included
conventional, emerging, and innovative technologies. The remedial technologies and process
options were initially screened based upon the technical implementability of the technology or
process option and its ability to satisfy the RAOs.
Remedial technologies and process options that were considered technically implementable were
subject to a more detailed screening based upon their effectiveness, implementability, and cost.
Of these criteria, effectiveness was considered the most important. Implementability and cost
were factored into the assessment only to determine the final screening decision as to whether
the technology or process option was to be retained for refinement into remedial alternatives.
The remedial alternatives were based upon NCP and CERCLA requirements and included a noaction alternative. Three remedial action alternatives were developed from the technologies and
process options that passed the initial screening and evaluation. The four remedial action
alternatives include: No Action; Single-layer Capping of FUSRAP-related Material; Targeted
Shallow Removal and Off-site Disposal of FUSRAP-related Material; and Deep Excavation and
Off-site Disposal of FUSRAP-related Material.
Alternative 1: No Action, assumes no remedial action would be implemented to address
FUSRAP-related COCs in soil at the Landfill OU of the Tonawanda Landfill Vicinity Property.
Impacted soil would remain at current locations. In addition, access controls, such as a site
security fence, would not be maintained, and environmental monitoring would not be performed.
The no-action alternative provides no additional protection to human health and the environment
over baseline conditions.
Alternative 2: Single-layer Capping of FUSRAP-related Material, combines the installation and
maintenance of a single-layer cap with LUCs, environmental monitoring, and cap maintenance
and repair over a 1,000-year O&M period. Impacted soil exceeding the remediation goals would
be covered in place by a low permeability single-layer cap. The cap would function as a barrier
to reduce potential radiation exposure to site users. In addition, the cap would restrict the
migration of contaminants through dispersion and through transport by infiltrating precipitation.
Alternative 3: Targeted Shallow Removal and Off-site Disposal of FUSRAP-related Material,
consists of removal of soil exceeding PRGs within the first 1.5 m (5 ft) bgs only, and subsequent
off-site disposal to a properly permitted off-site disposal facility. Approximately 1,168 m3 (1,528
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yd3) of soil (in situ) would be removed from the Landfill OU of the Tonawanda Landfill Vicinity
Property. The soil would be staged at on-site staging areas for sorting and confirmation
sampling. Contaminated debris, which will be encountered in some areas of the site, would be
downsized to meet requirements of the receiving disposal facility. Approximately 1,518 m3
(1,986 yd3) of contaminated soil (ex situ) would be transported from the Landfill OU of the
Tonawanda Landfill Vicinity Property and disposed of in a licensed or permitted disposal facility
off site. LUCs would be implemented and maintained over a 1,000-year O&M period.
Alternative 4: Deep Excavation and Off-site Disposal of FUSRAP-related Material, consists of
excavation of all soil exceeding PRGs and subsequent off-site disposal to a properly permitted
off-site disposal facility. Approximately 23,512 m3 (30,753 yd3) of soil (in situ) would be
excavated from the Landfill OU of the Tonawanda Landfill Vicinity Property. The soil would be
staged at on-site staging areas for sorting and confirmation sampling. Contaminated debris,
which will be encountered in some areas of the site, would be downsized to meet requirements of
the receiving disposal facility. Approximately 18,833 m3 (24,633 yd3) of contaminated soil (ex
situ) would be transported from the Landfill OU of the Tonawanda Landfill Vicinity Property
and disposed of in a licensed or permitted disposal facility off site. There would be no post
remediation O&M and monitoring for this alternative.
The four remedial alternatives were subsequently subjected to a detailed analysis to compare
each alternative against seven of the nine CERCLA evaluation criteria, grouped in two categories
based upon their level of relative importance: threshold criteria and balancing criteria.
Threshold criteria (overall protection of human health and the environment; and compliance with
ARARs) had to be satisfied for a remedial alternative to be considered a viable remedy. The five
balancing criteria (long-term effectiveness and permanence; reduction of toxicity, mobility, or
volume through treatment; short-term effectiveness; implementability; and cost) represented the
primary criteria upon which the detailed analysis was based. Table 16 summarizes the
comparative evaluation of each alternative against the CERCLA threshold and balancing criteria.
The following presents a brief discussion of the threshold and balancing criteria, indicating
which alternative best satisfies each criterion.
Overall protection of human health and the environment: Alternatives 2, 3, and 4 protect human
health and the environment.
Compliance with ARARs: Alternatives 2, 3, and 4 comply with the ARARs identified for the site.
Long-term effectiveness and permanence: Alternative 4 provides the best long-term effectiveness
and permanence, as all impacted soils above the PRGs would be removed from the site and
transported to an off-site disposal location. Alternative 4 also does not require any long-term
O&M, or monitoring to ensure protectiveness.
Reduction of toxicity, mobility, or volume through treatment: None of the alternatives reduce
toxicity, mobility, or volume through treatment, as none of the alternatives include treatment as a
component.
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Short-term effectiveness: Of the three alternatives that include action, Alternative 2 provides the
best short-term effectiveness, as it requires minimal disturbance of contaminated soils, and
therefore presents less risk to workers, the general public, and the environment during
implementation of the remedy.
Implementability: All of the alternatives that include action have challenges to implementability.
Alternative 3 provides the best overall implementability. It uses standard equipment, materials
and supplies, while not encountering the challenges generated by deep excavation as utilized in
Alternative 4; and it does not face the same administrative implementability challenges
associated with Alternative 2.
Cost: Of the three alternatives that include action, Alternative 2 has the lowest estimated capital
and total present worth costs, while Alternative 4 has the lowest annual O&M cost.
The remaining two of the nine CERCLA criteria (state acceptance and community acceptance),
referred to as modifying criteria, are typically evaluated following public comment on the
preferred alternative in the proposed plan, and will be addressed during preparation of the ROD.
In accordance with the NCP, the preferred alternative will be presented to the public in the
proposed plan for review and comment. Public input on the remedial alternatives is important in
the selection process. Based on the comments received, the preferred remedy may be modified or
another remedy may be selected. The final remedy will be formalized in a ROD.

111

This page is intentionally left blank.

112

7.0

REFERENCES

Bechtel National, Inc. (BNI) 1995. Technical memorandum from Joann Sims, BNI Oak Ridge,
TN (Tonawanda Landfill Field Sampling Results) to Eric T. Newberry, BNI Oak Ridge, TN,
October 9.
Canadian Council of Ministers of the Environment (CCME) 2011. Uranium: Scientific Criteria
Document for the Development of the Canadian Water Quality Guidelines for the Protection of
Aquatic Life. Canadian Council of Ministers of the Environment, Winnipeg. PN 1451.
EG&G Energy Measurements Group 1984. An Aerial Radiological Survey for 241 Am
Contamination in Tonawanda, New York. EGG-10282-1063, (EG&G Energy Measurements
Group is now called Bechtel Nevada), October.
Evanko, C. R., and D. A. Dzombak. 1997. Remediation of Metals-Contaminated Soils and
Groundwater. Technical evaluation report TE-97-01, Ground-Water Remediation Technologies
Analysis Center, Pittsburgh, PA.
Federal Remediation Technologies Roundtable (FRTR) 2009. Remediation Technologies
Screening Matrix and Reference Guide, Version 4.0, found at http://www.frtr.gov/.
New York State Department of Environmental Conservation (NYSDEC) 2007. Site Visit Report,
Town of Tonawanda Landfill Neighboring Properties. Division of Solid and Hazardous
Materials, Bureau of Hazardous Waste and Radiation Management, Radiation Section, May 15,
2007 – June 13, 2007.
NYSDEC 2008. Town of Tonawanda Landfill Vicinity Residential Sump Water Testing Report,
Division of Solid and Hazardous Materials, Region 9, August 2008.
Oak Ridge National Laboratory (ORNL) 1990. Results of Mobile Gamma Scanning Activities in
Tonawanda, New York, Measurements Applications and Development Group, Oak Ridge, TN.
December.
ORNL 1992. Results of the Radiological Survey at the Town of Tonawanda Landfill,
Tonawanda, New York (TNY001), ORNL/RASA-92/12, Measurements Applications and
Development Group, Oak Ridge, TN. October.
Town of Tonawanda 2008. Town of Tonawanda Local Waterfront Revitalization Program
Amendment. April.
United States Army Corps of Engineers (USACE) 1999. Technical Memorandum. Radiological
Human Health Assessment for the Town of Tonawanda Landfill, Tonawanda, New York. USACE
Buffalo District, February.
USACE 2005. Remedial Investigation Report Tonawanda Landfill Vicinity Property,
Tonawanda, New York. USACE Buffalo District, April.

113

USACE 2007a. Proposed Plan for the Tonawanda Landfill Vicinity Property Site, Tonawanda,
New York. USACE Buffalo District, January.
USACE 2007b. Transcript of Public Meeting for the Proposed Plan for the Tonawanda Landfill
Vicinity Property, Tonawanda High School, Tonawanda, NY April 25, 2007, USACE Buffalo
District, April.
USACE 2008a. Addendum to the Feasibility Study for the Seaway Site, Tonawanda, NY. USACE
Buffalo District, April.
USACE 2008b. Record of Decision for the Mudflats Operable Unit of the Tonawanda Landfill
Vicinity Property, Tonawanda, NY. USACE Buffalo District, September.
USACE 2008c. Safety and Health Requirements, Engineering Manual 385-1-1, September 15.
USACE 2011. Final Report for the Phase 2 Remedial Investigation at the Tonawanda Landfill
Operable Unit at the Tonawanda FUSRAP Site in Tonawanda, NY, USACE Buffalo District,
February.
USACE 2012a. Updated Baseline Risk Assessment for the Landfill Operable Unit of the
Tonawanda Landfill Vicinity Property, Tonawanda, NY. USACE Buffalo District, June.
USACE 2012b. Tonawanda Landfill Vicinity Property Environmental Monitoring Data Release,
2012 Sampling Event, Tonawanda, NY, USACE Buffalo District, December.
USACE 2014. Tonawanda Landfill Vicinity Property Environmental Monitoring Data Release,
2013 Sampling Event, Tonawanda, NY, USACE Buffalo District, April.
United States Army Geospatial Center (USAGC) 2009. Tonawanda Landfill and Mudflats Area
GIS-Based Historical Photographic Analysis., April 2009.
United States Department of Defense, U.S. Department of Energy, U.S. Environmental
Protection Agency, and the U.S. Nuclear Regulatory Commission (DOD, et.al.) 2000, MultiAgency Radiation Survey and Site Investigation Manual (MARSSIM) Revision 1. August.
United States Department of Energy (DOE) 1992. Document No. 098386, Memorandum –
Designation of Tonawanda Vicinity Properties. U.S. Department of Energy. December.
United States Environmental Protection Agency (USEPA) 1997. Exposure Factors Handbook,
Volumes I, II, and III, USEPA/600/P-95/002Fa-c, USEPA, Office of Research and Development,
Washington, DC.
USEPA 1988. Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA. USEPA/540/G-89/004, Office of Emergency and Remedial Response, Washington,
D.C. October.

114

USEPA 1990. National Oil and Hazardous Substances Pollution Contingency Plan, Final Rule,
FR Vol. 55, No. 46, available from U.S. Government Printing Office, Washington, D.C. USEPA
402-R-99-004(A&B). March 8, 1990.
USEPA 1996. Technology Screening Guide for Radioactively Contaminated Sites, 402-R-96017, Office of Air and Radiation, Office of Solid Waste and Emergency Response, Washington
D.C., November.
Yim, Man-Sung and Murty, K. Linga 2000. Materials Issues in Nuclear-Waste Management;
Journal of the Minerals, Metals, and Materials Society (JOM). September.

115

This page is intentionally left blank.

116

Appendix A: Surface Water and Groundwater Flow and Contaminant
Transport Analysis

[This page is intentionally left blank]

Table of Contents
Acronyms, Abbreviations, and Units of Measure ......................................................................................... 5
1.0

Introduction ...................................................................................................................................... 7

1.1
2.0

Surface-water Hydrology and Contamination .............................................................................. 7
Geology ............................................................................................................................................. 9

2.1

Regional Geologic Setting ............................................................................................................. 9

2.2

Site Geology .................................................................................................................................. 9

2.2.1

Unconsolidated Glacial Sediments........................................................................................ 9

2.2.2

Bedrock Geology ................................................................................................................. 10

2.3

Hydrogeology .............................................................................................................................. 10

2.3.1

Regional Hydrogeology ....................................................................................................... 10

2.3.2

Site Hydrogeology ............................................................................................................... 11

3.0

Groundwater and Surface Water Quality and Usage .................................................................... 14

4.0

Groundwater Transport .................................................................................................................. 16

4.1

Groundwater Contaminant Source Zone .................................................................................... 17

4.1.1

Solubility of Radionuclides of Interest ................................................................................ 17

4.1.2

Evaluation of Source-area Contaminant Leaching .............................................................. 18

4.2

Transport of Uranium in the Subsurface .................................................................................... 19

4.2.1

Flow Variables Governing Uranium Transport.................................................................... 19

4.2.2

Geochemical Conditions Governing U Transport ............................................................... 20

4.2.3

Soil Partitioning in the Landfill ............................................................................................ 22

4.2.4

Uranium Source Term Estimation ....................................................................................... 23

5.0

Groundwater Modeling .................................................................................................................. 24

5.1

Groundwater Model Domain ...................................................................................................... 25

5.2

Hydrogeologic Boundaries .......................................................................................................... 25

5.3

Hydrogeologic Inputs .................................................................................................................. 26

5.4

Uranium Transport Inputs........................................................................................................... 26

5.5

Flow Calibration .......................................................................................................................... 27

5.5.1

Observed and Simulated Head Targets............................................................................... 28

5.5.2

Calibration Statistics............................................................................................................ 28

A-1

5.5.3
5.6

Volumetric Flow Budget...................................................................................................... 29

Parameter Sensitivity .................................................................................................................. 30

5.6.1

Hydraulic Conductivity ........................................................................................................ 30

5.6.2

Recharge ............................................................................................................................. 30

6.0

Groundwater Transport Analysis .................................................................................................... 30

6.1

Input Parameters ........................................................................................................................ 31

6.2

Transport Results ........................................................................................................................ 32

6.2.1

Baseline Transport and Targeted Shallow Removal Action Model (Modeled Alternative A)
32

6.2.2

Capping In Place (Modeled Alternative B) .......................................................................... 33

6.2.3

Deep Excavation and Off-site Disposal (Modeled Alternative C) ....................................... 34

6.3

Transport Uncertainty................................................................................................................. 36

7.0

Summary and Conclusion ............................................................................................................... 37

9.0

References ...................................................................................................................................... 40

A-2

List of Tables
Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.
Table 10.

Ambient Groundwater Assessment
Surface-water and Groundwater Sampling Result Summary
Unfiltered and Non-filtered Groundwater Sampling Results
Groundwater Elevation Measurements
Redox Designation for Groundwater
Soil-water Partitioning (Kd) Assessment
Groundwater Flow and Transport Model Input Summary
Calibration Data and Statistical Assessment
Volumetric Flow Balance
Sensitivity Analysis Summary

List of Figures
Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20a.
Figure 20b.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27a.
Figure 27b.
Figure 28.
Figure 29.

Site Location Map
Tonawanda Landfill Vicinity Property, Hydrology, Operable Unit Boundaries,
and 2010 Investigation Areas
Historical Aerial Orthophotograph From 1951
Planimetric Map of Contamination and Cross Section Lines
Contaminant Distribution Cross Sections A, B, C, D
Contaminant Distribution Cross Sections E, F, G, H
Phase 1 Town of Tonawanda Landfill Cap
Phase 2 Town of Tonawanda Landfill Cap
FUSRAP-area Surface-water Drainage Pathways and Uranium Impacts To Water
RI Groundwater Level Map and Current Uranium Plume
Groundwater Mound and Discharge Conceptualization
Regional Physiography
Regional Glacial Sediments
Extent of Glacial Lake Tonawanda
Typical Cross Section of Waste Fill and Local Glacial Sediments
Top of Bedrock Elevations
Groundwater Level Trends in Landfill Waste Monitoring Wells
Groundwater Level Trends in Native Soil Monitoring Wells
Regionally Interpolated Groundwater Elevations
March 2012 Landfill Groundwater Elevations and Contours
April 2013 Landfill Groundwater Elevations and Contours
Uranium Speciation Diagram
Combined Uranium Concentration Map for Surface Water and Groundwater
Collocated Soil, Surface-water, and Groundwater Impacts
Oxidataion Reduction (Redox) Potential Values in Landfill Groundwater
Trends of Redox Indicators
Trends of Redox Indicators and Uranium
Volatile Organic Compounds (VOCs) and in Soil
Total Polycyclic Aromatic Hydrocarbons (PAHs) in Soil
Uranium Transport Model Source Area
Groundwater Modeling Domain

A-3

Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.

Landfill Waste Model Boundaries
Glacial Sediment Model Boundaries
Contact-zone Aquifer Model Boundaries
Calibrated Recharge Distribution
Calibrated Hydraulic Head Distribution
Hydraulic Head Response to Capping Components
Baseline Transport Prediction – No Action Alternative
Capping Alternative Transport Prediction
Excavation and Off-site Disposal Prediction With An Integrated Town Cap Over
FUSRAP Area
Excavation and Off-site Disposal Prediction With No Integrated Town Cap Over
FUSRAP Area
Excavation and Off-site Disposal Prediction – Remedial Excavation Dewatering
and Integrated Town Capping
Groundwater Discharge Risk to Ecologic Resources After Removal Alternative
Baseline Plume Extents Derived From Varying Uranium Kd Values

A-4

Acronyms, Abbreviations, and Units of Measure
3-D
bgs
BNI
BRA
ºC
CERCLA
CFR
cm
cm/s
COCs
CWQG
cmd
cfd
DOE
EU
ºF
FS
ft
ft2
FUSRAP
GMS
gpm
HELP
IA
in
K
Kd
km
L/m
m
m2
MCL
MED
mi
mg/L
mL/g
MODFLOW
MODPATH
NRC
NYSDEC
OU
PAHs
pCi/g
pCi/L

Three Dimensional
below ground surface
Bechtel National Incorporated
Baseline Risk Assessment
degrees Celsius
Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations
centimeter
centimeter per second
Constituents of Concern
Canadian water quality guideline
cubic meters per day
cubic feet per day
United States Department of Energy
Exposure Unit
degrees Fahrenheit
Feasibility Study
foot (feet)
square foot (square feet)
Formerly Utilized Sites Remedial Action Program
Groundwater Modeling Software
gallons per minute
Hydrologic Evaluation and Landfill Performance
Investigative Area
inch (inches)
hydraulic conductivity
soil-partitioning coefficient
Kilometer
liter(s) per minute
meter (meters)
square meter (square meters)
Maximum Contaminant Level
Manhattan Engineer District
Miles
milligrams per liter
milliliters per gram
Modular Three-Dimensional Finite-Difference Ground-Water Flow Model
Particle-tracking postprocessor model for MODFLOW
Nuclear Regulatory Commission
New York State Department of Environmental Conservation
Operable Unit
Polycyclic Aromatic Hydrocarbons
picocuries per gram
picocuries per Liter

A-5

Acronyms, Abbreviations, and Units of Measure (continued)
PEST
pH
PRGs
Q
Ra-226
Ra-228
RAOs
RI
ROD
Rn-222
s or sec
SSL
SOR
SVOCs
TDS
Th-230
Th-232
Total U
TWP
µg/L
U-234
U-235
U-238
USACE
USEPA
VOCs
yd3

Parameter Estimation Software Tool
measure of the acidity or basicity of an aqueous solution
Preliminary Remediation Goals
volumetric flow
Radium-226
Radium-228
Remedial Action Objectives
Remedial Investigation
Record of Decision
Radon-222
Second(s)
Soil Screening Level
Sum of Ratios
Semi-Volatile Organic Compounds
Total Dissolved Solids
Thorium-230
Thorium-232
Total Uranium
Temporary Well Point
micrograms per Liter
Uranium-234
Uranium-235
Uranium-238
United States Army Corps of Engineers
United States Environmental Protection Agency
Volatile Organic Compounds
cubic yards

A-6

1.0

Introduction

The Formerly Utilized Sites Remedial Action Program (FUSRAP) Tonawanda Landfill Vicinity
Property is located in the Town of Tonawanda, New York (Figure 1). The Tonawanda Landfill
Vicinity Property is composed of two operable units (OUs); the Landfill OU and the Mudflats
OU. Figure 2 defines the Tonawanda Landfill Vicinity Property components and boundaries,
along with generalized FUSRAP-related areas originally delineated by the U.S. Army Corps of
Engineers (USACE). The Landfill OU was a clay-borrow pit that became a landfill for
incineration fly ash, sewerage treatment plant sludge, and general municipal wastes. Boring logs
and samples obtained during several investigations of the Landfill OU also indicate chemical
constituents are common in the wastes (e.g., light non-aqueous phase liquids of petroleum
providence, polynuclear aromatic hydrocarbons [PAHs], and chlorinated volatile organic
compounds [VOCs] on soils and in groundwater) (USACE 2005, USACE 2011). Historical
aerial orthophotographs indicate the FUSRAP-related materials were likely placed in the
northwestern portion of the Landfill OU around 1951 (Figure 3).
The continued landfill operation then buried the FUSRAP-related material to depths that vary
between 0.6 and 7.3 meters (m) (2 and 24 feet [ft]). Soil boring and sampling data have
delineated the extent of contamination that occurs in a near contiguous layer within the
northwestern-most portion of the Landfill OU (Figures 4, 5, and 6). This contaminant
distribution is the basis of the following surface-water and groundwater assessment and uranium
transport modeling.
Portions of the Landfill OU not impacted by FUSRAP-related material are undergoing a phased
capping approach constructed by the Town of Tonawanda, in coordination with the New York
State Department of Environmental Conservation (NYSDEC). Two capping phases, Phase 1 and
2, were designed in 2010 and constructed sequentially in 2010-12 (Phase 1) and 2013-14 (Phase
2); this document will refer to the Town’s capping effort as the “phased capping” or similar
nomenclature. Figures 7 and 8 show the extent of the phased capping extents (after EnSol 2011),
which intentionally omitted both the FUSRAP-impacted area and an adjacent area to the
northeast that is underlain by landfill wastes. The phased capping designs are constructed to
route surface water to the west and avoid inflow to the FUSRAP area. These combined
infiltration controls (landfill cap and storm-water routing) are designed to minimize aerial
recharge to the landfill wastes that will then lessen groundwater levels and outflow from the
Landfill OU.

1.1

Surface-water Hydrology and Contamination

The surface-water hydrology at the Tonawanda Landfill Vicinity Property is controlled partially
by engineered conveyances installed during the Phase 1 cap construction and Phase 2 site
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preparation. The Phase 1 cap sheds runoff from the top of the Landfill OU into swales along the
northern, eastern, and southern edges of the cap. Surface water collected by the north and east
swales discharges to a depression north of the cap, where it ponds on the land surface and either
evaporates, infiltrates, or enters a storm sewer northeast of the Landfill OU. The southern swale
discharges to a storm water retention basin that drains either into the on-site leachate collection
sewer or to Two Mile Creek during large-scale storm events (i.e., overflow events) (Figure 7).
The phased capping designs indicate that surface-water will be routed to the west end of the
landfill, where it presumably will enter the sanitary sewer during normal operation and overflow
to Two Mile Creek during large-scale storm events.
Through 2013, a storm-water swale that partly borders and overlies the FUSRAP area
demarcates the northern extent of the Phase 2 cap; this engineered swale discharges into the
retention basin seen at the western end of the Landfill OU (Figure 7). This swale does not
capture runoff from the FUSRAP area and will become the Phase 2 cap anchor trench, which
will be part of the site-wide storm-water management system. All the runoff swales exhibit
intermittent flow (ephemeral conditions) and primarily transmit storm water.
A smaller drainage swale runs parallel to the northwestern border of the Landfill OU and collects
runoff and groundwater baseflow from the FUSRAP-impacted area (see Northern Drainage
Ditch on Figures 7 and 9). Water in this swale flows southwesterly towards the engineered
retention basin, but does not enter the basin. Upon reaching the basin area, water follows a
shallow depression north of the basin that leads to a non-engineered drainage gully, which
coalesces with the balance of the engineered Landfill OU runoff at sampling location SW-14 on
Figure 9. At that point, both flows empty into Two Mile Creek southwest of SW-16 on Figure 9.
Two Mile Creek flows to the north and into the Niagara River approximately one mile north of
the Landfill OU (Malcolm Pirnie 1999).
Although the Landfill OU contains no perennial streams or associated habitat, groundwater seeps
feed the northern ditch in the FUSRAP-impacted area for up to 10 months per year. The seeps
occur where the more permeable landfill wastes contact the less permeable natural soils that are
composed of dense silty glacial till and lacustrine sediments. This transition creates a “bathtub
effect” in the Landfill OU, which promotes seepage to the land surface to alleviate the hydraulic
pressure in the landfill wastes. The 2005 Remedial Investigation discussed this effect, which is
illustrated in Figures 10 and 11 (USACE 2005). This condition is now in a state of
disequilibrium due to the phased capping and associated storm-water control measures. These
features will lessen recharge to the Landfill OU and lower site-wide groundwater levels that
should manifest lower discharge volumes to the drainage ditch in the FUSRAP area. This
condition is discussed in Section 5.0.
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2.0

Geology

2.1

Regional Geologic Setting

The Landfill OU is located near the Niagara River within the Erie-Ontario Lowland
Physiographic Unit of New York (Muller 1965 in BNI 1993). It lies between the north facing,
east-west trending Niagara Dolostone and Onondaga Limestone escarpments, both of which
parallel the Allegheny plateau of the Appalachian Upland to the south (Figure 12).
The general subsurface geology around the Landfill OU includes unconsolidated glacial deposits
at the surface that vary from 22.9 to 29 m (75 to 95 ft) in thickness (Figure 13). These glacial
deposits consist of glacial tills and lacustrine silts and clays overlying a coarser sand and gravel
unit that blankets the underlying Silurian Camillus Shale. The Camillus Shale is a thinly to
massively bedded mudstone with large intervals of bedded gypsum and anhydrite (Malcolm
Pirnie 1999). This shale is glacially scoured to form a saddle-like lowland between the
Onondaga Limestone to the south and Lockport Dolostone escarpments to the north. Glacial
Lake Tonawanda occupied this lowland until approximately 8,000 years before present (Figure
14).
2.2

Site Geology

2.2.1

Unconsolidated Glacial Sediments

Unconsolidated sediments around and below the Landfill OU are composed of dense silty glacial
till, glaciolacustrine silts and clays, and a coarse-grained glaciofluvial deposit that together
overlie the Camillus Shale (Figure 15). Test borings show this overburden thickens from 17 m
(56 ft) in the east to 29.1 m (95.5 ft) in the west due to an east-to-west elevation decline in
bedrock from 167.7 m to 156.4 m (550 ft to 513 ft) above mean sea level (amsl). The glacial
deposits exhibit the following characteristics:
•
•
•

The uppermost layer is composed of dense red to brown silty clay glacial till that varies
between 14.6 m and 19.2 m (48 ft and 63 ft) in thickness;
A discontinuous lacustrine silt and clay underlies the glacial till and ranges up to 7.6 m
(25 ft) in thickness, although it is not ubiquitous below the site; and,
Where the lacustrine sediments are thin to absent, a silty sand and gravel varying between
2 m and 4 m (6.5 and 13 ft) in thickness directly overlies bedrock (Wehran 1994 and
Malcolm Pirnie 1999).

The RI Report (USACE 2005) provides four cross sections of the subsurface conditions at the
Landfill OU; these can be viewed in the RI Report as Figures 3-2, 3-3, 3-4, 3-5 and 3-6.
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2.2.2

Bedrock Geology

The Silurian Camillus Shale underlies the glacial and is composed of gray shale and mudstone
with abundant gypsum thin layers, solution cavities, and weathered fractures within the upper 3
m to 4.6 m (10 to 15 ft) (BNI 1993, Wehran 1994, Malcolm Pirnie 1999).
During previous investigations conducted at the Landfill OU, the Camillus Shale was
encountered in monitoring wells DW-1, DW-2, and DW-4 at elevations of 156 m (513 ft) amsl,
167.7 m (550 ft) amsl, and 167 m (548 ft) amsl, respectively (Malcolm Pirnie 1999). The
locations of these three deep monitoring wells are shown in Figure 10 and the interpreted
bedrock elevations are shown on Figure 16.
2.3

Hydrogeology

2.3.1

Regional Hydrogeology

General groundwater resources near the Landfill OU exist in the following four
hydrostratigraphic units (La Sala 1968 in BNI 1993):
•
•
•
•

Unconsolidated materials, consisting of glacial tills, glaciofluvial deposits, and
glaciolacustrine silts and clay;
Soluble limestones and dolomites of the Salina Group (Akron Dolomite and Bertie
Formation) and Onondaga Formation;
Shales of the Salina Group (Vernon Shale, Syracuse Formation, and the Camillus Shale);
and
Dolomites of the Lockport Formation.

The groundwater producing units nearest and below the Landfill OU were narrowed to two
distinct hydrogeologic systems:
•

•

Semi-confined sand and silty sand lenses present within the fine-grained glacial till and
glaciolacustrine silty clay, which extends up to 29 m (95 ft) in thickness above bedrock;
and,
The “contact zone aquifer” where up to 4 m (13 ft) of highly permeable coarse grained
sand and gravel is interconnected with the upper 3 m to 4.6 m (10 to 15 ft) of the
Camillus Shale that exhibits secondary permeability (e.g., weathered fractures, joints, and
solution cavities) (BNI 1993).

The waste zone in the Landfill OU contains up to 7.6 m (25 ft) of variably textured, loose
municipal fill and incinerator byproduct material that is occasionally overlain by silty and clayey
fill layers (possibly sludge). Although this loose material can readily yield groundwater to
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monitoring wells, it is not considered a groundwater resource due to ambient water quality and
anthropogenic impacts. However, the waste provides a transport pathway at the site and thus is
included in the groundwater model.
2.3.2

Site Hydrogeology

2.3.2.1 Overburden Deposits
The fine-grained till and lacustrine silts and clays at the site also contain discontinuous sand and
silty sand lenses that are commonly less than 4 feet thick and not considered pathways for
groundwater flow (Malcolm Pirnie 1999). The horizontal hydraulic conductivity (K) of the fine
grained units was derived from slug tests and ranges from 1.2 x 10-7 centimeters per second
(cm/s) to 1.1 x 10-5 cm/s; the average K value for this layer is 2.7 x 10-6 cm/s, or 0.0077 feet per
day (ft/d) (see Table 3-1 in the RI Report [USACE 2005]). Results of laboratory permeability
tests conducted on two soil samples collected from the glacial till indicate a vertical hydraulic
conductivity of about 1.7 x 10-8 cm/s. This indicates that the ratio of vertical to horizontal K is
roughly 1:10, suggesting that these glacial till and lacustrine sediments inhibit the vertical flow
of groundwater (Wehran 1994).
Monitoring wells and wellpoints installed by either the USACE (under FUSRAP) or Town of
Tonawanda (landfill monitoring program) were used to obtain groundwater levels from the
landfill wastes, overburden, and bedrock. In general, groundwater averages about 0.6 m to 2.1 m
(2 to 7 ft) below the ground surface in the landfill wastes and surrounding natural sediments;
groundwater averages about 11.9 m (39 ft) below grade in the confined contact zone aquifer
below the Landfill OU.
Groundwater elevations measured during September 2001 are shown on Figure 10 and indicate a
radial flow from the center of the landfill (high point) to the edges of the landfill (USACE 2005).
Malcom Pirnie (1999) estimated recharge to the landfill waste at 0.16 meters per year (m/y)
(0.54 feet per year [ft/y]) using the Hydrologic Evaluation of Landfill Performance (HELP)
model. The landfill cap and engineered drainage constructed in 2011 and 2013 will inherently
decrease recharge to the landfill wastes. This is reflected in the intermittent groundwater levels
taken from 2001 through 2013 (Table 1), which show an overall lowering in the waste zone
(Figure 17) that is not yet manifested in the surrounding native soils (Figure 18). These recent
data may reflect the dissipation of the historic groundwater mound, which is predicted to decline
between 1.2 m and 2.1 m (4 and 7 ft) due to the phased capping measures and up to 3 m (10 ft)
under the Alternative 2 capping measure, which is detailed in Section 5.
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The direction of regional groundwater flow in the shallow unconsolidated sediments is assumed
to follow the general topography (within 0.6 m to 1.2 m [2 to 4 ft] of the surface), with local flow
towards Two Mile Creek. This assumption, when coordinated with observed heads from the
Landfill OU, produces a regional groundwater elevation map shown in Figure 19. This
conceptualization was carried forward in the modeling analysis discussed in Section 5.2.
2.3.2.2 Contact-Zone Aquifer

The combined lower-most sand and gravel layer and inter-connected upper weathered bedrock
produces the contact-zone aquifer; this confined water-bearing zone has been extensively
investigated and documented in the 1993 Remedial Investigation for the Tonawanda Site and
2005 RI report (BNI 1993 and USACE 2005). Groundwater within the contact-zone aquifer
generally flows northward towards the Niagara River, which is the principal discharge zone for
regional groundwater flow (Wehran 1994 and Malcolm Pirnie 1999). The hydraulic
conductivity for this zone averages 2.9 x 10-3 cm/s (see Table 3-1 of the RI Report [USACE
2005]).
The groundwater levels and sampling results from the contact zone aquifer do not indicate a
hydraulic connection with the landfill wastes. The intervening fine grained glacial sediments
provide an aquitard that separates the near-surface groundwater system from the contact-zone
unit.
Groundwater quality conditions within this layer are extremely poor and detailed in the Record
of Decision (ROD) for the Groundwater Operable Unit, Linde Site, Tonawanda, New York
(USACE 2006). The contact-zone aquifer underlying the Landfill shows no FUSRAP-related or
general Landfill impacts, and thus is not a zone of concern or a drinking-water resource.
2.3.2.3 Characteristics of the Landfill Waste Material
Landfill wastes were placed within a soil borrow pit (quarry-like feature) excavated into the
surrounding silty glacial till; the pit operated in the early 1900’s in the western portion of the
Landfill OU (Malcolm Pirnie 1999). The approximate lateral extent of the landfill is defined by
waste fill limits, as presented in Figure 3-2 from the RI Report (USACE 2005) and Figures 7 and
8. The phased capping efforts include waste consolidation along the edges of the landfill to
ensure no waste is found within 100 feet of an adjacent property line. Boring locations northeast
of the FUSRAP-impacted area indicate wastes still exist north of the current Phase 1 cap. The
Town of Tonawanda excluded this area due to its proximity to the FUSRAP impacts (i.e., the
town excised this area in anticipation of future USACE actions).
The wells previously installed in the landfill wastes (i.e., piezometers P-1 through P-4 and BM-6
on Figure 10) produced an average K of 1.0 x 10-2 cm/s, which is a logical value since the
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material is loose, coarse grained, and compressible in many borings. Other slug tests on wells in
the waste zone were slightly lower and together produced an average K of 0.0073 cm/s, or 20.41
ft/d, which is carried forward in the modeling effort. This value is approximately four orders of
magnitude greater than the adjacent and underlying fine-grained glacial deposits (USACE 2005).
The disparity in hydrogeologic character (K values) between the wastes and native soils, along
with the subsurface excavation of the original borrow pit, together produce a bathtub effect in the
wastes (Malcolm Pirnie 1999). Groundwater mounds in the wastes then seeps from areas of least
resistance along the periphery of the Landfill OU to alleviate the positive head. The United
States Environmental Protection Agency (USEPA) HELP model was used to estimate the water
balance in the Landfill OU using an average precipitation rate of 0.98 m/y (3.2 ft/y) applied to an
area of 23 hectares (57 acres). The five-year average precipitation produced an average
infiltration rate of 0.16 m/y (0.54 ft/y), which equates to approximately 37,940 cubic meters of
water (1.34 million cubic feet) or 103,560 liters per day (L/d) (19 gallons per minute [gpm]) of
total discharge to maintain the water balance (Malcolm Pirnie 1999). In 2010, the initial capping
process began and included surface-water management modifications that will are designed to
lower this recharge to the landfill material. This hydraulic response cannot be fully observed
since the piezometers atop the Landfill OU were decommissioned, yet FUSRAP-area wells
appear to be responding through lower groundwater levels (Figure 17).
Figures 20a and 20b indicate that groundwater levels still promote discharge to the northwestern
drainage ditch due to an invert at or slightly below the ambient groundwater levels. This ditch
was receiving contaminated groundwater seepage when sampled in April 2012. Although less
flow was evident in April 2013, some surface-water concentrations increased from 2012 to 2013.
As groundwater slowly dissipates from the Landfill OU due to capping measures and drainage to
the leachate collection system, discharge via the ditch will lessen, but may not ever cease until
groundwater recharge to the FUSRAP area is impeded. The groundwater levels in the FUSRAP
area show a shallow gradient, which indicates the system continues to equilibrate with capping
and drainage.
Once the Landfill OU equilibrates with the phased caps (i.e., long-term flow directions emerge),
recharge to the FUSRAP area will continue to generate radiologic leachate. The groundwater
flow model discussed in Section 5 estimates a 1.2 m (4 ft) decline in groundwater levels should
occur in the FUSRAP area once the phased caps are completed. The FUSRAP-area drainage
ditch is predicted to reduce from an annualized predicted discharge of 43.2 liters per minute
(L/m) to 20.8 L/m (11.4 gpm to 5.5 gpm), or a 52 percent reduction. Recent observed
groundwater levels and ditch flow conditions indicate the onset of these expected water-level
declines (Table 1, Figures 17 and 18).

A-13

3.0

Groundwater and Surface Water Quality and Usage

The Remedial Investigation for the Tonawanda Site stated that no private wells are located
within an approximate three-mile radius of the Tonawanda Landfill Vicinity Property (BNI
1993). Since the silty till and lacustrine clay surrounding and underlying the Landfill OU
exhibits very low permeability and well yield, it is not considered a viable groundwater resource
or aquifer.
The Contact-zone Aquifer underlying the site is a productive unit that exhibits very poor water
quality due to high salinity and total dissolved solids (BNI 1993, USACE 2005, USACE 2006).
Therefore, the groundwater from this zone and the deeper Camillus Shale is not currently, nor
will be in the future, used for drinking water purposes.
Groundwater sampling data presented in Tables 2 and 3 show the natural groundwater quality for
the Landfill OU to be poor and non-potable without treatment. The groundwater within the
landfill material is not considered a potable resource due to the limited volume of groundwater
(finite volume in the landfill) and poor water quality derived from the hazardous and municipal
wastes placed in the Landfill OU.
Table 3 indicates that groundwater in the area of the Tonawanda Landfill Vicinity Property is
characterized by several chemical analytes that exceed the USEPA primary or secondary
drinking water standards, including aluminum, iron, manganese, sodium, general turbidity, total
dissolved solids (TDS), and partially low oxygenation. Consequently, this groundwater is not
considered a resource for drinking water without significant treatment (USACE 2005, USACE
2006).
The exclusion of site groundwater as a viable drinking water resource also precludes the
application of the USEPA drinking water maximum contaminant level (MCL) of 30 micrograms
per liter (µg/L) for total uranium. Groundwater and surface-water sampling at the Landfill show
that on-site surface-water and groundwater values can exceed the MCL (Figure 9). However, the
site water courses are not a sustainable drinking water resource due to the intermittent (or
ephemeral) nature of the surface-water flow on the site (i.e., the site surface-water drainage is
designed for storm-water controls).
The closest constantly flowing (perennial) stream that could potentially sustain a drinking-water
source is Two Mile Creek, which receives run off from the site. Sampling results obtained in
2013 at three locations in Two Mile Creek adjacent to the site outfall indicate that site discharges
are not increasing overall uranium concentrations in the creek. Uranium results from up-gradient
of the site confluence with the creek (and nearby groundwater seep inputs) were 3.44 µg/L; the
value at the site confluence (noticeable mixing zone) was 4.11 µg/L. Downstream of the
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confluence was 3.77 µg/L. Consequently, the site surface-water inputs are not causing the levels
of uranium in the Two Mile Creek to approach the MCL. These measured concentrations of total
uranium in Two Mile Creek are also below the Canadian surface water quality guideline
(CWQG) for protection of aquatic life of 15 µg/L. Two Mile Creek represents the closest
potential aquatic habitat into which surface water drainage from the Landfill OU may discharge.
(The CWQG for protection of aquatic life, which includes aquatic plants, fish, and insects and
other invertebrates which live in the water, was developed by the Canadian Council of Ministers
of the Environment in 2011 [CCME 2011], and is used here for screening purposes to identify
potential risks to aquatic life. No corresponding surface water quality criteria for uranium have
been developed by the U.S. Environmental Protection Agency or individual States.)
To bracket the potential site water inputs needed to raise the creek concentrations to 30 µg/L, a
baseflow measurement was performed on March 18, 2014. Three creek cross sections were
measured at surface water sampling point SW-20, 15 m (50 ft) upsteam of SW-20, and 30 m
(100 ft) upstream of SW-20. Stream velocity was measured at each cross section by timing
floating debris (woody material) at four to five segments across the creek.
The creek is generally rectangular and exhibits the following dimensions:
• Width = 6.25 to 8.7 m (20.5 to 28.5 ft)
o Average of 7.3 m (24.7 ft)
• Depth = 0.06 to 0.29 m (0.2 to 0.94 ft)
o Average of 0.2 m (0.65 ft)
• Velocity = 0.06 to 0.15 meters per second (m/s) (0.2 to 0.5 feet per second [ft/s])
o Average of 0.09 m/s (0.31 ft/s)
• Antecedent Precipitation = X.X m (0.XX ft) at the Buffalo Airport Weather Station X
days prior to measurement indicating a conservative baseflow representation
The resulting volumetric baseflows are listed below:
• SW-20: 126.7 liters per second (L/s) or 4.48 cubic feet per second (cfs)
• SW-20 +15 m: 165.5 L/s or 5.84 cfs
• SW-20 +30 m: 126.0 L/s or 4.45 cfs
• 30-m (100-ft) average of individual sections: 139.4 L/s or 4.92 cfs
• 30-m (100-ft) reach composite average: 142.2 L/s or 5.02 cfs
The reach-averaged volumetric flow value of 142 L/s (5.0 cfs) is used in the following
calculations.
Estimates of site discharge near surface-water sampling point SW-16 vary from 0 L/s to over 1.9
L/s (0 to 0.07 cfs or up to 30 gallons per minute [gpm]). The following loading analysis uses
these inputs:
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•
•

•

Landfill drainage discharge rate of 1.9 L/s as input to the creek
Total uranium concentration of 25.9 µg/L in landfill discharge
o Represents highest observed concentration entering Two Mile Creek (Seep #1
sampled in November 2013)
Resulting mass flux to the creek is ~49 micrograms per second (µg/s)

This flux rate is divided by the creek baseflow of 142 L/s to produce a fully mixed creek
concentration of 0.35 µg/L, which is below both the uranium MCL of 30 µg/L and the ecological
screening limit of 15 µg/L (CCME 2011). This value also is indistinguishable from measured
creek concentrations at sampling locations SW-18 to SW-20, where uranium ranges between
3.44 and 4.11 µg/L.
Based upon these relative inputs (i.e., 142 L/s creek baseflow at ~4 ug/L and 19 L/s Landfill
discharge), the concentration of uranium in the Landfill OU discharge would have to exceed 204
µg/L to surpass the MCL of 30 µg/L in the creek and 88 µg/L to surpass the CWQG ecological
screening limit of 15 µg/L. These concentrations (220 and 88 µg/L) are only exceeded in surface
water near the source area, where dilution is minimal; surface water sampling downstream of the
source area shows dilution normally reduces the uranium concentrations by a factor of ten.
Section 5 discusses the long-term hydraulic responses that will occur on the site due to the
phased capping, which indicate future surface-water discharges will not create a drinking water
or ecologic risk in Two Mile Creek.

4.0

Groundwater Transport

Field investigations conducted at the Tonawanda Landfill Vicinity Property were designed to
characterize the nature and extent of FUSRAP-related site contamination and the potential for
contaminant transport. The physical, chemical, and radiological characteristics of the FUSRAP
materials have resulted in contaminant releases and transport in groundwater and surface water.
The conceptual model for contaminant fate and transport is based upon current conditions and
predictive modeling is used to estimate future transport pathways for uranium in response to the
Town of Tonawanda’s closure plans for the Landfill OU. Predictive simulations of the capped
Landfill (Phases 1 and 2) are used to evaluate the Feasibility Study (FS) alternatives:
• Modeled Alternative A, No Action and Partial Source Excavation and Off-site Disposal
• Modeled Alternative B, Capping and In-situ Closure of MED Contaminants
• Modeled Alternative C, Full Source Excavation and Off-site Disposal
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4.1

Groundwater Contaminant Source Zone

Surface-water and groundwater impacts evident at the Landfill OU are derived from the
dissolution and migration of radionuclides from soil sources (Figures 4, 5, and 6). The
mobilization of contaminants is governed by the solubility of the radionuclides in water and soilpartitioning conditions of the radionuclide. Infiltration from precipitation produces leachate that
pools within the landfill material and eventually seeps to the surface water via peripheral
discharges or migrates to the leachate collection system along the southern border of the Landfill
OU. As this liquid moves through the FUSRAP material, the uranium preferentially dissociates
into water, whereas radium and thorium isotopes have lower dissociation likely due to lower
solubility and higher soil-partitioning coefficients (Kd) than uranium. Therefore uranium
contamination is the mobile constituent of concern and the focus of the transport modeling.
4.1.1

Solubility of Radionuclides of Interest

The uranium compounds in soils near the Landfill OU were estimated to have an upper solubility
limit of 6 milligrams per liter (mg/L) as uranyl peroxide (BNI 1993). Other FUSRAP Sites have
exhibited a range of uranium solubility between 100 mg/L and 320 mg/L, especially when
sulfate and carbonate species are prominent in groundwater (USACE 2007, USACE 2009,
USACE 2010). Table 3 shows the chemical characteristics of the Landfill OU groundwater,
which is dominated by bicarbonate and secondly sulfate that provide the primary anions for
uranium speciation. However, the generation and transport of uranium-carbonate species in and
near the Landfill OU are lessened by the geochemically reductive environment present in the
source area. Although a potential exists for the Landfill OU groundwater to become more
oxygenated and promote uranium transport, the phased capping will minimize oxygenated
recharge and allow the reductive condition to persist in the Landfill OU and maintain a low
uranium solubility and transport potential (Figure 21). Uranium solubility and transport is
affected also by the presence of organic carbon and iron coatings on soil particles (iron
oxyhydroxides); these compounds can lessen uranium transport but are not well characterized in
the landfill material. However, since the Landfill OU received incinerated waste and sewer
sludge, the fraction of total carbon may be significant in these wastes.
The USEPA reports a range of thorium solubility from 0.2 µg/L in a high-pH environment to
approximately 600 mg/L in a low-pH environment (USEPA 1999); these are general ranges and
not site-specific. BNI reported that the solubility of thorium hydroxide derived from Linde ore
processing would be on the lower range of thorium solubility. Limited data on the solubility of
radium in nearby soils indicate that radium sulfate would be the most mobile form and have a
solubility of 20.0 µg/L (BNI 1993). Radium and thorium isotope (Ra-226, Ra-228, Th-228, Th230, and Th-232) results are summarized in Table 3 and show very low average concentrations
in groundwater and surface water. The highest results (data maxima) were obtained from
unfiltered and turbid water samples and thus reflect contaminated soil contributions to acid-
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preserved samples. The mean values are all below 2.0 pCi/L, which indicate that these
radionuclides are less mobile than uranium, considering their maximum soil concentrations of
3,485.7 pCi/g for Ra-226 and 4,300 pCi/g for Th-230 are also in the uranium source area.
Based upon surface-water and groundwater sampling, uranium is the most mobile contaminant,
while radium and thorium isotopes are relatively less mobile in the landfill environment; this
may occur due to low solubility and/or Kd values in excess of those observed for uranium (See
Section 4.2.3).
4.1.2

Evaluation of Source-area Contaminant Leaching

Surface-water and groundwater sampling results from September 2001 through April 2013 are
summarized on Tables 3 and 4. The groundwater-level and uranium data indicate that
contaminated groundwater discharges to surface-water are diluted by additional uncontaminated
baseflow and runoff in the down-gradient direction (Figures 9 and 10). Figures 22 and 23
present the maximum uranium concentrations in water and soil, irrespective of depth. The
figures also exemplify the collocation of uranium impacts and thus the limited extent of the soilsource area.
Table 4 lists elevated levels of total uranium from filtered and unfiltered water samples and
indicates that detected uranium exists in a dissolved form in the Landfill OU. This is
exemplified by the filtered to unfiltered ratio that ranges between 0.9:1 and 1:1. Consequently,
using the total uranium values to delineate uranium impacts is not overly conservative (i.e., does
not bias the plume delineation).
By integrating 1) the uranium distribution in soils (Figures 5 and 6), 2) the groundwater-level
differences between collocated (shallow/deep) well pairs TWP-9/-10, TWP-7/-6, TWP-5/-4, and
TWP-8/L-3 (Table 1 and Figures 20a and 20b), and 3) the uranium difference in these well
couplets (Figure 22), it becomes apparent that the groundwater upwardly flowing through the
uranium-impacted soils partly discharges to the surface water and partly migrates down-gradient
(westerly). As the groundwater mound in the Landfill OU dissipates due to the phased capping,
this vertical gradient will homogenize and reverse (become downward) since the FUSRAP area
will become the primary recharge zone to the landfill wastes. This condition is becoming more
evident in some of the well couplets via the homogenization of vertically discrete uranium
concentrations. This response is predicted by the groundwater flow model, as discussed in
Section 5.0, which estimates a more southerly flow in the Landfill OU will occur after phased
capping is completed and the groundwater system re-equilibrates.
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4.2

Transport of Uranium in the Subsurface

The transport of uranium and other contaminants through subsurface porous material is
influenced by the physical and chemical nature of ambient groundwater and the soils.
Groundwater flow velocities, soil-water partitioning coefficients (Kd), and ambient geochemical
conditions all control the transport of uranium in the subsurface, as detailed above and in Section
5.3 of the Remedial Investigation Report (USACE, 2005). The groundwater flow and
contaminant transport analyses performed under this FS are built upon these equations and data
relationships.
4.2.1

Flow Variables Governing Uranium Transport

Typical values of hydraulic conductivity (K, or permeability), porosity (n), and effective porosity
(ne) are widely available in the literature for different types of geologic materials. Engineered
landfills typically are designed and constructed to include a bottom liner with a maximum
permeability of 1 x 10-7 cm/s. The Landfill OU is surrounded by glacial silts and clays that
exhibit an average K of 2.7 x 10-6 cm/s, whereas the landfill material is much more permeable at
7.2 x 10-3 cm/s, which reflects coarse grained media (Terzaghi and Peck 1948). Thus, the
velocity of water through the native soils is about four orders of magnitude slower than the waste
material, assuming equivalent hydraulic gradients and effective porosities. Consequently, the
primary transport pathway for uranium is movement through landfill materials and discharge to
peripheral surface water or the leachate collection system. The surface-water pathway will
become less significant as the phased caps lessen recharge and the leachate collection sewer
along the southern Landfill OU boundary governs internal groundwater flow.
The Corps anticipates the surface-water discharge from the FUSRAP area to decline 52 percent
with the phased capping (43.2 L/m to 20.8 L/m [11.4 gpm to 5.5 gpm]). In addition, this lower
discharge will first enter the ditch farther to the west, or nearly 92 meters (300 feet) from the
source area. The leachate collection system along the southern border of the site is estimated to
receive 2.2 L/m (0.6 gpm) of leachate under baseline conditions to 1.9 L/m (0.5 gpm) under the
phased cap condition. The groundwater flow and uranium transport model generally shows that
the capped condition will promote southerly transport towards the leachate collection system
over the 1,000-year performance period. These results are discussed in greater detail in Section
5.0.
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4.2.2

Geochemical Conditions Governing U Transport

The transport of uranium in groundwater also is influenced by geochemical conditions. Uranium
species in FUSRAP impacted soils typically include uranium dioxide (UO2) or triuranium
octoxide (U3O8); UO2 slowly converts to U3O8 at ambient air temperatures (Kumar et al. 2011).
Uranium in UO2 is present in the reduced, tetravalent (U4+) form, which has exceedingly low
solubility in water (approximately 1 x 10-26 µg/L at pH 7 [Mullen 2007]). Uranium in the U3O8
state is present as both U4+ and oxidized U6+ valence states; stochastically as (2U6+)U4+O8. U3O8
also is known for low solubility in water, yet this can vary with redox-sensitive species (e.g., iron
and manganese), pH, and the presence of calcium, carbonates, and humic substances (or total
organic carbon). Aqueous chemistry variations can increase the U6+ solubility more readily than
U4+ and produce U concentrations that exceed the groundwater screening level of 270 µg/L (or
approximately one-tenth that value at 30 µg/L, per Section 3.0). Carbonate and sulfate ions form
complexes with uranium and increase its solubility and mobility (Zachara et al., 2007).
Since the original uranium-bearing material placed in the Landfill OU likely originated as
FUSRAP residues (UO2 and U3O8 based material), the original solubility is expected to be low,
but increase over time as it oxidizes. However, the Landfill OU also accepted sewer sludge and
other organic compounds that have high biologic and chemical oxygen demands, which will
create a geochemically reducing (anoxic) environment. Consequently, the uranium
contamination on soil tends to retain a low-solubility tetravalent form. With exposure to
groundwater, the uranium partly oxidized to a hexavalent form (U6+) that has solubility
dependent on the ambient pH, dissolved oxygen, oxygen reduction potential (redox), total and
dissolved manganese, iron, nitrate, sulfate, and bicarbonate alkalinity.
Of these parameters, the carbonate content of groundwater and the redox conditions are the most
important since the solubility of U6+ is about six orders of magnitude higher than the solubility of
U4+. The redox conditions are estimated using dissolved oxygen (DO) and oxygen reduction
potential (ORP) measurements performed in the field, along with sulfate (SO4), nitrate (NO3),
dissolved manganese, and dissolved iron results from laboratory analyses. Figures 21 and 24 and
Tables 2 and 5 show that the redox condition in the Landfill OU promotes reducing conditions
near the U source area, thus creating a dominant UO2 form (and less dominant U3O8 form) that
has lower solubility and transport potential. The zero (0) ORP contour line on Figure 24 bounds
a geochemical condition that would normally promote a reduced, low-solubility U+4state (Kumar
et al. 2011).
Redox conditions in the Landfill OU are estimated using select ratios of redox-sensitive element
concentrations in filtered versus unfiltered samples. Figure 25 shows the following compilation
of trends: filtered/unfiltered aluminum, unfiltered iron versus aluminum correlations,
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filtered/unfiltered iron, and filtered/unfiltered manganese in groundwater. In addition, Figure 26
shows the relationships of filtered uranium with filtered manganese, iron, nitrate, and sulfate.
These data, in conjunction with the redox summary on Table 5, together show the following:
•
•

•

•

Aluminum, iron and manganese reduction is occurring and elevates manganese and iron
in solution, while lessening aluminum;
Nitrate and sulfate are generally proportional to uranium and bicarbonate alkalinity
appears insensitive to redox conditions, thus providing stable anions for dissolved
uranium complexes (uranyl-carbonates);
Filtered and unfiltered iron and manganese ratios and uranium plots indicate the uranium
in the FUSRAP source area is being affected by reduction, yet soil concentrations
(contaminant mass) are elevated enough to still provide uranium for transport; and
Source-area capping will promote additional reductive conditions by limiting oxygenated
recharge to enter the groundwater, whereas soil-source removal will eliminate the
uranium mass to concentrations that are protective of groundwater (i.e., sample results
from locations outside the remedial footprints exhibit low-uranium residuals that are not
expected to promote further impacts to groundwater above discharge levels – see Section
6.2.3 for further discussion).

The reductive condition depicted on Figure 24 appears also dependent on the presence of
chlorinated volatile organic compounds (VOC) collocated with uranium impacted soils. Figures
27a and 27b show the total chlorinated volatile organic compound and polycyclic aromatic
hydrocarbons (PAHs) concentrations in soil near the uranium contamination and low redox
values. These datasets indicate the low redox zone is caused by the consumption of oxygen in
groundwater via reductive dechlorination of VOCs, such as perchloroethylene (PCE),
trichloroethene (TCE), 1,2-cis-dichloroethene (DCE), and vinyl chloride (VC). The degradation
of PAHs also deplete oxygen from the system, thus supporting reduction. These factors all
suppress U solubility and transport. This condition was not accounted for in the transport model,
yet would increase uranium retardation (simulating a higher Kd) and produce a long-term
condition that is discussed in Section 6.3 (high-Kd transport simulation).
The zero ORP contour on Figure 24 and total VOC distribution on Figure 27a can be compared
against the 100 µg/L uranium concentration contour on Figure 22 (and limited 30 µg/L contour),
which together show U transport from the soil is suppressed geochemically in the Landfill OU.
Lower U concentrations (up to 10 µg/L) are seen in the southern portion of the Landfill OU, thus
a potential exists for more robust transport, yet this is not occurring due to reductive conditions
in the U source area, where U solubility is limited.
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4.2.3

Soil Partitioning in the Landfill

The EPA evaluated Kd values from more than 20 references and cited the sorption of uranium
onto soils, crushed rock, and single mineral phases (EPA 1999). In general, the adsorption of
uranium by soils and single-mineral phases in carbonate containing aqueous solutions is low at
pH values less than 3, increases rapidly with increasing pH from pH 3 to 5, reaches a maximum
in adsorption in the range of pH 5 to 8, and then decreases with higher pH values (above 8). The
Landfill OU groundwater pH shows annual averages up to 8.4 (with a full dataset mean of 7.8),
which begin to manifest Kd values below maximum adsorption potentials. Previous studies
(BNI 1993) indicated uranium contaminated soils, especially at concentrations above 1,000
mg/kg, have a greater potential to leach uranium at the site. Approximately seven soil samples in
the Investigative Area 1 source zone exceed 1,000 mg/kg.
The DOE evaluated groundwater and soil conditions near and at the Landfill OU and estimated
that Kd values for the upper glacial sediments (reddish-brown till) range from 5.0 to 29.0 mL/g,
averaged 13.7 mL/g, and geometrically averaged 12.0 mL/g (Table 3-5 in BNI 1993). Table 6
lists pairs of collocated or proximal soil and water concentrations and their corresponding Kd
values to approximate the soil-water partitioning values for the landfill material (FUSRAP
material and surrounding wastes).
For example, by pairing soil at location TLS-SB-IA1-6 [5.4-6.4]031710 (176.8 mg/kg U) and
collocated groundwater in TWP-7 (216 µg/L U), a Kd value of ~800 mL/g is estimated. If that
groundwater value of 216 µg/L represents a four-times dilution of actual pore water (or 864
µg/L), as calculated in the notes on Table 6, then a Kd of ~200 mL/g is estimated. If the highest
water concentration of 252 µg/L (total U at SW-01) represents a four-times dilution of a porewater concentration of 1,008 µg/L and is compared with the underlying soil result of 1,508
mg/kg from duplicate sample TLS-SB-IA1-DOE-B3(5.3-6.3)031, then a pore-water Kd of
~6,000 mL/g and a diluted Kd of ~1,500 mL/g are estimated. Applying this analysis to the
highest soil result (6,208 mg/kg U at TLS-SB-IA1-5 (3.0-4.0) 031610) and highest water result
(252 µg/L), the pore-water and diluted water Kd values are ~24,600 mL/g and ~6,200 mL/g,
respectively. Consequently, source-area Kd values appear to range between 205 mL/g and
24,600 mL/g in the landfill material.

The site-specific Kd values provide a wide range of input for the uranium transport model to
simulate U flow through the waste. The USACE applied a Kd of 12.0 mL/g (as derived from
native soils) to the landfill waste and native soils in the transport model to conservatively assess
fate. This conservative (low) Kd also reflects the high hydraulic conductivity (7.2 x 10-3 cm/s or
20.41 ft/d) of the coarse-grained waste material (i.e., coarse-grained sediments normally have
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lower Kd values than fine-grained sediments). In addition, the Kd value provides transport
capability to potential receptors, whereas the actual higher Kd values (and geochemical
conditions) would not promote significant long-term transport (i.e., the model is forcing transport
to be conservative). The effects of Kd ranges are discussed in Section 6.3.
4.2.4

Uranium Source Term Estimation

The majority of FUSRAP-related contamination is saturated (below the groundwater level)
within the Landfill OU (Figures 5 and 6). Consequently, potential pore-water concentrations
based upon Kd equilibrium represent an upper concentration that is diluted by groundwater flow
through the soil. Since reductive conditions are collocated with uranium, a lower solubility will
inhibit the generation of potential pore-water concentrations. In addition, pore-water
concentrations that migrate from the source area will be attenuated (re-adsorbed) by the soils and
waste material down-gradient of the source area.
To estimate the potential source concentrations, uranium desorption from soil and subsequent
dilution in groundwater can be estimated using groundwater flow velocities and contaminant
characteristics. Flow volumes provide a dilution factor to apply to conservative pore-water
concentrations derived from a Kd equilibrium assessment. The resulting leachate concentration
can be input as a source term in the groundwater flow and uranium transport model, which
further calculates soil partitioning and dilution via dispersion and advection equations. A range
of pore-water concentrations for differing Kd values were analyzed against potential dilution
values to achieve a set of leachate concentrations that are compared to observed concentrations
in the source area. The USEPA soil screening level (SSL) calculations were used to estimate
both pore-water concentrations and dilution values based on site-specific data (USEPA 1996).
To support this assessment, groundwater flow through the soil source and likely dilution factors
were defined from groundwater contour maps, flow directions through the FUSRAP-impacted
area, and the hydrogeologic characteristics of the waste. These were calculated according to the
following Darcy principles (calculated here in English units and reported in metric below):
Flow volume (Q) through the FUSRAP area:
Q (ft^3/day) = K (ft/day) * i (ft/ft) * A (ft^2) = 20.41 * 0.0073 * 3,000 = 447 ft^3/day
Flow volume (Q) through the contaminated material:
Q (ft^3/day) = K (ft/day) * i (ft/ft) * A (ft^2) = 20.41 * 0.0073 * 2,400 = 358 ft^3/day
Where,
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•
•

•

•

The hydraulic conductivity (K) measured in wells screened in the waste zone averages
7.2 x 10-3 cm/s (20.41 ft/d) and represents the K for the dilution calculation,
Hydraulic gradient (i) measured from up-gradient well BM-4 at elevation 188.8 m
(619.23 ft) to down-gradient well L-1 measured at 186.4 m (611.3 ft), which are 329.3 m
(1080 feet) apart, or an i of 0.0073 m/m (ft/ft), and
Flow area (A) estimated by the FUSRAP-related waste zone average thickness of 3.7 m
(12 ft) and average saturated thickness of 4.6 m (15 ft) both multiplied by width of the
FUSRAP impacts, or about 61 m (200 ft).
The respective equation results in metric are: 12,658 L/day and 10,137 L/day

These flow estimates indicate only a 25% dilution is possible in the groundwater. However,
additional dilution occurs from recharge to the soils in the FUSRAP impacted area. The
groundwater flow model estimates a recharge of 27,751 L/day (980 ft3/day) to the area
encompassed by the FUSRAP impacts (FS excavation extents), or an aerial average unit rate of
0.84 m/year (2.77 ft/year). This is added to the ambient flow field to increase the dilution factor
to nearly 4.0. The USEPA Soil Screening Level (SSL) (EPA 1996) dilution calculation
estimates a factor of 3.8, as noted on Table 6.
Table 6 presents a range of possible Kd values for the landfill material based upon site-specific
data. A geometric average Kd value of 12.0 mL/g was estimated for the native glacial soils
surrounding the Landfill OU (BNI 1993). Since the solubility of uranium varies with
geochemical conditions (e.g., pH, carbonates, mineral surface coatings, redox potentials, and
organic carbon) and is expected to be relatively low in the Landfill OU due to reductive
conditions (Kumar et al. 2011), a conservative solubility limit of 100 mg/L can be assumed for
source-area estimating. To achieve this limit from soils with a Kd of 12 mL/g, the soil
concentration of uranium needs to be 1,215 mg/kg. This value is exceeded in seven proximal
samples that are used to assign the primary source area in the uranium transport model (Figure
28).
The mass loading rate can be applied to the model as a mass flux rate, constant concentration, or
contaminated recharge rate. The uranium source term for the model is represented by a constant
concentration of 252 µg/L applied to the area outlined on Figure 28, which is the maximum
observed concentration in surface water and groundwater. This source term supplies a mass
loading rate of 31,200 µg/day (or 0.0312 grams/day) of uranium to the model for transport.

5.0

Groundwater Modeling

A groundwater flow and uranium transport model was constructed to assess the migration of
uranium in the Landfill OU.
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5.1

Groundwater Model Domain

The model includes natural and assigned head boundaries that are distal from the Tonawanda
Landfill Vicinity Property, so as not to affect flow characteristics derived from potential remedial
actions. The software utilized for this effort is the Groundwater Modeling System (GMS),
version 9.0; information regarding this software and applied model packages (MODFLOW2000, PEST, and MT3DMS) can be found in Aquaveo, 2013. Figure 29 shows the overall
calculation domain that provides a telescoping grid pattern to ensure detailed analyses near the
Landfill OU. Three hydrostratigraphic zones are modeled at the site:
1. Landfill Waste and collocated FUSRAP-related Material (Layer 1)
2. Glacial Till and Lacustrine Silty Clay (Layer 2)
3. Contact-zone Aquifer (basal sand and gravel and upper 15 feet of permeable bedrock as
Layer 3).
The base of the Contact-zone Aquifer is assigned a surface coincident with 15 feet below the top
of bedrock; this becomes a no-flow base to the model.
The overlying till/lacustrine layer is assumed to be a competent aquitard that fully separates the
landfill waste layer from the Contact-zone Aquifer (USACE 2006). Other assigned boundary
conditions are detailed below.
5.2

Hydrogeologic Boundaries

The flow model domain includes five types of natural and assigned hydrogeologic boundaries:
•
•
•
•
•

Two Mile Creek as a river boundary in Layer 2
Aerial recharge to the groundwater system (input to the uppermost active model layer)
Lateral no-flow boundaries along flow lines (boundaries parallel to flow) in Layer 3
Specified head boundaries along select edges of the model domain to control flow in
Layers 1, 2, and 3
Lower no-flow boundary at the base of the contact-zone aquifer in Layer 3.

The monitoring well array at the Landfill OU and adjacent Mudflats OU provided groundwater
elevations for the three hydrostratigraphic zones. Although sufficient coverage is available to
define the potentiometric surface near the Landfill OU, flow in the till/lacustrine layer is
expected to follow topography, so groundwater was assumed to lie from 0.6 to 1.2 m (2 to 4 feet)
below grade, which is a common depth seen in native till wells around the Landfill OU. The
contact-zone aquifer was assigned a generally uniform hydraulic head condition (gradient)
extrapolated from limited site data. Figures 30, 31, and 32 illustrate these boundaries and
starting head conditions.

A-25

Recharge applied to the model refers to the net flux from precipitation reaching the saturated
zone. The amount of precipitation that infiltrates to the groundwater is limited by surface runoff,
evapotranspiration, and the geologic material comprising the vadose zone. Recharge estimates in
the RI Report (USACE 2005) were based upon a total precipitation rate of 0.98 meters per year
[m/yr] (3.2 feet per year [ft/yr]); an average recharge to the landfill waste was estimated at 0.16
m/yr (0.54 ft/yr) . For the balance of the model, silty glacial sediments and associated silt-loam
soils exhibit hydrologic group D characteristics, so are poorly drained and have low hydraulic
conductivities that range between 4.2 x 10-7 cm/s and 4.0 x 10-6 cm/s. Consequently, the
recharge to the native sediments and landfill material was allowed to vary between 0.16 m/y
(0.54 ft/yr) and 3.0 x 10-13 m/yr (1.0 x 10-12 ft/yr) (reflecting a capped-area recharge) during
calibration. The percentage of paved features and storm water management was ignored in the
system and assumed accounted for in the final recharge distributions estimated during model
calibration, as discussed in Section 5.5.
The leachate collection trench that runs along the southern border of the Landfill OU was
simulated as a drain in Layer 2, with an invert elevation of 183.5 m (602 ft) amsl and unit area
conductance of 0.3 m2/day (1.0 square foot per day).
5.3

Hydrogeologic Inputs

Groundwater variables that were input to the model are summarized in Table 7.
Hydraulic conductivity values were derived from slug test data taken during the RI and
associated references. The narrow data range indicates that average values are appropriate
representations for the three hydrostratigraphic layers; these averages were applied as uniform
values for each layer.
Porosity values were derived from the RI (USACE 2005) and the New York State SSURGO soil
database (Soil Survey Geographic Database), which is compiled by the National Cooperative
Soil Survey of the Natural Resources Conservation Service of the U.S. Department of
Agriculture. Effective porosities normally vary between 10% and 80% of the total porosity
(Anderson and Woessner 1992). The effective porosity values applied to the model are much
lower for the glacial overburden (0.05) and higher for the landfill wastes (0.19), whereas the
Contact-zone Aquifer was assigned a mean value for silty sand and gravel (0.20).
5.4

Uranium Transport Inputs

Model variables governing uranium transport and associated geochemical input also are
summarized in Table 7.
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The primary inputs include bulk density, soil-partitioning values (Kd), contaminant decay rates,
and dispersion variables; other less sensitive variables are included for completeness. Data from
the RI Report and applicable literature ranges were input to the model as deterministic values
and varied during model assessment to create a transport scenario that begins with the observed
contaminant distribution (Figure 22).
5.5

Flow Calibration

Model calibration is an iterative process by which input parameters (i.e., boundary conditions,
hydraulic conductivity, stresses, etc.) are varied within their plausible ranges until model output
matches the observed conditions. This process is complicated by the number of input parameters
that can be adjusted, the number of variables available for calibration targets, and the possibility
of achieving non-unique model solutions. For multiple-layer models, vertical hydraulic
gradients and vertical leakage add complexity. Consequently, it is not uncommon to make
hundreds of trial-and-error simulations before an acceptable match is achieved.
The flow model calibration is summarized below:
•

•
•

•

•

The steady-state flow model was calibrated to measured water levels from the three
hydrostratigraphic layers; the April 2012 hydraulic heads were used and represent a
seasonally high and optimally transmissive condition (Figures 30, 31, and 32).
Site averages for hydrogeologic parameters were entered into the model for each layer
and were held as deterministic values (Table 7).
The parameter-estimation software tool (PEST by Doherty 2001 in Aquaveo 2013) was
used to develop representative input (primarily recharge) to achieve a calibration. The
PEST module employs the Gauss-Marquardt-Levenburg algorithm to iterate through a
large series of steady-state simulations to reach calibration and minimize observed head
residuals. Parameter adjustments only were made for recharge and targeted to simulate
observed water levels within an acceptable range of error (optimally ±0.3 m [1.0 foot]).
After this iterative activity, some manual calibration then occurred to achieve a final a
numerical representation of the groundwater flow system. Figure 33 shows the calibrated
recharge distribution derived from PEST analyses.
Sensitivity analyses of select input were performed to determine how parametric
uncertainty (or range of parameters) may affect the model simulations. A parameter that
significantly affects the calibrated model condition, when changed within the range of
measured or observed values, is considered to be a sensitive parameter. The sensitivity
analysis evaluated hydraulic conductivity and recharge, as these are normally the most
sensitive parameters.
Groundwater flow model results, including hydraulic heads and cell-by-cell flows, are
then used as input to contaminant (uranium) transport simulations. The simulations of
estimated plume loading showed migration pathways, contaminant travel times, and
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concentrations at potential downgradient points. The visualization of contaminant
transport results (as plumes) was then used to graphically display the migration of
contaminants within the groundwater system.
Seasonal variations in the water levels, measurement errors, and model discretization affect the
uncertainty associated with the use of measured water levels as calibration targets. For the
Landfill OU, water levels annually vary about 0.6 m (2.0 ft), so one measure of model calibration
includes matching observed water levels to within a standard deviation, which is about 0.3 m
(1.0 ft).
A second measure to evaluate head-based calibration is to determine the mean absolute residual
and the standard deviation of residuals as a percentage of the total range in water levels at the
site. Anderson and Woessner (1992) identify that a small error value for residual standard
deviation over the target head range indicates that calibration represents a small (and acceptable)
error relative to the overall model response. Rumbaugh and Rumbaugh (2001) recommend the
residual standard deviation to head range ratio be less than 10 to 15 % for a good calibration.
Additional calibration criteria include achieving a volumetric flow budget having less than 1%
discrepancy between groundwater inflows and outflows, and a good qualitative match between
simulated and observed groundwater flow directions by comparison of contour maps.
5.5.1

Observed and Simulated Head Targets

The target heads for the model were collected synchronously over one day in April 2012 to
eliminate any temporal changes in the potentiometric surface and create a representative
condition of the landfill waste, glacial layers, and contact-zone aquifer. To assign target heads to
off-site areas, “control points” were added to the observed head distribution to produce a uniform
gradient that is generally coincident with 0.6 m to 1.2 m (2 to 4 ft) below the topographic
surface. This allowed the model to converge to an artificial control in areas that do not have well
coverage. This depth was chosen since it reflects the data from native overburden wells near the
site. There is good overall agreement between the measured and modeled water levels, as well
as flow patterns. Figure 34 shows the calibrated hydraulic heads, uncertainty bars reflecting the
difference between the observed (or interpreted) condition and calculated solution, and a modelwide comparison graph of calculated fit to the observed condition.
5.5.2

Calibration Statistics

Calibration statistics describe the goodness of fit between measured and simulated groundwater
levels (or total hydraulic head); although the model units are in feet and day, values are
converted (and rounded) into metric just for reporting purposes. Table 8 lists the observed (or
controlled) versus calculated head comparison and associated statistics. Calculated residuals
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range from -2.7 m (–8.8 ft) at MW-BM-14S (glacial overburden) to 0.006 m (0.02 ft) at L-3
(waste zone in the FUSRAP area). The model-wide statistical results indicate an acceptable flow
calibration and are noted below:
•
•
•
•
•

The mean error of residuals is -0.6 m (-0.21 ft);
The root mean squared error of residuals is 1.0 m (3.21 ft);
The mean of absolute residuals is 0.7 m (2.23) ft;
The standard deviation of residuals is 1.0 m (3.22 ft); and
Observed head range is 11 m (36.50 ft).

The computational uncertainty indicates an acceptable calibration was achieved for this flow
model, as indicated by the ratios of the root mean squared error, mean absolute residual, and
residual standard deviation to the observed head range, which are 8.8%, 6.1%, and 8.8%,
respectively, and less than 10% (Anderson and Woessner 1992).
5.5.3

Volumetric Flow Budget

The water budget consists of inflows and outflows to the groundwater system and included
precipitation derived recharge, constant head boundaries, vertical leakage across layers, and
discharge to surface water bodies. Table 9 summarizes the volumetric flow rates for the entire
steady-state groundwater flow model. The total budget discrepancy is 0.0%, indicating that the
calibrated numerical solution is balanced and no major discrepancies occur between model
inflows and outflows.
Recharge is the primary source of inflow in the model, contributing about 508 cubic meters per
day (cmd) (17,925 cubic feet per day [cfd]) or 93% of the inflow that generally reflects landcover conditions. Groundwater contributions from constant head boundaries along the north,
east, and south model borders provide 36.7 cmd (1,296 cfd) of inflow, or 7% of the inflow.
Two Mile Creek running along the western model boundary of layer 2 removes about 0.1 cmd
(3.8 cfd) or 0.02% of the total flow (i.e., the silty and clayey soils yield little baseflow). The
leachate collection system along the southern boundary of the landfill is installed in layer two
(lacustrine silt and clay) and removes about 2.6 cmd (92 cfd) or 0.5% of the overall water
budget. The drains that simulate the northwestern drainage swale remove approximately 30 cmd
(1,062 cfd), or 5.5% of the flow budget. The vast majority of the volume is governed by
constant head boundaries along the inflow and outflow ends of the model and remove 511 cmd
(18,062 cfd) or 94% of the volumetric balance.

A-29

5.6

Parameter Sensitivity

A quantitative sensitivity analysis was conducted on hydraulic conductivity and recharge to
provide estimates of the uncertainty in the calibrated model. These inputs were systematically
modified over a range of values to determine their effect on the model calibration. The
magnitude of change in the calculated water levels, expressed as a mean residual error, was used
as a measure of the sensitivity of the model. Hydraulic conductivity values for each layer and
recharge rates were individually multiplied by factors of 0.1 and 10, while other parameters were
maintained at calibrated values.
Statistics describing the match between sensitivity analyses results and the calibrated flow
solution quantified the sensitivity of each parameter. These results are summarized in Table 10
and discussed below.
5.6.1

Hydraulic Conductivity

The results of the sensitivity analysis indicate the model is insensitive (has low sensitivity) to
site-wide hydraulic conductivity increases. However, the model is moderately sensitive to
reductions in hydraulic conductivity. Anisotropy in hydraulic conductivity is not sensitive in the
model.
5.6.2

Recharge

The model exhibits low sensitivity to recharge reductions, with nearly identical statistics to
hydraulic conductivity increases. (i.e., the model reacts linearly and uniformly to these changes).
The model shows a high sensitivity to recharge increases, simply due to the predominant silty
and clayey soils represented in the model (i.e., extra recharge cannot flow through the model).

6.0

Groundwater Transport Analysis

The transport of constituents in the groundwater flow field calculated by MODFLOW was
coupled with the Modular 3-Dimensional Transport for Multi-Species model (MT3DMS), which
is designed to simulate advection, dispersion/diffusion, and chemical reactions of contaminants
in groundwater under general hydrogeological conditions (Zheng 1990 and 1999 in Aquaveo
2013). MT3DMS includes three transport solution techniques: 1) the standard finite difference
method, 2) the particle-tracking-based Eulerian-Lagrangian methods, and 3) the higher-order
finite-volume TVD method. These numerical techniques can be used individually or combined
to solve a wide array of transport problems with desired efficiency and accuracy. The
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Tonawanda Landfill Vicinity Property model employed the higher-order finite-volume TVD
method to avoid overestimating dispersion in the more permeable waste zone.
The simulation of total (elemental) uranium migration using MT3DMS was performed under
current (baseline) conditions (FS Alternative 1, No Action) and potential future site conditions:
Alternative 2, Excavation and Removal and Alternative 3, Capping in Place. The highest total
uranium sampled at each well or surface-water point through 2013 was used to develop the most
conservative plume to represent the starting condition in the transport model (Figure 22).
Although this technique does not represent a “temporal snapshot” of site conditions, it provides a
worst-case plume scenario for planning purposes. The source terms discussed in Sections 4.0
and 5.4 were applied to the area of the model showing highest uranium concentrations in soil that
would liberate the greatest U (Figure 28).
Uranium transport predictions delineate potential migration pathways and end-point locations
where groundwater impacts may occur in the future. Flow and transport predictions of
FUSRAP-related constituents under near-term site conditions (with the phased capping
completed) and subsequent FS alternatives scenarios were assessed. Contaminant transport
modeling focused on total uranium migration; the USEPA MCL of 30 µg/L and the CWQG
ecological screening criteria of 15 µg/L (CCME 2011) are used for comparative concentrations
in the model, as noted in Section 3.0.
6.1

Input Parameters

The physical flow and geotechnical parameters input to the groundwater flow and contaminant
transport models are summarized in Table 7. Since the modeling effort is limited to saturated
flow and transport, MT3DMS input also includes existing plume distributions and contaminant
loading to the groundwater, as discussed in Section 4.2.4.
Longitudinal dispersivities in the transport simulations were set uniformly to 20.0 ft (6.1 m),
which maintains a Peclet value of 1 (nodal spacing/dispersivity). Transverse and vertical
dispersivities were both set at a multiplier of 0.1 of the longitudinal values.
The steady-state calibrated flow model was the basis of the MT3DMS flow field to estimate
transport under a unique solution. The MT3DMS model was set up as a transient-state solution
to assess time-varying conditions during plume transport. The MT3DMS employed by GMS
minimizes the transport timestep to ensure the Courant values do not exceed 1, which avoids
numerical dispersion under the TVD scheme used to calculate the transport solutions (Anderson
and Woessner, 1992).
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6.2

Transport Results

The geochemically reductive conditions in groundwater near the uranium source area indicates
uranium will speciate into immobile U+4 complexes (uraninite) and lesser amounts of mobile
U+6 species (oxides and possibly carbonates) (Table 5 and Figures 21 through 28 present the
supporting data). This uranium constraining condition changes to a more geochemically mobile
environment downgradient of the VOC impacts in soil, where groundwater redox increases
(Figures 24 and 27). The uranium concentrations in groundwater distal from the FUSRAP area
(i.e., wells southwest of the FUSRAP area on Figure 22) indicate a greater transport potential can
occur where less VOC and PAH impacts are seen. For conservation, this transport limiting
condition is ignored in the model and all uranium is assumed to be present in a mobile form
governed by a relatively low Kd of 12.0 mL/g.
The baseline model solutions show that contaminants in the Landfill OU will change from a
historical westerly fate driven by past groundwater mounding to a more southerly fate due to the
phased capping. In general, the inclusion of the caps in the long-term model lowers hydraulic
heads about 1.2 m (4 ft) in the FUSRAP area, which still saturates the sub-soil impacts.
However, since the FUSRAP area continues to receive recharge at current rates (2013), the area
will become the primary recharge area for the Landfill. This condition appears onset in Figure
20b, where a southerly flow towards the leachate collection system is evident. The following
sections describe the transport modeling results of the baseline condition and FS alternatives.
6.2.1 Baseline Transport and Targeted Shallow Removal Action Model (Modeled
Alternative A)
The FUSRAP-area source term for the plume was assumed to persist for the entire 1,000-yr
performance period as a constant-concentration source of 252 µg/L, as discussed in Section 4.1.
The No Action and Targeted Shallow Removal alternatives in the FS will leave a significant
contaminant mass in the landfill, and thus an active source that is modeled throughout the period
of performance. Figure 36 provides time-series plots of plume locations for a comparative
concentration limit above 30 µg/L and indicates the following:
•
•
•

The plume will migrate from its current extent to a more southerly flow path due to flow
changes derived from the completed Town of Tonawanda’s phased landfill capping.
This change alters the plume path, which takes up to 100 years to enter into areas
previously below 30 µg/L.
Within 130 years, the plume appears to follow a consistent southerly (to southeasterly)
path throughout the 1,000-year performance period.
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•
•

•

•

The plume is contained within the landfill during the 1,000-year simulation and does not
enter the glacio-lacustrine sediments surrounding the Landfill OU.
Uranium concentrations entering the leachate collection system during the simulation are
well below the 10 CFR 20 sewer-discharge limit of 3,000 pCi/L (2,700 µg/L) during the
1,000-year performance period (i.e., mass is not accumulating in the landfill).
Predicted uranium concentrations entering the northern drainage ditch show a maximum
of 42 µg/L after the phased caps are fully installed and landfill groundwater has
equilibrated. This maximum declines to 25 µg/L in 10 years, 23 µg/L in 15 years, and 21
µg/L in 20 years. This concentration reduction is due to southerly migration of the
plume, and lower groundwater discharge rate due to capping, which together reduce the
overall mass discharging to the ditch.
The maximum predicted uranium concentration in the northern drainage ditch of 42 µg/L
is well below the discharge concentration of 88 µg/L required to cause an exceedance of
the CWQG ecological screening level in Two Mile Creek, as discussed in Section 3.0.

This transport condition does not account for hydrogeochemical changes in uranium valence due
to redox conditions or Kd values along the flow path (i.e., this baseline plume is considered
unconstrained besides for Kd and thus conservative). The plume persistence indicates that the
Town of Tonawanda’s phased landfill cap will constrain the plume within the Landfill OU.

6.2.2

Capping In Place (Modeled Alternative B)

For this alternative, the FUSRAP-area source of the plume was assumed to persist for the entire
1,000-yr performance period as a constant-concentration source at the highest observed sampling
concentration of 252 µg/L. The FUSRAP-area cap is modeled to extend beyond the delineated
FUSRAP soils and tie into the Town’s caps (Figures 7 and 8); this extent is illustrated on Figure
8 of the main FS document. This extent will reduce the overall recharge to the landfill system
and minimize transport potentials. The integrated cap modeling results indicate the following:
•

•

•

An integrated USACE and Town cap decreased the Landfill recharge from 62 cmd (2,200
cfd) to 25 cmd (873 cfd), or a 60% reduction, which indicates the unimproved FUSRAP
area currently contributes significant recharge to the Landfill.
Groundwater levels in the FUSRAP area dropped on average by 3.3 m (11 ft) along the
northern edge of the Landfill, producing a larger vadose zone in the FUSRAP-impacted
area. However, the FUSRAP material still will contact the groundwater, so no changes
were made to the source term.
If the drainage swale along the northwest boundary of the site were to exist after the cap
was constructed (an unlikely occurrence), then the model estimates only 1.5 L/m (0.4
gpm) would discharge to the ditch (or a 96% reduction in flow).
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•

•
•
•
•

The maximum concentration entering the ditch at initial groundwater-level equilibrium
after capping is 32 µg/L, which declines to 26 µg/L in 10 years and 22 µg/L in 15 years.
The maximum predicted uranium concentration is well below the discharge concentration
of 88 µg/L required to cause an exceedance of the CWQG ecological screening level in
Two Mile Creek, as discussed in Section 3.0.
The plume will migrate from its current extent to a southerly to southeasterly flow path
due to hydrologic changes produced by the overall Landfill capping.
This change in migration pathway requires approximately 150 years to relocate the plume
into areas previously showing little groundwater impacts.
After about 250 years, the plume appears to follow a consistent southerly path that is
maintained through 1,000 years.
The plume is constrained in the Landfill over the 1,000-year period and enters the
leachate collection system below the sewer-discharge criteria of 3,000 pCi/L (2,700
µg/L), per 10 CFR 20, during the 1,000-year performance period.

Figure 37 provides time-series plots of plume locations at a concentration above 30 µg/L for
comparing to other alternatives. This transport condition does not account for hydrogeochemical
changes in uranium valence due to redox conditions or Kd changes along the flow path. The
plume persistence indicates that integrated Landfill capping is a viable solution to ensure
uranium does not migrate outside the Landfill.
6.2.3

Deep Excavation and Off-site Disposal (Modeled Alternative C)

The FUSRAP-impacted soils and uranium plume located within the excavation footprint shown
on Figure 4 were removed from the model to reflect contaminant excavation and off-site
disposal. This remedial alternative will leave behind total uranium residuals that range between
32.6 mg/kg and 1.0 mg/kg, which average 4.3 mg/kg (excluding non-detect values). Uranium
residuals that exceed 10 mg/kg are seen at 33 locations (averaging 15.2 mg/kg); 26 locations
have samples from greater than 3-feet deep, or below the seasonally high (spring-time)
groundwater level. These saturated uranium residuals average 14.9 mg/kg and are dispersed
along the edges of the proposed remedial excavation; they do not create a large-scale contiguous
source term that would continue to promote plume generation. Table 6 indicates Kd thresholds
of 143 to 495 mL/g would prevent these residuals from promoting uranium concentrations above
30 µg/L. This Kd range lies below the observed estimates for the Landfill OU (205 to 24,635
mL/g) and indicates groundwater will not be degraded by the residuals, irrespective of other
geochemical inhibitors (e.g., low redox) also suppressing uranium transport.
The VOC contaminants that are collocated with FUSRAP contaminants (Figure 27a) also will be
excavated under this alternative, which will affect the reducing conditions in the Landfill OU.
However, the remaining PAH compounds (Figure 27b) will promote an oxygen deficit that
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would still suppress redox levels and thus uranium transport from the low-concentration
residuals. The enhanced breakdown of PAHs is commonly facilitated by in-situ chemical
oxidation, thus their recalcitrant presence in the Landfill and non-enhanced degradation are
expected to deplete oxygen levels in the Landfill for a significant timeframe (Fetter 1999). The
low nitrate and sulfate sampling results from Landfill groundwater indicates oxygen depletion is
active and thus redox conditions are not expected to increase after potential excavation.
Consequently, a post-remedial source term is not expected due to the dispersed distribution of
uranium residuals in the groundwater zone, a persistent low-redox condition, and an estimated
Kd range that limits transport. This weight of evidence precludes the assignment of a
groundwater flux term for the excavation alternative. The groundwater plume for this alternative
reflects a natural attenuation scenario within the Landfill.
The end-state of Alternative 3 was modeled in three ways:
1) excavation and disposal with no long-term capping in the FUSRAP area,
2) excavation and disposal with a site-owner cap integrated into the phased caps, and
3) excavation and disposal with construction volume dewatering and a site-owner cap
integrated into the phased caps.
The modeling results indicate the following:
•
•
•

•

•

The source removal precludes residual groundwater sources.
The remaining plume is not affected by a 30-day dewatering period associated with
FUSRAP material removal.
Uranium concentrations above 30 µg/L persist for 495 years under the integrated cap
scenario due to lower recharge-based dilution and lower flow velocities, both inhibiting
dispersion.
The uranium attenuates to below 30 µg/L within 110 years if the FUSRAP area remains
uncapped. The plume attenuates faster when uncapped due to recharge that dilutes and
disperses the plume as it migrates towards the southern leachate collection system.
The maximum concentration entering the ditch at initial groundwater-level equilibrium
after source removal is X µg/L. The maximum predicted uranium concentration is well
below the discharge concentration of 88 µg/L required to cause an exceedance of the
CWQG ecological screening level in Two Mile Creek, as discussed in Section 3.0.
Uranium does not accumulate in the overall flow system, so the leachate collection
system will receive inflows well below the sewer-discharge limit of 3,000 pCi/L (2700
µg/L) stated in 10 CFR 20 for the 1,000-yr period.

Figures 38, 39, and 40 provide time-series plots of plume locations for a comparative
concentration threshold of 30 µg/L and greater. This transport condition does not account for
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hydrogeochemical changes in uranium due to redox conditions or variations in Kd. Plume
reactions to source-term excavation indicates groundwater will not be a media of concern after
110 years if no subsequent cap is installed over the FUSRAP area, or 495 years if a postremediation cap is installed by the Town of Tonawanda. The surface-water discharge results are
presented on Figure 41.
The simulated dewatering of the remedial excavation to a level commensurate with the base of
contamination depicted in Figures 5 and 6 did not affect the plume longevity (Figure 40).
The two excavation simulations (excavation with no subsequent Town capping and excavation
with Town capping) conservatively ensure that landfill discharge to Two Mile Creek will not be
a risk to human health and the environment.

6.3

Transport Uncertainty

Past disposal operations and landfill conditions add uncertainty to contaminant distributions. In
addition, recently observed groundwater conditions are considered transient in 2013 due to the
phased cap construction. The hydrogeologic data shown on Figure 10 produced the contaminant
condition seen on Figure 23; groundwater conditions will continue to respond to the capping and
modify the groundwater plume over tens of years. Reconstruction of these past processes is
beyond this modeling effort, although they are important to consider when evaluating model
output. Several gaps in our knowledge or long-term assumptions are summarized below.
•

•

The Landfill OU was unimproved throughout the early 1980s. This condition allowed a
groundwater mound to form, which then promoted the preferential transport of uranium
toward the edges of the Landfill OU. Peripheral drainages then provided an external
pathway for outflow. None of this past condition applies to the future conceptual site
model, which is predicted through this model.
The leachate collection drain installed along the southern border of the Landfill OU is
simulated as a drain in Layer 2, or the glacial till underlying the landfill. Prior to this
installation in the mid 1990s, historical leachate discharges outside the Landfill OU are
not known. However, some low-level groundwater impacts just south of the Landfill OU
are shown on Figures 10 and 22, which indicate past dispersion of the uranium in
groundwater in and around the Landill OU. This condition changed with the installation
of the leachate drain, which is simulated in the model. The hydrologic reaction to this
component is a stronger southerly flow and groundwater capture throughout the 1,000year model. Secondary model simulations omitting the drain show slight variations in
flow directions, with plume migration being nearly the same (i.e., it does not increase in
size by more than 10%).
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•

•

•

•

The Phase 1 (2011) and Phase 2 (2013) capping will lessen recharge, lower groundwater
levels throughout the Landfill OU, and reduce peripheral seepage. The current model
was calibrated based on the 2012 groundwater conditions that reflect the Phase 1 cap
completion. A secondary predictive baseline flow model was created to reflect the
phased cap completion (Phase 2 in place); this simulation is used for the baseline
transport simulation.
The predictive flow solution derived from capping part or all of the Landfill OU will
inject some uncertainties in the transport model, yet the groundwater system is generally
simple and appears already reactive to the Phase 1 capping. A predicted water level
decline of approximately 1.2 m (4 ft) is expected once the Phase 2 cap is installed. This
response also will promote a more southerly flow in the landfill towards the leachate
collection system, which appears to be an ongoing response based upon 2013 data
(Figure 20b).
Alternative 2, the in-situ capping alternative, assumes the USACE will construct a cap
fully covering the FUSRAP area and its periphery. This coverage will ensure that deeply
impacted soils receive minimal recharge and lessen groundwater contact with FUSRAP
material by reducing heads up to 3.4 m (11 ft) in the Landfill. The USACE cap
performance is based upon full integration with both the Town’s caps.
Transport models are sensitive to Kd. The Landfill OU simulations used a conservative
Kd of 12 mL/g for the landfill material, which also shows high hydraulic conductivity
(7.2 x 10-3 cm/s or 20.41 ft/d). A baseline simulation with a Kd of 120 mL/g shows a
slower plume reconfiguration and a slightly smaller 1,000-year plume extent. An
additional transport simulation without soil partitioning (Kd=0) shows the plume
transporting to the southern border of the Landfill OU, where it is partially captured by
the leachate collection and partially migrates into the glacial sediments and contact zone
aquifer (Layers 2 and 3) (Figure 42). This low (zero) Kd value is unrealistic, as the
groundwater sampling from the source area would exceed 39,000 µg/L total uranium, or
nearly 155-times the highest observed value.

The three Kd simulations (zero Kd, baseline 12 mL/g Kd, and 120 mL/g Kd) bracket the likely
transport extremes for the 1,000-yr performance period. They indicate the plume will be retained
in the landfill, with only the zero Kd simulation showing significant concentration discharges to
the leachate collection system along the southern boundary of the Landfill OU. Consequently,
the Kd value of 12 mL/g is maintained as a conservative estimate for plume migration and fate
during the 1,000-year performance period.

7.0

Summary and Conclusion

The groundwater flow and transport model developed for the Landfill OU of the Tonawanda
Landfill Vicinity Property is based on site-specific input data with literature values to
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supplement data gaps. A recharge-season (high water) groundwater condition was used for
calibration to ensure all transport pathways are included in the model. This will ensure that
seasonally dry areas are allowed to transmit contaminants in the model at all times. The layers
and boundaries are based on site data and assumed conditions common to similar hydrologic
settings (glacially derived sediments providing water-bearing zones).
The calibration was performed using the PEST module of GMS, which performed systematic
data changes to produce an interpolated recharge distribution that best represents site conditions
and allows the observed heads to be accurately simulated. Some of these results were manually
modified where needed to create a best representation of the site hydrogeology and meet
calibration targets. Other model boundary conditions and input were held to site-related
deterministic values.
The calibrated groundwater flow solution was used as the basis for the contaminant transport
model to predict flow pathways and contaminant fate in the Landfill OU. Groundwater flow
continues to be influenced by the phased capping of the Landfill OU (2011-2013). The current
uranium plume will be altered from a westerly to southwesterly migration that discharges to
surface drainage to a more southerly/southeasterly migration, where it remains within the
Landfill OU boundaries. This is due to reduced heads and resulting lower flow velocities (via
gradients) derived from lower recharge to the Landfill OU.
As the plume changes morphology and water levels decline in response to the phased capping,
discharge to the ditches along the northwestern side of the Landfill OU will decline. Without
source removal (i.e., excavation and removal of uranium-contaminated soils), uranium will
continue to leach to the groundwater and promote plume persistence beyond the 1,000-year
performance period. With soil excavation (and collocated plume removal), the residual plume
will attenuate to below 30 µg/L within either 110 years if the FUSRAP area is not subsequently
capped or 495 years if the FUSRAP area is capped after USACE remediation. However, the
plume does not migrate from the Landfill OU above the MCL under any scenario.
The current site groundwater resides in municipal and light industrial landfill wastes that do not
promote potable conditions. The landfill material is productive due to high hydraulic
conductivity, yet the ambient quality is chemically impacted and does not meet other drinking
water standards. The site-specific sampling data listed in Table 2 indicate that the Landfill OU
groundwater and underlying contact-zone aquifer can only be made potable through treatment.
Table 3 exhibits elevated metals and total dissolved solids that also would require removal by
treatment to achieve a potable condition. Groundwater data from the nearby Linde Site
supplements the fact that site-area groundwater does not naturally meet drinking standards and
thus is not considered a viable consumptive resource without significant treatment (USACE
2006).
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In addition, future extraction and consumption of groundwater is unlikely since the proximal
Niagara River and municipal systems provide higher quality supplies. New York State qualifies
(by default) all groundwater as a resource for drinking water (GA Classification), yet the site is a
registered municipal landfill under the NYSDEC and thus is zoned as an industrial property.
Groundwater is not a potable source and thus residual uranium contamination in groundwater in
the Landfill OU will not be a human health risk.
The modeling also indicates that the uranium will not migrate from the Landfill under any of the
three alternatives, including the No Action alternative, at concentrations that would pose a risk to
human health and the environment in Two Mile Creek.
This appendix provides an understanding of groundwater elevations, flow directions, soil
permeability, and uranium transport impacts for the Landfill OU. The modeling provides the
following information for consideration in the Feasibility Study:
•

Modeled Alternative A, No Action and Targeted Shallow Removal Action: Uraniumimpacted groundwater readily discharges to the off-site environment via surface-water
pathways. Though site groundwater is not a potential drinking water source, total
uranium levels in groundwater within the Landfill OU will remain above the MCL under
this alternative, and continued uranium migration in groundwater will increase the levels
of contamination in site soils. However, the predicted concentrations in the Landfill OU
do not cause the accumulation of mass that would cause uranium concentrations in Two
Mile Creek to exceed the drinking-water and ecological protection criteria of 30 µg/L and
15 µg/L, respectively.

•

Modeled Alternative B, In-situ Capping: The capping alternative would inherently
suppress groundwater levels in the Landfill OU and reduce the capability of off-site
discharges via surface-water pathways, which also would likely be re-engineered as part
of the cap installation. As with Modeled Alternative A, total uranium levels in
groundwater within the Landfill OU will remain above the MCL under this alternative,
and continued uranium migration in groundwater will increase the levels of
contamination in site soils, though to a lesser extent than under Alternative A.

•

Modeled Alternative C, Deep Excavation and Removal: This alternative will remove a
significant mass of uranium from the Landfill OU, leaving soil residuals that are not
expected to further groundwater impacts, and providing a condition amenable to the
natural attenuation of uranium to levels below the MCL.
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622.03

621.34
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L-1

L-2

L-3

TWP-3

TWP-4

TWP-5

TWP-6

TWP-7

TWP-8

TWP-9

TWP-10

TWP-13

BM-6

3.28
1.02
3.1
3.41
3.98
3.28
5.75
19.71
17.15

3/26/2012
4/8/2013
3/31/2010
2/28/2012
3/26/2012
4/8/2013
9/1/2001
3/26/2012
4/8/2013

Geologic Zone Code Notes:
WS - Landfill Waste Zone
GD - Native Glacial Deposits

613.91
599.95
602.51

618.29
618.99

619.17
618.86

616.87
619.13

620.15
618.80

619.46
617.97
618.93

618.65
617.66
618.37
618.71
620.56

618.55
618.30
618.95

618.93
618.93
619.62

619.12
619.21

619.31
618.67
618.48
618.81

618.72
618.40
618.78

618.18
618.51
619.35

618.81
618.52

617.69
617.93
618.11

617.73
617.71
618.18

610.27

608.52
611.30

Groundwater
Elevation

-5.70

-0.06

-0.34

-0.54

0.02

-0.22

-0.06

-0.17

-0.19

-0.10

0.21

0.22

0.88

Average
Elevation
Difference

Groundwater Zone Average Difference
WS
-0.47
GD
2.39

0
1.35

0.8
0.71

3/31/2010
2/28/2012

4/1/2010
2/28/2012

3.62
4.26
4.45
4.12

3/31/2010
2/28/2012
3/26/2012
4/8/2013

1.1
2.59
1.63

3.75
4.07
3.69

2/28/2012
3/26/2012
4/8/2013

2/28/2012
3/26/2012
4/8/2013

2.85
2.52
3.12

3/26/2012
4/8/2013
3/31/2010

1.71
2.7
1.99
1.65
0

2.22
2.51

3/31/2010
2/28/2012

3/31/2010
2/28/2012
3/26/2012
4/8/2013
4/2/2010

3.65
3.41
3.23

9/1/2001
3/26/2012
4/8/2013

1.07
1.32
0.67

4.3
4.32
3.85

9/1/2001
3/26/2012
4/8/2013

2/28/2012
3/26/2012
4/8/2013

5.85

4/8/2013

0.99
0.99
0

7.6
4.82

9/1/2001
3/26/2012

3/26/2012
4/8/2013
3/31/2010

Detph to
Water

Logdate

Shaded cell indicates decline from previous reading or overall.

619.66

622.27

620.15

620.56

620.36

619.62

619.92

622.93

622.47

621.03

Measuring
Point
Elevation

Geologic Zone
Code

Location
Identifier

TABLE 1. GROUNDATER ELEVATION MEASUREMENTS

TWP-14

TWP-12

TWP-11

BM-8

GD

GD

GD

GD

GD

GD

BM-5
BM-7

GD

GD

BM-4

BM-19

GD

GD

BM-17

BM-18

GD

GD

GD

GD

GD

GD

GD

Geologic Zone
Code

BM-16

BM-15

BM-14S

BM-14D

BM-13S

BM-13D

BM-12

Location
Identifier

3/26/2012
4/8/2013
3/31/2010
2/28/2012
3/26/2012
4/8/2013

618.81
618.81
618.81

3/31/2010
2/28/2012

3/26/2012
4/8/2013

3/31/2010
2/28/2012

9/1/2001
3/26/2012

9/1/2001
3/26/2012
4/8/2013

9/1/2001
3/26/2012
4/8/2013
9/1/2001
4/8/2013

9/1/2001
3/26/2012
4/8/2013

9/1/2001
3/26/2012
4/8/2013

3/26/2012
4/8/2013

9/1/2001
3/26/2012
4/8/2013
9/1/2001

9/1/2001
3/26/2012
4/8/2013

9/1/2001
3/26/2012
4/8/2013

3/26/2012
4/8/2013

3/26/2012
4/8/2013
9/1/2001

3/26/2012
4/8/2013
9/1/2001

9/1/2001

9/1/2001
3/26/2012

Log Date

620.87
620.87
618.81

620.87
620.87

622.43
622.43

622.43
622.43

600.54
600.54

625.24
625.24
625.24

621.6
621.6
621.6
618.91
618.91

610.2
610.2
610.2

619.51
619.51
619.51

621.73
621.73

613.86
613.86
613.86
621.73

606.2
606.2
606.2

610.9
610.9
610.9

609.92
609.92

605.78
605.78
609.92

605.69
605.69
605.78

605.69

Measuring
Point
Elevation
603.24
603.24

1.82
6.27
2.26

4.98
3.54
13.52

13.1
3.25

1.91
2.79

2.74
1.87

9.35
4.47

15.82
4.51
6.16

9.4
2.37
3.77
11.3
16.45

11.05
3.97
4.28

9.21
13.34
10.94

11.37
5.4

14.12
12.24
13.09
11.45

20.49
10.86
13.82

14.76
2.91
4.36

10.34
10.64

3.91
5.26
-

28.61
19.49
14.4

18.65

16.28
8.35

616.99
612.54
616.55

615.89
617.33
605.29

607.77
617.62

620.52
619.64

619.69
620.56

591.19
596.07

609.42
620.73
619.08

612.20
619.23
617.83
607.61
602.46

599.15
606.23
605.92

610.30
606.17
608.57

610.36
616.33

599.74
601.62
600.77
610.28

585.71
595.34
592.38

596.14
607.99
606.54

599.58
599.28

601.87
600.52
-

577.08
586.20
591.38

587.04

586.96
594.89

Detph to
Groundwater
Water (feet) Elevation (feet)

3.75

3.19

-0.02

4.88

4.83

-5.15

2.82

3.38

-0.87

3.03

0.51

3.33

5.20

-0.30

4.57

-0.42

7.93

Average
Elevation
Difference
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NOTES:

--

TWP-02
TWP-03
TWP-04
TWP-05
TWP-06
TWP-07
TWP-08
TWP-09
TWP-10
TWP-11
TWP-12
TWP-13
BM-4
BM-5
BM-6
BM-7
BM-8
BM-12
BM-13S
BM-13D
BM-14S
BM-14D
BM-15
BM-16
BM-17
BM-18
BM-19
L-1
L-2
L-3
P-1
P-2
P-3
P-4
P-5
P-6
DW-1
DW-2
DW-3
DW-4
DW-4R
SW/SD-01
SW/SD-02
SW/SD-03
SW/SD-04
SW/SD-05
SW/SD-06
SW/SD-07
SW/SD-08
SW/SD-09
SW/SD-10
SW/SD-11
SW/SD-12
SW/SD-13
SW/SD-14
SW/SD-15
SW/SD-16

Location
TWP-01

---235
-199
-143
-224
-220
-84
-151
17
--223
68
---------148
83
-15
110
161
-279
-270
-201
----------2
116
131
---28
97
177
194
188
225
213
167
172
146
153
208
21.1
171.7
#REF!
#REF!

Mixed
Mixed
--Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
-----

Anoxic-Suboxic
Mixed
Mixed
Anoxic
Mixed-Anoxic
Mixed-Anoxic
Mixed-Anoxic
Mixed
Mixed
Mixed
Mixed-Anoxic
Mixed
Mixed
---------Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed-Anoxic
Mixed
-----------

APR-2012
Calcualated Redox
ORP (mV) Assignment (2011-2012)
213
Mixed-Anoxic

Indicates FEB-1999 Development Dataset
Indicates No Data Available for Location (1999 or 2012)
Exceeds Drinking Water Stanards for Comparison

Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Silty Clay
Silty Clay
Waste
Silty Clay
Silty Clay
Waste
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Silty Clay
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Silty Clay
Silty Clay
Coarse Sand/Bedrock
Coarse Sand/Bedrock
Coarse Sand/Bedrock
Silty Clay
Coarse Sand/Bedrock
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Surface Water Ditch
Mean
Standard Deviation
Lower 95% Confidence Limit
Upper 95% Confidence Limit

Screened
Lithology
Silty Clay

Table 2. Ambient Groundwater Assessment

--2230
2170
1230
1200
1210
1540
3370
983
-1710
2040
-----1575
1015
1142
-1510
1770
3090
4150
2190
2900
1760
1130
9210
11520
2330
6850
--3030
1520
2820
1564
976
1150
414
--1070
373
1580
1590
1450
983
1450
316
1190
313
347
-2116.4
2168.3
#REF!
#REF!

Specific Conductance
(uSv/cm^2)
1160
--7.88
8.44
7.37
8.24
8.2
7.86
7.77
7.32
-7.82
7.04
-----7.6
7.8
7.6
-8.19
7.2
6.84
6.82
7.19
9.29
9.45
8.33
9
9.4
7.12
7.2
--7.8
7.94
12.7
11.9
8.7
7.61
7.75
--7.64
6.31
8.07
7.91
7.54
8.08
7.8
8.1
8
7.63
8.01
??
8.0
1.1
#REF!
#REF!

6.5 - 8.5
7.26
0.01
3.41
0.61
0.46
0.82
0.52
1.26
1.29
2.04
1.49
-0.71
1.13
---------2.84
3.02
1.32
2.71
2.62
1.18
1.54
7.2
-----------5.74
4.75
--3.86
5.12
4.25
4.29
5.41
9.04
3.48
13.67
9.79
10.17
9.27
??
3.8
3.3
#REF!
#REF!
1,300

160

4.5

120
130
110
120
26
100
26
28
28

920
930
750
890
170
760
170
190
190

125.7
161.6
#REF!
#REF!

130

920

9.2

5.2
3.9
#REF!
#REF!

0.61

0.69

0.65

4.7

0.59

6.8

4

6.7

8.6

8.3

1.3

4.6

1.9

13

11

51

46

0.61

11

6.9

2.4

0.73

0.83

12

0.85

7.2

3.8

9.9

11

7.4

5.7

5.1

-------------

----------

--

---

210

49

780

510

44

4.9

72

130

8.7

410

140

50

170

38

140

20

-------------

----------

--

---

130

30.0
66.8
#REF!
#REF!

Arsenic

Barium
Cadmium

114
51.8
360
310
150
120
120
150
98
82
93.6
170
29
---------51
41
120
90
23
400
110
110
---------------------------131.2
100.3
#REF!
#REF!

0.1
0.1
ND
ND
0.3
ND
0.3
0.2
-0.4
-ND
ND
---------ND
0.3
ND
0.4
0.4
0.3
ND
ND
---------------------------0.3
0.1
#REF!
#REF!

250 mg/L 25 ug/L 1000 ug/L 5 ug/L
32
1.9
94 ND

730

--12.2
14.3
0.1
5.7
0
9.9
3.6
0
-9.1
155
---------10.2
267
27.7
14.1
0
3
8.2
16.3
-------------

5 NTU
13.4

Chloride

650

630

1,000

1,700

1,500

2,500

1,900

1,200

900

1,400

970

580

2,100

1,100

640

710

750

1,300

974.8
549.8
#REF!
#REF!

-------------

----------

--

---

>4.0 mg/L 500 mg/L
770
2.58

NYS-DEC Class GA Drinking Water Standards
Dissolved
pH
D.O. (SW) Solids
Turbidity
Fluoride

Iron

13.2
8.2
1.3
4.5
0.5
1.1
1.4
1.4
-7.8
-3.2
0.9
---------3.4
2
2.5
19
4.1
9.3
2.8
1.8
---------------------------5.1
5.2
#REF!
#REF!

-------------------------------------------------------------180

190

310

910

220

240

680

420

410

230

310

1,900

120

1,500

1,100

1,600

250

1,300

2,200

2,700

240

2,300

3,000

222.9
253.1
#REF!
#REF!

---

-------------

----------

18

20

33

76

21

78

76

75

130

110

350

220

110

330

62

110

3.5

1,000

550

93

8.7

180

360

200

490

220

1,400

330

210

930

30

140

160

630

--

---

300 ug/L

Manganese

460

1,700

1,100

5,000

420

7,600

1322.2
1582.7
#REF!
#REF!

---

-------------

----------

--

---

200 ug/L 1.5 mg/L 300 ug/L
2,100
14 #VALUE!

Copper

Lead

230

249
2,793
2,750
2,300
254
1,710
1,162
1,830

3,360
2,480

7,740
450
5,930
1,310
2,030
1,090
1,890
420

2,120
660
340
540
495
756
318
241
986
343
210
198
1545.1
1686.2
#REF!
#REF!

---

-------------

----------

--

---

0.39

0.55

0.75

2.3

0.91

1.5

2.8

1.4

1.5

2.1

5.4

7

1.3

4.8

13

35

1.3

1.6

0.4

2.2

1.2

8.3

2.3

5.8

2

2.3

9.2

0.65

3.4

2.4

2.9

4.8
7.4
#REF!
#REF!

---

-------------

----------

--

---

500 ug/L
25 ug/L
2,260
26

Iron and
Manganese

0.25

0.79

0.82

0.49

0.38

0.29

0.33

0.32

1.3

0.32

4.1

1.8

3.4

2.6

1.4

0.21

1.4

0.21

0.25

0.2

0.27

0.31

0.21

0.26

0.21

0.23

0.2

4.1

1.8

0.048

0.9
1.2
#REF!
#REF!

---

-------------

----------

--

---

0.28

10 mg/L

Nitrate and
Nitrite

0.22

0.1
0.1
#REF!
#REF!

0.054

0.054

0.054

0.054

0.054

0.054

0.054

0.054

0.37

0.22

0.054

---

0.054

-------------

0.054

0.054

0.054

0.054

0.054

0.054

0.054

0.054

----------

0.054

--

0.054

0.054

0.054

0.054

0.054

0.054

0.054

0.054

---

0.054

1.0 ug/L

Nitrite

1.5

2.4

3.7

1.5

12

7.7

1.5

1.5

1.5

2.5

1.5

6.4

2.2

1.5

1.5

1.5

2.2

2.5

0.58

0.7

0.8

1.8

0.58

2.8

1.4

3.1

2.6

1.9

0.9

1.5

0.58

2.4
2.3
#REF!
#REF!

---

-------------

----------

--

---

1.5

10 ug/L

Selenium

--------------------------------------------------------------

--------------------------------------------------------------

Sodium

23

170
280
270
170
540
47
15
7.3

120
530

0.98
0.1
39
32
7.9
200
440
40

20
34
20
20
39
140
20
24
140
24
28
28
113.4
149.9
#REF!
#REF!

-------------

----------

--

---

Sulfate

252
9.08

145
24.2
24.5
25.6
30.3
15.7
31.3
0.354
14.6
0.395
1.02
0.902
34.0
51.9
#REF!
#REF!

------------

5.13

29.8

1.43

27.6

25.2

17.2

36.3

16.1

57.5
32.1

13.5
9.17
42.4
3.23

91.7

0.386
0.434
128

Uranyl Ion
30 ug/L
50 ug/L 20 mg/L 250 mg/L USEPA MCL
8.72
160
Silver

Table 3. Surface Water and Groundwater Sampling Summary

Parameter (1)

Count

Detections

Maximum

Minimum

Mean

ALKALINITY, TOTAL
ALUMINUM (2)

68
104

68
103

323.00
1.90

1100.00
16600.00

697.76
372.73

AMERICIUM-241
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
BORON
BROMIDE
CADMIUM
CALCIUM
CHLORIDE (AS CL)
CHROMIUM
COBALT
COPPER
DISSOLVED OXYGEN
FLUORIDE
GROSS ALPHA (3)
GROSS BETA (3)
IRON
LEAD
LITHIUM
MAGNESIUM
MANGANESE
MERCURY
MOLYBDENUM
NICKEL
NITRATE
NITRITE
NITROGEN, NITRATE (AS N)
NITROGEN, NITRITE (AS N)
OXIDATION REDUCTION POTENTIAL
PH
ORTHO-PHOSPHATE
PHOSPHORUS (TOTAL P)
PHOSPHORUS (TOTAL PO4)
POTASSIUM
POTASSIUM-40
PROTACTINIUM 231
RADIUM-226
RADIUM-228
RESIDUE, DISSOLVED
SELENIUM
SILVER
SODIUM
SPECIFIC CONDUCTIVITY
SULFATE
TEMPERATURE
THALLIUM
THORIUM-227
THORIUM-228
THORIUM-230
THORIUM-232
TOTAL DISSOLVED SOLIDS
TOTAL URANIUM
TURBIDITY
URANIUM-234
URANIUM-235
URANIUM-236
URANIUM-238
VANADIUM
ZINC

54
104
104
104
104
14
39
104
104
72
104
104
104
19
72
43
43
104
104
28
104
104
104
28
104
48
48
19
19
19
19
27
20
19
104
9
36
186
187
20
104
104
104
19
72
19
104
10
194
194
194
36
122
19
198
162
36
198
104
104

5
34
93
104
2
14
20
47
104
72
93
103
104
19
72
11
18
95
93
28
104
104
28
28
104
43
6
7
9
19
19
21
7
8
104
8
0
99
93
20
69
16
104
19
71
19
8
0
99
101
41
36
120
19
182
106
26
178
96
104

0.06
0.52
0.51
21.00
0.20
359.00
0.05
0.07
3800.00
1.50
0.28
0.12
0.50
0.46
0.07
11.48
3.03
22.70
0.26
27.20
2900.00
0.96
0.03
10.00
1.40
0.00
0.04
0.22
0.02
-279.00
6.82
0.07
0.33
0.39
2200.00
81.20
--0.08
0.17
580.00
0.33
0.04
4100.00
0.98
0.98
45.70
0.10
--0.02
0.06
-0.01
572.00
0.24
0.00
0.11
-0.06
0.07
0.06
0.32
3.50

6.37
7.10
37.70
860.00
1.70
3320.00
12.00
3.40
200000.00
800.00
51.50
13.80
240.00
7.20
1.50
318.00
598.00
17000.00
1500.00
569.00
380000.00
1000.00
0.51
83.20
46.50
0.82
0.22
0.83
0.25
213.00
9.45
15.00
2.40
1.50
130000.00
1070.00
-11.80
32.30
2500.00
43.00
2.90
472000.00
4.15
593.00
52.70
1.10
-9.37
9.43
6.43
2400.00
459.00
267.00
217.00
8.94
20.70
211.00
69.40
962.00

1.83
2.12
7.11
134.66
0.95
1689.14
2.42
0.41
81337.69
114.74
6.90
1.04
10.73
1.85
0.69
110.14
131.17
1893.86
26.32
249.34
87371.06
260.84
0.09
36.00
7.54
0.19
0.13
0.41
0.19
-76.00
7.82
6.68
1.13
0.88
41383.17
318.34
-0.97
1.48
1176.50
3.95
0.36
171769.23
1.965
135.30
50.08
0.43
-0.48
0.68
0.47
1068.50
40.37
29.99
14.03
0.75
2.58
13.18
5.22
57.23

NOTES:
(1) Values include total and dissolved fraction data.
(2) Shaded Parameters indicate average exceeds a primary or seconday USEPA MCL or NYSDEC guidance value.
(3) Gross Alpha and Beta influenced by total fraction data, potassium-40 and uranium isotopes.
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Units
mg/L
ug/L
pCi/L
ug/L
ug/L
ug/L
ug/L
ug/L
mg/L
ug/L
ug/L
mg/L
ug/L
ug/L
ug/L
mg/L
mg/L
pCi/L
pCi/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
mg/L
mg/L
mg/L
mg/L
mV
-mg/L
mg/L
mg/L
ug/L
pCi/L
pCi/L
pCi/L
pCi/L
mg/L
ug/L
ug/L
ug/L
mS/cm^2
mg/L
F
ug/L
pCi/L
pCi/L
pCi/L
pCi/L
mg/L
ug/L
NTU
pCi/L
pCi/L
pCi/L
pCi/L
ug/L
ug/L

Table 4. Filtered and Non-filtered Groundwater Sampling Results
Groundwater Analytical Results for Unfiltered Samples
Well
BM-4

BM-15

BM-16

BM-17

BM-18

BM-19

L-1

L-2

L-3

TWP-1

TWP-4

TWP-5

TWP-6

TWP-7

TWP-8

TWP-9

TWP-10
TWP-11

TWP-13

Year
2001

U-234
(pCi/L)1
14.4

U-235
(pCi/L)1
0.4

U-238
(pCi/L)1
12.3

Total U
(µg/L)2
30.1

2009

13.06

1.312

14.24

2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2013

11.2
14.2
7.4

0.733
0.766
0.4

NC
7.84
7.23
13.2
14.25
13.6
11.3
9.2
9.582
5.96
6.08
12.2
10.02
10.5
7.85
12.1
11.96
9.98
10.4
1.8
0.5705
0.744
0.935
1.1
2.745
11.1
9.04
58.2
3.543
1.62
2.24
NC
2.97
1.31
NC
0.159
0.345
NC
0.113
0.099
NC
44.3
39.5
NC
30.2
70
NC
5.03
9.61
NC
3.35
2.93
5.21

NC
0.201
0.243
0.6
0.9395
0.499
0.496
0.7
0.3404
0.4
0.195
0.6
0.7921
0.548
0.259
0.7
0.6103
0.36
0.649
0.1
0.13
0.036
0.089
0.1
0.3509
0.723
0.547
2.5
0.2719
0.08
0.166
NC
0.16
0.095
NC
0.009
-0.012
NC
-0.01
0.074
NC
2.8
1.9
NC
1.53
3.39
NC
0.238
0.576
NC
0.17
0.017
0.345

NC
5.95
4.25
9.9
11.31
12
9.47
8
8.078
5.97
4.8
10
7.566
8.74
7.28
10.6
10.6
9.28
9.38
1.4
0.568
0.921
1.02
1.6
1.778
9.48
10
58.3
2.985
1.61
2.65
NC
2.78
1.75
NC
0.11
0.289
NC
0.064
0.382
NC
45.2
39.1
NC
32
69.7
NC
4.77
10.3
NC
2.92
2.91
4.42

NC
16.1
16.5
27
26.456
36.3
27.1
22.5
20.157
17.2
13.6
30.7
47.134
25.2
19.3
34.8
27.068
27.6
28.3
3.6
1.0144
1.43
3.41
4.5
6.398
29.8
31.4
175
7.3748
5.13
6.78
NC
8.72
5.3
NC
0.386
0.8
NC
0.434
0.816
NC
128
118
NC
91.7
216
NC
13.5
30.4
NC
9.17
6.93
14.8

2010
2012
2013
2010
2012
2013

NC
2.68
3.28
NC
15.5
16.3

NC
0.109
0.049
NC
0.488
1.13

NC
2.42
2.75
NC
15.9
16.1

NC
3.23
7.82
NC
57.5
45.5

4

4

Filtered/Unfiltered
Ratio

Groundwater Analytical Results for Filtered Samples
Well

2001

U-234
(pCi/L)1
12.2

U-235
(pCi/L)1
0.8

U-238
(pCi/L)1
11.6

Total U
(µg/L)2
32.1

27.978

2009

12.99

0.5038

11.83

26.736

0.96

9.74
11.9
6

32.1
31.8
14.8

12.3
14
6.3

0.196
0.654
0.4

10.6
11.8
5.1

30.9
32.6
15.4

4

4

2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2001
2009
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2010
2012
2013
2013

NC4
7.98
7.07
13.3
12.26
15.2
11.1
9.3
6.71
6.15
5.97
10.4
10.53
9.3
9.5
13
14.48
10.9
11.5
1.8
1.939
0.298
1.24
0.5
3.878
10.8
9.71
46.8
2.187
1.85
2.38
2.87
3.48
4.09
3.2
0.151
0.288
0.37
0.055
0.347
28.12
49.3
39.2
50.67
29.1
71.4
4.21
3.88
5.61
2.14
3.43
2.83
NC

NC4
0.209
0.92
0.9
1.31
0.455
0.551
0.6
0.6448
0.402
0.123
0.7
0.6087
0.492
0.4
0.6
0.5543
0.569
0.587
0.1
0.0864
0.041
0.011
0
0.2603
0.632
0.406
3.4
0.2791
0.075
0.055
0.11
0.111
0.024
0.17
0
0.022

NC4
16.5
16.5
27
29.342
34.1
29.7
24
18.435
19.9
14.2
31
35.371
23.9
23.4
31.6
25.403
14.9
27.6
2.9
0.9149
1.58
3.31
1.6
49.475
29.7
30.3
133
6.607
5.73
6.97

ND5
-0.01
-0.009
0.85
2.52
1.87
1.99
2.17
5.4
0.24
0.04
0.227
0.22
0.234
0.016
NC

NC4
5.14
4.21
9.6
11.92
12.2
8.79
7.9
6.946
6.38
5.43
8.9
9.455
8.33
9.25
10.4
10.78
9.57
10.3
2
0.4811
0.75
0.888
0.6
4.457
9.89
9.46
46.9
2.852
2.09
2.03
2.43
3.02
3.35
3.84
0.097
0.182
0.38
0.104
0.168
28.24
46.7
37.5
51.79
30.4
73.4
4.1
6.74
5.89
1.95
2.83
2.4
NC

2010
2012
2013
2010
2012
2013

70.24
2.29
3.17
4.52
13.7
14.4

0.95
0.057
0.122
0.17
0.865
0.591

20.26
2.42
2.87
4.19
13.1
15.5

12.4 6
46.5
47.4

0.96
1.03
1.04
-1.02
1.00
1.00
1.11
0.94
1.10
1.07
0.91
1.16
1.04
1.01
0.75
0.95
1.21
0.91
0.94
0.54
0.98
0.81
0.90
1.10
0.97
0.36
7.73
1.00
0.96
0.76
0.90
1.12
1.03
-1.02
1.71
-1.19
0.90
-1.06
1.10
-0.99
1.09
-1.02
--0.81
0.53
-1.10
1.05
--2.00
1.01
-0.81
1.04

Average
Geometric Mean

1.1
1.0

BM-4

BM-15

BM-16

BM-17

BM-18

BM-19

L-1

L-2

L-3

TWP-1

TWP-4

TWP-5

TWP-6

TWP-7

TWP-8

TWP-9

TWP-10
TWP-11

TWP-13

Year

NOTES
1.       pCi/L = pico Curies per liter
2.       µg/L = micrograms per liter
3.       NA = Not analyzed
4.       NC = Not collected
5.       ND = Not detected
6.       Calculated result using the specific activities for each uranium isotope from 40CFR71, Appendix A.
Shallow and Deep well couplets are: TWP-9/-10, TWP-7/-6, TWP-5/-4, and TWP-8/L-3.

A-45

7.2 6
8.87
9.07
11.37 6
0.461
0.723
1.12 6
0.462
0.897
83.45 6
127
129
153.24
93.2
NC

6

12.17 6
11
16
5.84 6
10.1
7.25
NC
60.03 6
6.47
7.91

Unitless

1.07

Table 5. Redox Designation for Groundwater

Redox Indicators

Dissolved
O2

NO 3 - (as
Nitrogen)

Mn 2+

Fe 2+

SO 4 2-

Units

mg/L

mg/L

ug/L

ug/L

mg/L

Threshold Values

0.5

0.5

50

100

0.5

Num of
Parameters

General Redox Category

Redox Process

2.84
2.84
3.02
3.02
1.32
1.32
2.71
2.71
2.62
2.62
1.13
1.13
1.49
1.18
1.18
1.54
1.54
7.2
7.2
4.75
3.86
3.86
5.12
4.25
4.29
5.41
9.04
3.48
-13.67
-9.79
-9.79
-10.17
-9.27
--5.74
9.04
0.18
2.58
0.18
2.58
3.41
3.41
3.41
3.41
8.21
8.21
2.04
7.21
1.49
7.21
1.49
4.74
0.71
0.01
0.01
4.46
0.61
4.46
0.61
4.46
4.46
0.46
2.69
2.69
0.46
2.69
2.69
0.02
0.59
0.02
0.59
0.01
0.52
0.01
0.52
1.26
1.26
7.21
1.29
7.21
1.29

0.23
0.23
0.21
0.21
0.26
0.26
0.21
0.21
0.31
0.31
0.2
0.2
0.21
0.27
0.27
0.2
0.2
0.25
0.25
0.21
1.4
1.4
0.21
1.4
2.6
3.4
1.8
4.1
0.49
0.32
0.31
1.3
0.31
1.3
0.27
0.32
0.23
0.33
0.26
0.29
0.68
1.9
0.35
0.28
0.36
0.28
0.02
0.021
0.016
0.019
--0.048
0.15
0.23
0.16
0.23
0.0041
0.42
0.0069
0.0069
-0.38
0.023
0.38
-0.026
0.49
-0.23
0.49
-0.24
0.0065
0.82
0.0093
0.82
0.011
0.79
0.0061
0.79
0.25
0.25
0.033
0.048
0.036
0.048

4.1
8.7
24
93
530
550
1,000
890
1
3.5
91
180
190
110
110
59
62
330
330
110
190
220
350
110
130
75
76
78
17
21
250
54
190
76
25
33
18
20
18
18
380
84
524
40
614
160
47.8
65.3
54.4
82.8
197
214
490
23.5
200
52.4
190
366
360
36.8
373
48.8
130
51.8
140
50.8
150
30
8.9
8.7
30
39.2
18.6
109
930
110
820
134
210
177
200
330
310
310
630
791
600

150
240
220
2,700
2,200
1,300
1,300
740
250
50
310
2,300
180
1,600
1,600
700
1,100
1,100
1,500
120
670
1,900
310
230
410
420
680
240
300
220
1600
350
410
910
270
310
240
190
240
180
1,200
1,100
-340
1990
2,100
243
688
243
1460
28.7
700
1,400
716
560
2230
220
22.7
3,000
88.2
14500
707
7,000
831
7,600
876
8230
420
313
223
370
2340
759
70.6
5,000
1100
4,700
24.7
1,100
1630
950
1,500
1,700
46.1
450
7830
460

170
170
280
280
270
270
170
170
540
540
530
530
37
47
47
15
15
7.3
7.3
23
20
20
34
20
20
39
140
20
23
24
120
140
120
140
22
24
27
28
24
28
92
140
161
160
162
160
48.5
48.2
58.1
56.7
3.5
3.6
440
588
40
593
40
97.6
120
15.5
15.5
18.7
0.98
11.6
0.98
18.7
11.6
0.1
8.1
8.5
0.1
8.3
8.5
2.4
39
2.4
39
8.2
32
8.2
32
7.9
7.9
216
200
219
200

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
5
4
5
4
5
4
5
4
5
4
4
5
5
4
5
5
5
5
5
5
5
4
4
5
5
5
5
5
5
5
5
5
4
5
5
5
4
5
5
4
5
5
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Oxic
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
AnoxicOrMixed(oxic-anoxic)
Mixed(oxic-anoxic)
AnoxicOrMixed(oxic-anoxic)
Mixed(oxic-anoxic)
AnoxicOrMixed(oxic-anoxic)
Mixed(oxic-anoxic)
AnoxicOrMixed(oxic-anoxic)
Mixed(oxic-anoxic)
AnoxicOrMixed(oxic-anoxic)
Mixed(oxic-anoxic)
AnoxicOrMixed(oxic-anoxic)
AnoxicOrMixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
O2 < 0.5 mg/L
Mixed(oxic-anoxic)
Anoxic
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
O2 >= 0.5 mg/L
O2 >= 0.5 mg/L
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Suboxic
Anoxic
O2 >= 0.5 mg/L
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
O2 >= 0.5 mg/L
Mixed(oxic-anoxic)
Anoxic
O2 >= 0.5 mg/L
Mixed(oxic-anoxic)
Anoxic
O2 >= 0.5 mg/L
Mixed(oxic-anoxic)
Anoxic
Mixed(oxic-anoxic)
Anoxic
Mixed(oxic-anoxic)
Anoxic
Mixed(oxic-anoxic)
Anoxic
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)
Mixed(oxic-anoxic)

O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
Fe(III)/SO4-O2?
O2-Fe(III)/SO4
Fe(III)/SO4-O2?
O2-Fe(III)/SO4
Fe(III)/SO4-O2?
O2-Fe(III)/SO4
Fe(III)/SO4-O2?
O2-Fe(III)/SO4
Fe(III)/SO4-O2?
O2-Fe(III)/SO4
Fe(III)/SO4-O2?
Fe(III)/SO4-O2?
O2-Fe(III)/SO4
O2-Fe(III)/SO4
Unknown
O2-Fe(III)/SO4
Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
Unknown
Unknown
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Mn(IV)
O2-Fe(III)/SO4
Suboxic
Fe(III)/SO4
Unknown
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
Unknown
O2-Fe(III)/SO4
CH4gen
Unknown
O2-Fe(III)/SO4
CH4gen
Unknown
O2-Fe(III)/SO4
Mn(IV)
O2-Fe(III)/SO4
Fe(III)/SO4
O2-Fe(III)/SO4
Mn(IV)
O2-Fe(III)/SO4
Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Mn(IV)
O2-Fe(III)/SO4
O2-Fe(III)/SO4
O2-Fe(III)/SO4

Sample ID
BM-15-F (2012)
BM-15-U (2012)
BM-16-F (2012)
BM-16-U (2012)
BM-17-F (2012)
BM-17-U (2012)
BM-18-F (2012)
BM-18-U (2012)
BM-19-F (2012)
BM-19-U (2012)
BM-4-F (2012)
BM-4-U (2012)
GW-Dup (TWP-11) (2012)
L-1-F (2012)
L-1-U (2012)
L-2-F (2012)
L-2-U (2012)
L-3-F (2012)
L-3-U (2012)
SW-02-U (2012)
SW-05-F (2012)
SW-05-U (2012)
SW-06-U(2012)
SW-07-U (2012)
SW-08-U (2012)
SW-09-U (2012)
SW-10-U (2012)
SW-11-U (2012)
SW-12-U (2011)
SW-12-U (2012)
SW-13-F (2011)
SW-13-F (2012)
SW-13-U (2011)
SW-13-U (2012)
SW-14-U (2011)
SW-14-U (2012)
SW-15-U (2011)
SW-15-U (2012)
SW-16-U (2011)
SW-16-U (2012)
SW-1-U (2012)
SW-DUP (SW-10) (2012)
TWP-01-F (2010)
TWP-01-F (2012)
TWP-01-U (2010)
TWP-01-U (2012)
TWP-03D-F (2010)
TWP-03D-U (2010)
TWP-03-F (2010)
TWP-03-U (2010)
TWP-08-F (2010)
TWP-08-U (2010)
TWP-10-U (2012)
TWP-11-F (2010)
TWP-11-F (2012)
TWP-11-U (2010)
TWP-11-U (2012)
TWP-13-F (2010)
TWP-13-U (2012)
TWP-2-F (2010)
TWP-2-U (2010)
TWP-4 -F (4/16/2010)
TWP-4-F (2012)
TWP-4-F (4/20/2010)
TWP-4-U (2012)
TWP-4-U (4/16/2010)
TWP-4-U (4/20/2010)
TWP-5-F (2012)
TWP-5-F (4/16/2010)
TWP-5-F (4/20/2010)
TWP-5-U (2012)
TWP-5-U (4/16/2010)
TWP-5-U (4/20/2010)
TWP-6-F (2010)
TWP-6-F (2012)
TWP-6-U (2010)
TWP-6-U (2012)
TWP-7-F (2010)
TWP-7-F (2012)
TWP-7-U (2010)
TWP-7-U (2012)
TWP-8-F (2012)
TWP-8-U (2012)
TWP-9-F (2010)
TWP-9-F (2012)
TWP-9-U (2010)
TWP-9-U (2012)

Redox Assignment

NOTES:
Excel tool developed by Bryant C. Jurgens, Peter B. McMahon, Francis H. Chapelle, and Sandra M. Eberts
U.S. Geological Survey Open-File Report 2009-1004.
Underlying calculation by McMahon, P.B., Chapelle, F.H., 2008, Redox Processes and Water Quality of Selected Principal Aquifers, Ground Water, vol. 46(2), 259-271.

A-46

A-47

5.0

Post-remedial Soil
Residuals Below Three
Feet Deep and Above 10
mg/kg
14.9

4.3

--

--

--

--

--

--

71.9

30.0

30.0

30.0

30.0

252.0

252.0

216.0

mL/g

2270
0.0073
0.85
61
8.5
5


 (− L * I )  
 
d = (0.0112L2 ) 0.5 + d a  (1 − exp


 (K * i * da )  


Where:
K - aquifer hydraulic conductivity (m/yr) =
i - hydraulic gradient (m/m) =
I - infiltration rate (m/yr) =
L - source length parallel to GW flow (m) =
d - mixing zone depth (m) =
da - aquifer thickness (m) =

 ( K )(i )( d ) 

DF = 1 + 
 ( I )( L) 

(b) Dilution-Attenuation Factor (DF) estimated below (USEPA, 1996. Soil Screening Guidance: User's Guide, Second Edition.)

495

143

22,422

7,508

24,635

5,986

819

Pore-water Concentration
Kd

NOTES:
(a) Uranium target concentration of 30 ug/L (USEPA MCL) used conservatively as discussed in Section 3.0.

1.4

Average Post-remedial
Soil Residuals

672.7

224.0

Subsoil TTLF U PRG

6,207.9
225.2

2,048.8

Highest U in Soil and
Higheest Water Result

1,508.4

75.0

502.3

Soil TLS-SB-IA1-DOE-B3
[5.3-6.3]031 and Highest
Water Result

176.8

Surface TTLF U PRG

58.9

(a)

Total U ug/L

Uranium Water
Concentration

U-238 pCi/g Total U ug/g U-238 pCi/L

Soil TLS-SB-IA1-6 [5.46.4]031710 and
Groundwater TWP-7

RCH DF ->

Tonawanda Landfill
OU FS

Uranium Soil
Concentration

Table 6. Soil-water Partitioning Coefficient (Kd) Assessment

4

mL/g

124

36

5,606

1,877

6,159

1,496

205

Diluted Pore Water
Concentration Kd (b)
ug/L

252.0

Max Observed GW
Concentration

A-48

Units
feet/day
feet/day
Unitless
Unitless
1/ft
Unitless
Unitless
ft^2/day
ft^2/day
ft/day
ft
ft
ft
ft^/day
ug/L
mL/g
ft
ug/L

Model Input Parameter
Horizontal Hydraulic Conductivity
Vertical Hydraulic Conductivity

Horizontal Anisotropy
Vertical Anisotropy
Specific Storage
Specific Yield or Effective Porosity
Total Porosity
Drain Conductance
River Conductance - Two Mile Creek
Recharge
Longitudinal Dispersivity
Horizontal Traverse Dispersivity
Vertical Traverse Dispersivity
Effective Molecular Diffusion
Transport Souce Concentration
Soil-water partitioning Coefficient (Kd)
Flow Model Convergence Criterion
Transport Model Closure Criterion

1
1
0.001
0.19
0.24
20.41
NA
See Figure 33
20
20
2
0.00001
252
12
0.01
0.0001

Model Layer 1
Landfill Wastes
20.41
20.41
1
0.1
0.0001
0.05
0.35
0.0077 and 1.0
0.01
See Figure 33
20
20
0.2
0.00001
0
120
0.01
0.0001

Model Layer 2
Native Soils
0.0077
0.00077

Table 7. Groundwater Flow and Transport Model Input Summary

1
1
0.0001
0.2
0.24
NA
NA
NA
20
20
0.2
0.00001
0
12
0.01
0.0001

5.95
5.95

Model Layer 3
Contact-zone
Aquifer

Table 8. Calibration Data and Statistical Assessment
Well
Identification

Model Layer

Observed Head
(April 2012)
(ft. amsl)

Computed
Head
(ft. amsl)

Residual
(ft)

Square
Residual

Absolute
Residual

BM-6

1

611

617.3

-6.27

39.35

L-1

1

611.3

613.9

-2.59

6.72

6.27
2.59

L-2
L-3
L-4
L-5
P-1
P-2
P-3
P-4
TWP-1
TWP-10
TWP-13
TWP-2
TWP-3
TWP-4
TWP-5
TWP-6
TWP-7
TWP-8
TWP-9
BM-12
BM-13S
BM-14S
BM-15
BM-16
BM-17
BM-18
BM-19
BM-4
BM-5
BM-7
BM-8
TWP-11
TWP-12
TWP-14
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point
DW-1
DW-2
DW-3
Control Point
Control Point
Control Point
Control Point
Control Point
Control Point

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3

617.7
617.9
610
611
612.3
616
615
616
619
616.9
618.3
618
618.2
618.4
618.5
618.9
618.3
618.4
617.9
594.9
601.9
608
595.3
601.6
610.4
606.2
606.3
619.2
611
620.7
596.1
620.5
615.9
612.5
592
592
592
592
592
592
592
592
592
592
592
592
592
597
597
597
597
597
597
597
597
597
597
597
597
597
610
610
610
610
610
610
608
606
608
615
597
600
604
606
616
615
598
608
612
612
612
612
612
612
617
617
617
602
602
602
602
602
602
602
602
602
570
569
587
551
569
580
587.5
557
555

616.5
617.9
617.1
616.9
615.6
617.5
617.3
616.8
618.0
618.0
617.4
617.8
617.7
617.8
617.8
617.8
617.8
617.9
618.0
595.2
599.8
599.2
599.4
599.9
602.5
605.3
610.5
627.0
602.5
616.1
596.0
620.9
618.7
613.9
595.0
593.2
588.8
595.6
592.8
592.0
589.7
593.2
593.6
593.1
593.6
594.0
593.1
599.4
591.7
596.2
595.2
595.8
596.6
596.7
596.3
595.9
596.6
596.5
595.1
600.6
605.3
603.8
609.0
607.0
608.3
607.8
604.5
602.5
604.6
614.6
597.7
602.1
606.3
606.0
618.2
617.5
600.6
607.6
613.6
611.9
611.4
608.1
610.9
613.1
614.7
614.6
616.8
601.0
599.9
601.3
606.1
604.0
602.2
604.3
603.1
604.1
580.2
581.2
586.9
551.3
574.3
579.5
586.9
557.1
555.0

1.18
0.02
-7.13
-5.89
-3.27
-1.54
-2.27
-0.81
1.02
-1.11
0.93
0.19
0.53
0.61
0.71
1.12
0.54
0.53
-0.13
-0.33
2.13
8.77
-4.14
1.69
7.88
0.90
-4.15
-7.77
8.47
4.56
0.10
-0.42
-2.80
-1.39
-3.02
-1.16
3.22
-3.58
-0.85
0.01
2.25
-1.16
-1.58
-1.12
-1.58
-2.01
-1.07
-2.42
5.32
0.75
1.77
1.16
0.43
0.32
0.71
1.06
0.42
0.49
1.92
-3.58
4.73
6.22
1.01
2.95
1.69
2.22
3.49
3.54
3.41
0.40
-0.67
-2.14
-2.31
-0.02
-2.18
-2.55
-2.59
0.41
-1.56
0.08
0.64
3.91
1.09
-1.11
2.25
2.38
0.24
1.04
2.10
0.74
-4.10
-2.03
-0.17
-2.29
-1.05
-2.14
-10.22
-12.23
0.13
-0.28
-5.28
0.47
0.57
-0.06
0.03

1.38
0.00
50.80
34.64
10.69
2.38
5.16
0.66
1.03
1.23
0.86
0.04
0.28
0.37
0.51
1.27
0.29
0.28
0.02
0.11
4.52
76.89
17.16
2.84
62.10
0.82
17.25
60.33
71.71
20.75
0.01
0.17
7.85
1.93
9.13
1.35
10.37
12.81
0.71
0.00
5.08
1.35
2.49
1.25
2.50
4.03
1.15
5.85
28.33
0.57
3.13
1.34
0.18
0.10
0.50
1.13
0.18
0.24
3.70
12.80
22.37
38.74
1.01
8.72
2.87
4.92
12.19
12.56
11.63
0.16
0.44
4.60
5.34
0.00
4.73
6.50
6.73
0.17
2.42
0.01
0.41
15.31
1.20
1.22
5.08
5.65
0.06
1.07
4.41
0.55
16.78
4.11
0.03
5.23
1.11
4.60
104.37
149.68
0.02
0.08
27.90
0.22
0.32
0.00
0.00

1.18
0.02
7.13
5.89
3.27
1.54
2.27
0.81
1.02
1.11
0.93
0.19
0.53
0.61
0.71
1.12
0.54
0.53
0.13
0.33
2.13
8.77
4.14
1.69
7.88
0.90
4.15
7.77
8.47
4.56
0.10
0.42
2.80
1.39
3.02
1.16
3.22
3.58
0.85
0.01
2.25
1.16
1.58
1.12
1.58
2.01
1.07
2.42
5.32
0.75
1.77
1.16
0.43
0.32
0.71
1.06
0.42
0.49
1.92
3.58
4.73
6.22
1.01
2.95
1.69
2.22
3.49
3.54
3.41
0.40
0.67
2.14
2.31
0.02
2.18
2.55
2.59
0.41
1.56
0.08
0.64
3.91
1.09
1.11
2.25
2.38
0.24
1.04
2.10
0.74
4.10
2.03
0.17
2.29
1.05
2.14
10.22
12.23
0.13
0.28
5.28
0.47
0.57
0.06
0.03

Calibration Indicators
Mean Error of Residuals (ft)
Residual Standard Deviation (ft)
Mean Absolute Error of Residuals (ft)
Root Mean Squared Error of Residuals (ft)
Minimum Residual (ft)
Maximum Residual (ft)
Observed Head Range (ft)
Count
Confidence Level (95.0%)
Mean Error of Residuals/Head Range
Residual Standard Deviation/Head Range
Absolute Residual Error/Head Range
Root Mean Squared Error/Head Range
NOTES:
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Model-wide
Statistics
-0.21
3.23

Layer 1 *
-1.13
2.56

Layer 2
0.36
2.94

Layer 3
-2.99
5.03

2.22
3.22
-12.23
8.77
36.50
107
0.61
-0.006
0.088
0.061
0.088

1.83
2.74
-7.13
1.18
9.00
21
1.10
-0.125
0.285
0.203
0.305

2.21
2.94
-7.77
8.77
27.30
77
0.66
0.013
0.108
0.081
0.108

3.25
5.60
-12.23
0.57
36.50
9
3.29
-0.082
0.138
0.089
0.154

*

Layer 1 residuals minimized in MED area.
Indicates a high level of claibration.
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Note:
cuft/d = cubic feet per day

Two Mile Creek Boundaries
Drain Boundaries
Aerial Recharge
Total In/Out
Inflow - Outflow Error
Pecent Discrepancy

Source
Constant Head Boundaries
0.1
0.0
18869.0
20146.1

0.0
0.0
93.7
0.3
0.001

3.8
2028.0
0.0
20145.8

0.0
10.1
0.0

Inflow
Outflow
Percent
Percent
(cuft/day)
(cuft/day)
1277.0
6.3
18114.0
89.9

Table 9. Volumetric Flow Balance
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109.3

-137.7
22.4
22.4
-148.4

Scenario
Calibrated Model
Hydraulic Conductivity X 0.1

Hydraulic Conductivity X 10
Recharge X 0.1
Recharge X 10
11.7
11.7
105.3

Residual Standard
Deviation (ft)
3.2

Mean Error of
Residuals (ft)
-0.2

Table 10. Groundwater Model Sensitivity Analysis

22.6
22.6
148.5

137.6

Mean Absolute Error of
Residuals (ft)
2.2
25.2
25.2
181.7

175.4

Root Mean Squared
Error of Residuals (ft)
3.2

-4.2
-4.2
-388.3

-379.1

Minimum
Residual (ft)
-12.2

41.9
150766.7
2.6

2.6

Maximum
Residual (ft)
8.8

Low
Low
High

Moderate

Sensitivity
Ranking
--
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Figure 2. Tonawanda Landfill Vicinity Property, Hydrology,
Operable Unit Boundaries, and 2010 Investigation Areas
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Figure 3. Historical 1951 Aerial Orthophotograph With 2010 Sampling Results
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Contamination Extent and Cross-section Lines

Figure 4. Contamination Extent and Cross-section Lines

Total Contaminated Volume = 1,237.2 yd3

Area C

Total Contaminated Volume = 13,376.0 yd3

Area B

Total Contaminated Volume = 401 yd3

Area A
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Figure 5. Contaminant Distribution Cross Sections A, B, C, and D
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Figure 6. Contaminant Distribution Cross Sections E, F, G, and H
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Basin

Figure 7. Phase 1 Town of Tonawanda Landfill Cap and Drainage

Phase 1 and 2 Drainage Swale and Anchor Trench

Phase 1 Drainage Outflow Area
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Figure 8. Phase 2 Town of Tonawanda Landfill Cap

Based on 2011 EnSol Designs
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Figure 9. FUSRAP-area Surface-water Drainage Pathways and Uranium Impacts To Water
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PRIMARY (black) AND SECONDARY
(gray) GROUNDWATER AND SURFACE
WATER PATHWAYS PRIOR TO CAPPING

SUFACE-WATER AND GROUNDWATER
CONCENTRATIONS ABOVE 10 UG/L

Low-level uranium concentrations in
wells south of historic waste limits are
derived from landfill seepage prior to
leachate collection system installation
after 2002 and waste consolidation for
Phase 2 closure (2011).

Figure 10. RI Groundwater Level Map and Current Uranium Plume
(After USACE 2005)

MAXIMUM SUFACE-WATER AND GROUNDWATER
CONCENTRATIONS ABOVE 30 UG/L
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Figure 11. Groundwater Mound and Discharge Conceptualization
(USACE 2005)
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Tonawanda
Landfill Site

(From: USGS Open-file Report 93-292-B,
Geologic Radon Potential of EPA Region 2, 1993)

Figure 12. Regional Physiography

New York State Physiographic Provinces
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Tonawanda
Landfill Site

(after Cadwell, 1988)

Figure 13. Regional Glacial Sediments
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Tonawanda
Landfill Site

From: Ernest H. Muller (1977), Late Glacial And Early Postglacial Environments In
Western New York, Annals of the New York Academy of Sciences 288 (1), 223–233.

Figure 14. Extent of Glacial Lake Tonawanda
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MED Area

Figure 15. Typical Cross Section of Waste Fill and Local Glacial Sediments

B

B’ (SOUTH)

B’

Key Map
and Cross
Section
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Figure 16. Top of Bedrock Elevations

Landfill

N
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Figure 17. Groundwater Level Trends in Landfill Waste Monitoring Wells

2001-2013
Average Decline = 0.47 ft

-5.7
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Figure 18. Groundwater Level Trends in Native Soil Monitoring Wells
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Figure 19. Regionally Interpolated Groundwater Elevations

April-2012 Data Basis
10-foot Contour Intervals

N
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Figure 20a. March 2012 Landfill Groundwater Elevations and Contours
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Figure 20b. April 2013 Landfill Groundwater Elevations and Contours
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Above: Eh–pH diagram and uranium speciation in present of sulfates at t =
25 °C (U=0.01 mg/L; sulfate = 0.1 mg/L). (1) UO22+; (2) U(SO4)2+; (3) U4+;
(4) UO2(SO4)0; (5) U(SO4)20; (6) UO2; (7) UO2(SO)2−; (8) UO2(OH)2H2O; (9)
U3O8; (10) U4O9.

(after Kumar et al., 2011)

Figure 21. Uranium Speciation Diagram

At Eh = 0mV, U+4 is predicted to be the dominant redox state. At Eh −200
mV, uraninite (U+4) becomes reactive and its solubility can influence the dissolved
U-concentration (i.e., dissolved U will begin to precipitate out of solution). Landfill
conditions in the source area vary from -270 to 0 mV and average landfill
groundwater pH is 8.4, thus immobile U+4 speciation is dominant.

Left: Eh–pH diagram and uranium speciation in presence of (upper) no free
Calcium (Ca+2) and (lower) calcite (free Ca+2).

Tonawanda
Tonawanda
Landfill Site
Landfill
Site
Source-area
Groundwater
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Figure 22. Combined Uranium Concentration Map for Surface Water and Groundwater
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Figure 23. Collocated Soil, Surface-water, and Groundwater Impacts
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Figure 24. Oxidation Reduction (Redox) Potential Values in
Landfill Groundwater

Geochemistry Within Area
Encompassed by Zero (0)
Redox Contour Significantly
Lowers Uranium Solubility
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Aluminum
declines in
reducing
groundwater

Aluminum
bound to soil
particles in
samples

Figure 25. Trends of Redox Indicators

Manganese
dissolves in
reducing
groundwater

Manganese
preferentially
dissolved in
groundwater

Iron increases
slightly as
dissolves in
groundwater

Iron dissolves
in reducing
groundwater
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Uranium and
Nitrate show
moderate
positive trend

Nitrate shows slight
lowering with Iron
reduction

Moderate Iron
reduction in source
area suppresses
Uranium transport

Uranium
appears limited
with reduced
Iron

Figure 26. Trends of Redox Indicators and Uranium

Alkalinity not
affected by
groundwater
reduction

Uranium
appears limited
with reduced
Manganese

Reductive levels not
affecting Sulfate

Manganese
reduction in source
area begins to limit
Uranium transport

Uranium and
Sulfate show
weak positive
trend
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Figure 27a. Total Volatile Organic Compounds (VOCs) in Soil

Note: Labels depict VOCs as CHL for Chlorinated Hydrocarbon
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Figure 27b. Total Polycyclic Aromatic Hydrocarbons (PAHs) in Soil
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Figure 28. Uranium Transport Model Source Area

Tonawanda
Landfill Site
Groundwater
Source Area
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Landfill
Layer 1

Figure 29. Groundwater Modeling Domain

Glacial
Overburden
Layer 2

Contact-zone
Aquifer
Layer 3
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Layer 1
Drainage Ditch

Figure 30. Landfill Waste Model Boundaries

NOTE: Contours Represent Observed Groundwater
Elevations and Interpolated Flow Directions

Note: Layer 2 Leachate Collection
System Underlies Southern Boundary
of Layer 1 Landfill material
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Layer 2
Two Mile Creek
As River

Layer 2
Leachate
Collection
System Drain

Figure 31. Glacial Sediment Model Boundaries

NOTE: Contours Represent Observed Groundwater
Elevations and Interpolated Flow Directions

Layer 2
Drainage Ditch

Layer 2
Cross-gradient
Specified Head
Boundary

Layer 2
Down- and
Cross-gradient
Specified Head
Boundary

Layer 2
Up-gradient
Specified Head
Boundary
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Layer 3
Down-gradient
Specified Head
Boundary

Figure 32. Contact-zone Aquifer Model Boundaries

NOTE: Contours Represent Observed Groundwater
Elevations and Interpolated Flow Directions

Layer 3
Up-gradient
Specified Head
Boundary
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0.22 ft/yr

Figure 33. Calibrated Recharge Distribution

0.10 ft/yr

0.79 ft/yr

4.7E-6 ft/yr
Capped

0.79 ft/yr

0.23 ft/yr

(NOTE: The Phase 2 Cap covers the 0.79 ft/yr area, which was assigned a value
of 4.7E-6 ft/yr in the modified baseline model.)

0.16 ft/yr

0.26 ft/yr

0.30 ft/yr

0.30 ft/yr
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Figure 34. Calibrated Hydraulic Head Distribution

Legend:
1. Monitoring Wells and Calibration Control Points are represented by black
dots.
2. Water-level variations average about 2 feet and are represented by a
1.0-ft standard deviation.
3. Green I-beam bars indicate simulated water level is ±1.0 ft observed.
4. Yellow I-beam bars indicate simulated water level is ±2.0 ft observed.
5. Red I-beam bars indicate simulated water level is >2.0 ft observed.
6. Graph indicates very little bias in calibration and excellent statistical fit.

A-88

Water Levels Decline
Approximately 3.5
Feet In MED Area
With Phases 1 and 2
Caps In Place

Note:
1. Calibrated baseline includes the current Phase 1 cap.
2. Predicted hydraulic heads under capping Phases 1 and 2 show a 3.5foot reduction in groundwater levels in MED area; red triangles
represent dry model cells derived from the groundwater declines.
3. Predicted groundwater response from an integrated capping system
(Phases 1 and 2 and UASCE cap) show an 11 foot decline in water
levels and partial drying of the MED impacted areas.

Water Levels Decline
Approximately 11 Feet
In MED Area With
Phases 1 and 2 and
USACE Caps In Place

Phases 1 and 2 Cap

Figure 35. Hydraulic Head Response to Capping Components

USACE Integrated Cap

Calibrated Baseline
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U, ug/L

1,000-year
Prediction

200-year
Prediction

Figure 36. Baseline Uranium Transport Prediction – No Action and Targeted Shallow Removal
Alternatives (Assumes Phase 1 and 2 Capping Completed)

500-year
Prediction

2013
Condition

Isolated Plume
Attenuated
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U, ug/L

Figure 37. Capping Alternative Uranium Transport Prediction

500-year
Prediction

2013
Condition

Isolated Plume
Attenuated

1,000-year
Prediction

200-year
Prediction
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U, ug/L

Plume Attenuated

Figure 38. Excavation and Off-site Disposal Prediction With An Integrated
Town Cap Over FUSRAP Area

200-year
Prediction

Post Soil
Excavation
Condition

Isolated Plume
Attenuated

395-year
Prediction

100-year
Prediction
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U, ug/L

Plume Attenuated

Figure 39. Excavation and Off-site Disposal Prediction With No Integrated
Town Cap Over FUSRAP Area

70-year
Prediction

Post Soil
Excavation
Condition

Isolated Plume
Attenuated

110-year
Prediction

30-year
Prediction
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Plume Generally
Unaffected
By Short-term
Groundwater
Removal During
Remedial
Excavation

U, ug/L

30-day
Prediction

Post Soil
Excavation
Condition

Plume Attenuated

Figure 40. Excavation and Off-site Disposal Prediction – Remedial Excavation
Dewatering and Integrated Town Capping

Remedial
Excavations
Dewatered Using
Specified Head
Boundaries

395-year
Prediction

14-day
Prediction
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Discharge at End
of Swale Varies
From 14.6 to
42.7 ug/L

Current Plume
Discharges Up To
252 ug/L of U to
Drainage Swale

Initial Plume
Removed
Within FS Soil
Excavation
Areas

B

C

5-year
Predicted
Condition

A

Figure 41. Groundwater Discharge Risk After Removal Alternative

Key:
A. Alternative 1:
i.
Groundwater only discharges to the swale west of this point at 5.5 gallons per minute (gpm) in reaction to a fourfoot groundwater level decline derived from the Phases 1 and 2 caps.
ii.
The average uranium concentration in this baseflow declines below the ecological screening criteria of 15 ug/L
within 15 years.
B. Alternative 2:
i.
Groundwater discharges to the swale west of this point at 0.4 gallons per minute (gpm) in reaction to the elevenfoot groundwater level decline derived from the integrated USACE and Phases 1 and 2 caps.
ii.
The average uranium concentration in this baseflow declines below the ecological screening criteria of 15 ug/L
within 20 years.
C. Alternative 3:
i.
Groundwater discharges to the swale are the same as Alternatives 1 and 2, as per the capping conditions.
ii.
The average uranium concentration in the baseflow declines below the ecological screening criteria of 15 ug/L
within 15 years if the excavation area is not subsequently capped and 20 years if capped (similar to Alternatives 1
and 2). This is due to the residual groundwater contamination remaining after soils excavation.

U, ug/L
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Uranium Kd = 0 mL/g
1,000-year Prediction

Layer 3 Plume
Migrating
Northward

U, ug/L

Uranium Kd = 120 mL/g
1,000-year Prediction

Uranium Kd = 12 mL/g
1,000-year Prediction

Figure 42. Baseline Plume Extents Derived From Varying Uranium Kd Values

Nearly Collocated
Layers 1 and 2
Plumes Captured
by Leachate
Collection System

2013
Condition

Isolated Plume
Attenuated
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Appendix B:
Applicable or Relevant and Appropriate Requirements
for the Landfill Operable Unit

[This page is intentionally left blank]
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ACRONYMS, ABBREVIATIONS AND UNITS OF MEASURE
ALARA
ARAR
CAA
CERCLA
CFR
Ci
cm
FS
ft
FUSRAP
HAP
kg
LLRW
m
m2
mrem/yr
NCP
NESHAP
NRC
NYCRR
NYSDEC
OSWER
OU
pCi/ft2/sec
pCi/g
pCi/m2/sec
RCRA
RI
ROD
TBC
TEDE
TNT
TRU
UMTRCA
USACE
USDOE
USEPA

As Low As Reasonably Achievable
Applicable or Relevant and Appropriate Requirement
Clean Air Act
Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations
curie
centimeter
Feasibility Study
feet
Formerly Utilized Sites Remedial Action Program
Hazardous Air Pollutant
kilogram
Low-Level Radioactive Waste
meter
square meter
millirem per year
National Contingency Plan
National Emissions Standards for Hazardous Air Pollutants
Nuclear Regulatory Commission
New York Codes, Rules and Regulations
New York State Department of Environmental Conservation
Office of Solid Waste and Emergency Response
Operable Unit
picocuries per square feet per second
picocuries per gram
picocuries per square meter per second
Resource Conservation and Recovery Act
Remedial Investigation
Record of Decision
To Be Considered
Total Effective Dose Equivalent
trinitrotoluene
transuranic
Uranium Mill Tailings Radiation Control Act
United States Army Corps of Engineers
United States Department of Energy
United States Environmental Protection Agency
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1.0 INTRODUCTION AND BACKGROUND
In 1997, Congress designated the United States Army Corps of Engineers (USACE) as the lead
federal agency for implementing the Formerly Utilized Sites Remedial Action Program
(FUSRAP) according to protocols set forth in the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), applying the standard criteria set forth in the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP). The U.S.
Department of Energy (USDOE) designated the Tonawanda Landfill Vicinity Property for
inclusion in the FUSRAP, and the USACE-Buffalo District is the lead District for USACE
responsible for conducting a remedial investigation/feasibility study (RI/FS) at the site pursuant
to CERCLA and the NCP.
The Tonawanda Landfill Vicinity Property to the Linde FUSRAP Site is located in the Town of
Tonawanda, New York, approximately 16 kilometers (km) [10 miles (mi)] north of downtown
Buffalo and 2.4 km (1.5 mi) north of the Linde FUSRAP Site. The Tonawanda Landfill Vicinity
Property is comprised of two operable units (OUs): The Landfill OU and the Mudflats OU. This
FS focuses on development and analysis of remedial action alternatives for the Landfill OU.
The Landfill OU is comprised of approximately 55 acres located at the northern end of East Park
Drive, and is bordered by residential developments to the north and northwest, a railroad line to
the east, and an easement owned by National Grid to the south. The Landfill OU is owned by the
Town of Tonawanda and is zoned commercial/industrial. The residential development to the
north and northwest of the Landfill OU lies within the City of Tonawanda.
CERCLA activities at the Tonawanda Landfill Vicinity Property have transitioned from the site
RI activities to the FS evaluation of potential remediation alternatives for the second of two
separate operable units (OUs), the Landfill OU. The remaining OU was the Mudflats OU. The
NCP (Title 40 Code of Federal Regulations [CFR] Section 300.430[a][ii][A]) states that sites
should generally be remediated in OUs when phased analysis is necessary given the size or
complexity of a site.
The purpose of this appendix is to identify potential Applicable or Relevant and Appropriate
Requirements (ARARs) for the Landfill OU.
CERCLA Section 121 (d) “Degree of cleanup” directs that any remedial action selected shall
attain a degree of cleanup of hazardous substances, pollutants and contaminants released into the
environment, or control of further release, that at a minimum assures the protection of human
health and the environment. Such remedial actions shall also be relevant and appropriate under
the circumstances presented by the release or threatened release of such substance, pollutant or
contaminant. With respect to any hazardous substance, pollutant or contaminant that will remain
onsite the remedy selected shall attain a standard, requirement, criteria or limitation under any
federal environmental law or any promulgated standard, requirement, criteria, or limitation under
a state environmental or facility siting law that is more stringent than the federal standard, and
has been identified by the state in a timely manner, which is legally applicable to the hazardous
substance or pollutant or contaminant concerned or is relevant and appropriate under the
circumstances of the release or threatened release of such hazardous substance or pollutant or
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contaminant. The statute puts the emphasis on the degree of cleanup, or in other words, how
clean is clean enough if a hazardous substance, pollutant or contaminant remains at the site.
The United States Environmental Protection Agency (USEPA) articulated its interpretation of
this section of CERCLA in the NCP and defined these standards as ARARs at 40 CFR 300.5.
Applicable requirements means those cleanup standards, standards of control, and other
substantive requirements, criteria, or limitations promulgated under federal environmental or
state environmental or facility siting laws that specifically address a hazardous substance,
pollutant, contaminant, remedial action, location, or other circumstance found at a CERCLA site.
Only those state standards that are identified by a state in a timely manner and that are more
stringent than federal requirements may be applicable. Relevant and appropriate requirements
means those cleanup standards, standards of control, and other substantive requirements, criteria,
or limitations promulgated under federal environmental or state environmental or facility siting
laws that, while not ‘‘applicable’’ to a hazardous substance, pollutant, contaminant, remedial
action, location, or other circumstance at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that their use is well suited to the
particular site. Only those state standards that are identified in a timely manner and are more
stringent than federal requirements may be relevant and appropriate.
1.1 History of the Landfill OU
The municipal landfill was operated by the Town of Tonawanda from the mid-1930s through
October 1989. In the early 1900s a clay quarry was located in the western portion of the landfill
property and reportedly abandoned at a depth of 18 meters (m) [60 feet (ft)], when water was
encountered. Wastes disposed in the landfill included ash generated by nearby incinerators,
construction/demolition debris, and yard refuse (leaves, branches, etc.) collected from Town
residents. The landfill occasionally accepted municipal solid waste and wastewater sludge from
the Town of Tonawanda’s wastewater treatment plant, when the incinerators were temporarily
inoperable. The incinerators were operated by the Town of Tonawanda from the 1940s to 1980s,
and demolished in 2002.
Although neither the Mudflats nor Town of Tonawanda municipal landfill were known to be
directly involved in past MED/AEC-related activities, the DOE designated the properties both
together as the Tonawanda Landfill Vicinity Property, based on the results of a radiological
survey which detected elevated levels of FUSRAP-related radionuclides in site soils.
In 2007, the Town of Tonawanda began the process of closing the municipal landfill in
accordance with the current Title 6 of the New York Code of Rules and Regulations (NYCRR)
Part 360. This action is being undertaken by the Town of Tonawanda, with regulatory oversight
from the New York State Department of Environmental Conservation (NYSDEC).
The Town of Tonawanda installed a cap over the 25-acre eastern portion of the solid waste
municipal landfill in 2011. In 2013, the Town of Tonawanda began constructing the final cap
over the western portion of the solid waste municipal landfill. The Phase 1 (eastern portion) cap
is outside the area of the landfill impacted by FUSRAP-related material being addressed in this
FS Report, while the planned Phase 2 cap appears to slightly overlap the modeled extent of the
area impacted by FUSRAP-related material.
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1.2 Extent of FUSRAP Contamination in Soils
Several soil investigation efforts were conducted by the DOE and USACE from 1991 through
2011, to identify the presence and determine the extent of FUSRAP constituents of concern
(COCs) in site soils. These investigations included gamma walkover surveys to directly measure
the radioactivity of surface soils, and the collection and analysis of soil samples, both from the
site ground surface and from subsurface borings. Soil sampling included collection of both
systematic samples, collected from a pre-defined grid of locations, and biased samples, collected
to investigate specific features of interest; e.g., areas with elevated gamma walkover survey
readings, or around other soil boring locations with samples that exhibited elevated levels of
FUSRAP COCs.
The various FUSRAP soil sampling efforts identified soils in the Landfill OU containing
elevated levels of the FUSRAP COCs radium-226 (Ra-226), thorium-230 (Th-230) and total
uranium (i.e., uranium-234 [U-234], uranium-235 [U-235], and uranium-238 [U-238]).
Maximum detected concentrations included 3,485 picocuries per gram (pCi/g) for Ra-226, 4,300
pCi/g for Th-230, and 2,048 pCi/g for U-238. Soils with elevated FUSRAP COCs were generally
confined to an area in the northwestern portion of the Landfill OU, near the center of and roughly
paralleling the northwestern fence line separating the Landfill OU from the adjacent residential
properties. The highest detected levels were generally detected 2 ft or more below ground
surface (bgs), with elevated levels detected as deep as 25 ft bgs.
In 2012 USACE completed an Updated Baseline Risk Assessment, which identified these
radionuclides as contributing unacceptable risk to the potential future trespasser/recreational user
receptor in the Landfill OU (USACE 2012). The Updated Baseline Risk Assessment concluded
that for the current use of the Landfill OU, as it is currently configured, the risks to human health
from potential exposures to FUSRAP-related material in site soils are within the acceptable
limits established in the NCP. However, if the surface soil covering the FUSRAP-related
material is not maintained and allowed to erode over time, the exposed material will produce an
unacceptable risk to trespassers or other future users of the Landfill OU within the 1,000-year
evaluation period. Therefore, soil is a medium of concern for the Landfill OU of the Tonawanda
Landfill Vicinity Property that will be addressed under this FS.
For human health exposures to FUSRAP-related COCs in soil, Ra-226 and Th-230 are the most
significant contributors to overall risk and radiological dose. Uranium is also present in soil;
however, for direct exposure to soil, uranium only contributes between 1 and 10% of total risk or
radiological dose for the trespasser/recreational user receptor. Though Ra-226 and Th-230 are
the risk and dose drivers, all of the FUSRAP-related radionuclide COCs are collocated in site
soils and will be captured by the remedial alternatives.
1.3 Regulatory Background of the Landfill OU Contents
The majority of the FUSRAP-related COCs located in the Landfill OU consists of the residues
and material that the residues mixed with (e.g., contaminated soil). The residues are similar to
the waste generated by the processing of uranium ore and are commonly known as uranium mill
tailings.
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The FUSRAP-related COCs found in the Landfill OU (i.e. radium, uranium, and thorium) are
similar in nature to tailings or wastes produced by the extraction of source material from ores
primarily for their source content (i.e. uranium processing activities) and were generated before
the Atomic Energy Act of 1954 was modified in 1978, known as the Uranium Mill Tailing
Radiation Control Act (UMTRCA), to authorize regulation of active uranium processing sites by
the NRC and remediation of inactive processing sites containing tailings or residual radioactive
material by the USDOE. The FUSRAP-related COCs in the Landfill OU were excluded from
regulation because the OU is not a Title I site designated under Section 102(a)(1) of UMTRCA.
Pursuant to UMTRCA the USEPA was directed to develop “standards of general
application…for the protection of the public health, safety, and the environment from
radiological and non-radiological hazards associated with (uranium mill tailings)” for both the
active and inactive processing sites. Concurrently, USDOE was authorized to remediate uranium
mill tailings associated with past operations, commonly referred to as UMTRCA Title I sites, and
the NRC was given the responsibility to regulate all existing and future uranium milling
operations (Title II sites). The FUSRAP-related COCs were not explicitly addressed by the Act.
Congressional action with respect to NRC regulation of uranium mill tailings did not authorize
regulation of mill tailings generated prior to the enactment of legislation in 1978; therefore, NRC
licensing requirements do not apply and NRC regulations are not legally applicable.
1.4 Remedial Action Objectives
A remedial action objective (RAO) is a specific goal that remedial alternatives must fulfill to be
protective of human health and the environment. RAOs provide the basis for selecting remedial
technologies and developing and evaluating remedial alternatives.
The RAO for the Landfill OU is to prevent human exposure to FUSRAP-related COCs in soil
above ARAR-based preliminary remediation goals (PRGs).
1.5 Remedial Alternatives for the Landfill OU
The USACE identified four remedial action alternatives for detailed analysis to address
FUSRAP-related COCs at the Landfill OU.
Alternative 1: No Action, is considered in the detailed analysis in accordance with NCP
requirements [40 CFR Part 300.430(e) (6)] as a baseline against which other alternatives are
compared. Under this alternative no remedial actions would be undertaken, and it is assumed that
all basic site maintenance and environmental monitoring activities would be discontinued.
Under Alternative 2: Single-layer Capping of FUSRAP-related Material, the impacted soil with
FUSRAP COCs exceeding PRGs, outside of the bounds of the capped portions of the Town of
Tonawanda municipal landfill, would be capped by the USACE using a single-layer cap. Landuse controls, including prohibitions on excavation and building construction, would be utilized.
This alternative includes a 1,000-year post-closure monitoring and maintenance program, which
includes five-year reviews.
Alternative 3: Targeted Shallow Removal and Off-site Disposal of FUSRAP-related Material,
consists of the removal of impacted soil with FUSRAP COCs exceeding PRGs within the first 5
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feet below ground surface only, and transportation off site for disposal in a facility permitted to
receive such materials. Removal areas would be backfilled and restored to their current existing
grade. Land-use controls, including prohibitions on excavation and building construction, would
be utilized. This alternative includes a 1,000-year post-closure monitoring program, which
includes five-year reviews.
Alternative 4: Deep Excavation and Off-site Disposal of FUSRAP-related Material, consists of
the excavation of impacted soil with FUSRAP COCs exceeding PRGs and transportation off site
for disposal in a facility permitted to receive such materials. Excavated overburden and cutback
soils that don’t exceed PRGs would be set aside for reuse as backfill in the excavated areas.
Excavated areas would be backfilled and restored to their current existing grade.
1.6 Appendix Organization and Content
This appendix is composed of the following sections:






Section 1.0 describes the history and contents of the Landfill OU, regulatory designation
of the residues, and risks posed by the Landfill OU, as well as remedial action objectives
and remedial alternatives for the Landfill OU.
Section 2.0 presents an overview of the process for identifying ARARs, per CERCLA;
Section 3.0 discusses the ARARs identified for the Landfill OU.
Section 4.0 discusses the regulations that were determined not to be ARARs.
Section 5.0 lists all of the references cited within this appendix.
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2.0 PROCESS FOR IDENTIFYING ARARS
This section describes the general process used to identify and evaluate ARARs. It presents a
brief overview of how ARARs support the CERCLA remedy selection process and describes the
factors that must be considered during development of ARARs.
ARARs are developed in accordance with the process set forth in the NCP [Subpart E,
Section 300.400(g)]. ARARs are identified in the RI, refined and developed during the FS,
limited during the stage of the CERCLA remedy selection process, and finalized in the ROD.
When identifying ARARs, CERCLA Section 121 (d) “Degree of cleanup” directs that any
remedial action selected shall attain a degree of cleanup of hazardous substances, pollutants and
contaminants released into the environment, or control of further release, that at a minimum
assures the protection of human health and the environment.
Regulatory language interpreting and implementing the statutory directive within the NCP
[40 CFR 300.400(g)], provides that the lead agency (USACE) and support agencies (e.g., New
York State Department of Environmental Conservation [NYSDEC]) shall identify applicable
requirements. These requirements shall be based upon an objective determination of whether the
requirement specifically addresses a hazardous substance, pollutant, contaminant, remedial
action, location, or other circumstance found at a CERCLA site. If it is determined that a
requirement is not applicable to a specific release, the requirement may still be relevant and
appropriate to the circumstances of the release. As will be discussed below, that determination is
made in accordance with 40 CFR 300.400(g)(2). Under 40 CFR 300.430(e), USACE has the
ultimate responsibility to identify what requirements are ARARs for potential remedial
alternatives.
The general process to develop ARARs for the Landfill OU begins with a review of the specific
language used to describe the concept of ARARs in Section 121(d) of CERCLA and the NCP
provisions in 40 CFR § 300.5. To be considered an ARAR, a requirement must consist of a
“standard, requirement, criteria, or limitation” that has been formally promulgated as a statute or
regulation under a federal environmental law, or a state environmental or facility siting law
[CERCLA § 121(d)(2)(A)]. Thus, non-promulgated requirements are not ARARs. In addition,
Section 121(d)(2)(A) of CERCLA states that ARARs apply “with respect to any hazardous
substance, pollutant or contaminant that will remain onsite.” Regulations that relate to activities
associated with the implementation of a remedial action, such as United States Department of
Transportation requirements governing the shipment of radioactive waste and Occupational
Safety and Health Act requirements that address worker health and safety are considered
technical requirements that would be complied with during execution of the remedial action but
are not related to the degree of cleanup and therefore not ARARs.
Only the substantive requirements within a regulation can be considered an ARAR;
administrative and procedural requirements do not qualify. In accordance with the NCP, disposal
actions need to comply only with substantive requirements (55 FR 8758, March 8, 1990).
Examples of administrative/procedural requirements include administrative approvals,
inspections, permits, consultations, definitions, and reporting requirements.
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Administrative/procedural requirements also include methodologies or procedures applicable
only to the regulatory agency.
The next step in identifying ARARs is to determine whether a requirement is legally applicable.
Applicable requirements are those cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance found at a CERCLA site. Only
those state standards identified in a timely manner and that are more stringent than federal
requirements may be applicable [CERCLA (§ 121(d)) and NCP (40 CFR 300.5)]. A requirement
is applicable if all of the jurisdictional prerequisites of the law or rule are satisfied. These
jurisdictional prerequisites are:





Specified by the statute or regulation and subject to the authority of such statute or
regulation;
The types of substances or activities listed as falling under the authority of the statute or
regulation;
The time period for which the statute or regulation is in effect; and
The type of activities the statute or regulation requires, limits, or prohibits.

If it is determined that a requirement is not legally applicable to a specific release, the
requirement may instead be relevant and appropriate to the circumstances of the release.
Determining whether a rule is relevant and appropriate is a two-step process that involves
determining whether the rule is relevant, and, if so, whether it is also appropriate. A requirement
is relevant if it addresses problems or situations sufficiently similar to the circumstances of the
remedial action contemplated. It is appropriate if its use is well suited to the site.
In evaluating relevance and appropriateness, the factors listed below [from
40 CFR 300.400(g)(2)] are examined, where pertinent, to determine whether a requirement
addresses problems or situations sufficiently similar to the circumstances of the release or
remedial action contemplated, and whether its use is well suited to the site, and therefore is both
relevant and appropriate.
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

The purpose of the requirement and the purpose of the CERCLA action.
The medium regulated or affected by the requirement and the medium contaminated or
affected at the CERCLA site.
The substances regulated by the requirement and the substances found at the CERCLA
site.
The actions or activities regulated by the requirement and the remedial action
contemplated at the CERCLA site.
Any variances, waivers, or exemptions of the requirement and their availability for the
circumstances at the CERCLA site.
The type of place regulated and the type of place affected by the release or CERCLA
action.
The type and size of structure or facility regulated and the type and size of structure or
facility affected by the release or contemplated by the CERCLA action.
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(viii)

Any consideration of use or potential use of affected resources in the requirement and the
use or potential use of the affected resource at the CERCLA site.

A determination of relevance and appropriateness may be applied to only portions of a
requirement, so that only parts of a requirement need be met for compliance, whereas a
determination of applicability is made for the requirement as a whole, so that the entire
requirement must be met for compliance.
In addition to ARARs, USACE and support agencies may identify other advisories, criteria, or
guidance “to be considered” (TBC) for a particular release. The TBC category consists of
advisories, criteria, or guidance that were developed by USEPA, other federal agencies, or states
that may be useful in developing CERCLA remedies. TBCs will be considered as guidance or
justification for a standard used in the remediation if no other standard is available for a situation
to help determine the necessary level of cleanup for protection of health or the environment. This
may occur if no ARAR is available for a particular constituent of concern, or if there are multiple
constituents of concern and/or pathways not considered when establishing the standards in the
ARAR.
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3.0 EVALUATION OF ARARS
The regulation presented in this section is 10 CFR 40 Appendix A, which has been inserted
directly from the published regulation found at
http://www.gpo.gov/fdsys/browse/collectionCfr.action, i.e., it has not been altered in any way,
although tables associated within the published regulations were not included in the text of this
appendix due to their length. Each section is evaluated in detail to determine if it meets the
definition of an ARAR, and if so, whether it is applicable or relevant and appropriate.
The regulation, and its specific sections, identified as ARARs include:


10 CFR 40, Appendix A: Criteria Relating to the Operation of Uranium Mills and the
Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source
Material From Ores Processed Primarily for Their Source Material Content
o Criterion 4, Site and Design Criteria
o Criterion 6(1), 6(5), 6(6), and 6(7), Closure of Waste Disposal Areas
o Criterion 12, Long-term Site Surveillance;

A general discussion of several other regulations that did not meet the criteria to qualify as
ARARs is presented in Section 4.0 of this document and includes:















40 CFR 192: Health and Environmental Protection Standards for Uranium and Thorium
Mill Tailings, Subparts A and B
40 CFR 61: National Emissions Standards for Hazardous Air Pollutants
o Subpart H - National Emission Standards for Emissions of Radionuclides other
than Radon from Department of Energy Facilities;
o Subpart I - National Emission Standards for Radionuclide Emissions from Federal
Facilities other than NRC Licensees and Not Covered by Subpart H;
o Subpart Q - National Emission Standards for Radon from Department of Energy
Facilities.
10 CFR 20, Subpart E: Radiological Criteria for License Termination
10 CFR 61: Licensing Requirements for Land Disposal of Radioactive Waste
6 NYCRR Part 360: Solid Waste Management Facility Regulations
6 NYCRR Part 370: Hazardous waste Management System: General
6 NYCRR Part 371: Identification and Listing of Hazardous Waste
6 NYCRR Part 372: Hazardous Waste Manifest System and Related Standards for
Generators, Transporters, and Facilities
6 NYCRR Subpart 373-1: Hazardous Waste Treatment, Storage, and Disposal Facility
Permitting Requirements
6 NYCRR Subpart 373-2: Final Status Standards for Owners and Operators of Hazardous
Waste Facilities
6 NYCRR Subpart 373-3: Interim Status Standards for Owners and Operators of
Hazardous Waste Facilities
6 NYCRR Part 375: Inactive Hazardous Waste Disposal Site Remedial Program
6 NYCRR Part 376: Land Disposal Restrictions
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6 NYCRR Part 380: Prevention and Control of Environmental Pollution by Radioactive
Materials

3.1 10 CFR 40, Appendix A: Criteria Relating to the Operation of Uranium Mills and the
Disposition of Tailings or Wastes Produced by the Extraction or Concentration of
Source Material from Ores Processed Primarily for Their Source Material Content
Under the UMTRCA, the USEPA was directed to develop “standards of general application…for
the protection of the public health, safety, and the environment from radiological and
nonradiological hazards associated with (uranium mill tailings)” for both the active and inactive
processing sites (42 U.S.C. § 2022 and 772 F.2d 617). By contrast, UMTRCA charged the NRC
to ensure that the management of any byproduct material at “active sites” (i.e., sites currently
under NRC license and sites licensed in the future) conforms with the applicable general
standards promulgated by USEPA under 42 U.S.C § 4200. In response to UMTRCA, NRC
initially promulgated Appendix A of 10 CFR 40 on October 3, 1980, almost 3 years prior to
USEPA’s promulgation of 40 CFR 192 on September 30, 1983. Given this timeline, on
November 26, 1984, the NRC published a notice of proposed rulemaking to conform the
Appendix A criteria to the USEPA standards, resulting in promulgated amendments to the
Appendix A criteria on October 16, 1985.
The NRC subsequently implemented rulemaking to use the existing UMTRCA radium soil
standard “to derive a dose criterion (benchmark approach) for the cleanup of byproduct material
other than radium in soil and for the cleanup of surface activity on structures to be released for
unrestricted use. This final rule was intended to provide a clear and consistent regulatory basis
for determining the extent to which lands and structure can be considered to be
decommissioned.” The dose criterion associated with this regulation allows for other
radionuclides present at the site (besides radium) to be accounted for (i.e., uranium, thorium,
cesium, etc.) since the criterion is based upon the established benchmark dose. This rulemaking
resulted in a final rule on April 12, 1999 (64 FR 17506).
As explained in Section 1.3, the uranium ore mill tailings or residues in the Landfill OU are not
licensed by the NRC. Since the requirements of 10 CFR 40, Appendix A apply to licensed
facilities only and the Landfill OU is not licensed, they are not applicable to the OU; however,
they are further evaluated to determine whether they are relevant and appropriate.
The 13 criteria in 10 CFR 40 Appendix A are presented in their entirety and evaluated in the
following sections. Some of these criteria are administrative or procedural or otherwise do not
meet the definition of an ARAR. If the criteria are identified as substantive, they are further
evaluated to determine if they are relevant and appropriate. The detailed relevant and appropriate
analysis [i.e., evaluation against the eight factors in 40 CFR 300.400(g)(2)] of all 10 CFR 40
Appendix A criteria are presented on Table 1.
3.1.1
3.1.1.1

10 CFR 40, Appendix A: Criterion 1, Site Features
Published Regulation

The general goal or broad objective in siting and design decisions is permanent isolation of
tailings and associated contaminants by minimizing disturbance and dispersion by natural forces,
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and to do so without ongoing maintenance. For practical reasons, specific siting decisions and
design standards must involve finite times (e.g., the longevity design standard in Criterion 6).
The following site features which will contribute to such a goal or objective must be considered
in selecting among alternative tailings disposal sites or judging the adequacy of existing tailings
sites:
Remoteness from populated areas;
Hydrologic and other natural conditions as they contribute to continued immobilization and
isolation of contaminants from ground-water sources; and
Potential for minimizing erosion, disturbance, and dispersion by natural forces over the long
term.
The site selection process must be an optimization to the maximum extent reasonably achievable
in terms of these features.
In the selection of disposal sites, primary emphasis must be given to isolation of tailings or
wastes, a matter having long-term impacts, as opposed to consideration only of short-term
convenience or benefits, such as minimization of transportation or land acquisition costs. While
isolation of tailings will be a function of both site and engineering design, overriding
consideration must be given to siting features given the long-term nature of the tailings hazards.
Tailings should be disposed of in a manner that no active maintenance is required to preserve
conditions of the site.
3.1.1.2

Evaluation and Conclusion

Criterion 1 states the general goal or broad objective in siting and design decisions is permanent
isolation of tailings and associated contaminants by minimizing disturbance and dispersion by
natural forces, and to do so without dependence on ongoing maintenance. It specifies site
features that will help achieve this objective.
Criterion 1 is relevant for the Landfill OU since it deals with the disposal of uranium mill
tailings; however, criterion 1 addresses the siting and design of a new waste disposal facility that
is not appropriate for the Landfill OU as this was not a considered alternative. Therefore,
Criterion 1 is not an ARAR.
3.1.2
3.1.2.1

10 CFR 40, Appendix A: Criterion 2, Off-Site Disposal of Byproduct Material
Published Regulation

To avoid proliferation of small waste disposal sites and thereby reduce perpetual surveillance
obligations, byproduct material from in situ extraction operations, such as residues from solution
evaporation or contaminated control processes, and wastes from small remote above ground
extraction operations must be disposed of at existing large mill tailings disposal sites; unless,
considering the nature of the wastes, such as their volume and specific activity, and the costs and
environmental impacts of transporting the wastes to a large disposal site, such offsite disposal is
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demonstrated to be impracticable or the advantages of onsite burial clearly outweigh the benefits
of reducing the perpetual surveillance obligations.
3.1.2.2

Evaluation and Conclusion

Upon closure, legal title to lands on which 11e.(2) disposal cells are located are transferred to the
Government of the United States or to a state for perpetual maintenance. To minimize the cost
and potential risks associated with perpetual maintenance, this criterion requires preferential use
of existing large mill tailings disposal sites unless such use is impracticable, or the advantages of
on-site burial clearly outweigh the benefits associated with avoiding perpetual surveillance
obligations.
Criterion 2 is relevant for the Landfill OU since it deals with the disposal of uranium mill
tailings; however, the criterion does not address circumstances sufficiently similar to the Landfill
OU where disposal has already taken place. Therefore, Criterion 2 is not an ARAR.
3.1.3
3.1.3.1

10 CFR 40, Appendix A: Criterion 3, Disposal Mode
Published Regulation

The “prime option” for disposal of tailings is placement below grade, either in mines or specially
excavated pits (that is, where the need for any specially constructed retention structure is
eliminated). The evaluation of alternative sites and disposal methods performed by mill operators
in support of their proposed tailings disposal program (provided in applicants’ environmental
reports) must reflect serious consideration of this disposal mode. In some instances, below grade
disposal may not be the most environmentally sound approach, such as might be the case if a
ground-water formation is relatively close to the surface or not very well isolated by overlying
soils and rock. Also, geologic and topographic conditions might make full below grade burial
impracticable: For example, bedrock may be sufficiently near the surface that blasting would be
required to excavate a disposal pit at excessive cost, and more suitable alternative sites are not
available. Where full below grade burial is not practicable, the size of retention structures, and
size and steepness of slopes associated exposed embankments must be minimized by excavation
to the maximum extent reasonably achievable or appropriate given the geologic and hydrologic
conditions at a site. In these cases, it must be demonstrated that an above grade disposal program
will provide reasonably equivalent isolation of the tailings from natural erosional forces.
3.1.3.2

Evaluation and Conclusion

Criterion 3 states that the prime option for disposal is placement below grade. Where
below-grade disposal is not practicable, it must be demonstrated that above-grade disposal will
provide reasonably equivalent isolation of the tailings from natural erosion forces.
Criterion 3 addresses the design of a new waste disposal facility that is relevant but not
appropriate as the criterion does not address circumstances sufficiently similar to the Landfill
OU where disposal has already taken place. Therefore, Criterion 3 is not an ARAR.
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3.1.4
3.1.4.1

10 CFR 40, Appendix A: Criterion 4, Site and Design Criteria
Published Regulation

The following site and design criteria must be adhered to whether tailings or wastes are disposed
of above or below grade.
(a) Upstream rainfall catchment areas must be minimized to decrease erosion potential and
the size of the floods which could erode or wash out sections of the tailings disposal area.
(b) Topographic features should provide good wind protection.
(c) Embankment and cover slopes must be relatively flat after final stabilization to minimize
erosion potential and to provide conservative factors of safety assuring long-term
stability. The broad objective should be to contour final slopes to grades which are as
close as possible to those which would be provided if tailings were disposed of below
grade; this could, for example, lead to slopes of about 10 horizontal to 1 vertical (10h:1v)
or less steep. In general, slopes should not be steeper than about 5h:1v. Where steeper
slopes are proposed, reasons why a slope less steep than 5h:1v would be impracticable
should be provided, and compensating factors and conditions which make such slopes
acceptable should be identified.
(d) A full self-sustaining vegetative cover must be established or rock cover employed to
reduce wind and water erosion to negligible levels.
Where a full vegetative cover is not likely to be self-sustaining due to climatic or other
conditions, such as in semi-arid and arid regions, rock cover must be employed on slopes
of the impoundment system. The NRC will consider relaxing this requirement for
extremely gentle slopes such as those which may exist on the top of the pile. The
following factors must be considered in establishing the final rock cover design to avoid
displacement of rock particles by human and animal traffic or by natural process, and to
preclude undercutting and piping:
Shape, size, composition, and gradation of rock particles (excepting bedding material
average particles size must be at least cobble size or greater);
Rock cover thickness and zoning of particles by size; and
Steepness of underlying slopes.
Individual rock fragments must be dense, sound, and resistant to abrasion, and must be
free from cracks, seams, and other defects that would tend to unduly increase their
destruction by water and frost actions. Weak, friable, or laminated aggregate may not be
used.
Rock covering of slopes may be unnecessary where top covers are very thick (or less);
bulk cover materials have inherently favorable erosion resistance characteristics; and,
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there is negligible drainage catchment area upstream of the pile and good wind protection
as described in points (a) and (b) of this Criterion.
Furthermore, all impoundment surfaces must be contoured to avoid areas of concentrated
surface runoff or abrupt or sharp changes in slope gradient. In addition to rock cover on
slopes, areas toward which surface runoff might be directed must be well protected with
substantial rock cover (rip rap). In addition to providing for stability of the impoundment
system itself, overall stability, erosion potential, and geomorphology of surrounding
terrain must be evaluated to assure that there are not ongoing or potential processes, such
as gully erosion, which would lead to impoundment instability.
(e) The impoundment may not be located near a capable fault that could cause a maximum
credible earthquake larger than that which the impoundment could reasonably be
expected to withstand. As used in this criterion, the term ‘‘capable fault’’ has the same
meaning as defined in section III(g) of appendix A of 10 CFR part 100. The term
‘‘maximum credible earthquake’’ means that earthquake which would cause the
maximum vibratory ground motion based upon an evaluation of earthquake potential
considering the regional and local geology and seismology and specific characteristics of
local subsurface material.
(f) The impoundment, where feasible, should be designed to incorporate features which will
promote deposition. For example, design features which promote deposition of sediment
suspended in any runoff which flows into the impoundment area might be utilized; the
object of such a design feature would be to enhance the thickness of cover over time.
3.1.4.2

Evaluation and Conclusion

Sections (a), (b), (e) and (f) of criterion 4 provide disposal site design and construction criteria
including wind and water erosion controls and siting of disposal facilities to promote deposition
and avoid earthquake faults that are relevant but not appropriate for the Landfill OU, since it is
not a new disposal facility. However, sections (c) and (d) of this criterion specify requirements
for the disposal facility cover that would be appropriate for any alternative that involves
construction of a cap.
3.1.5
3.1.5.1

10 CFR 40, Appendix A: Criterion 5, Groundwater Protection Standards
Published Regulation

5A(1)—The primary ground-water protection standard is a design standard for surface
impoundments used to manage uranium and thorium byproduct material. Unless exempted under
paragraph 5A(3) of this criterion, surface impoundments (except for an existing portion) must
have a liner that is designed, constructed, and installed to prevent any migration of wastes out of
the impoundment to the adjacent subsurface soil, ground water, or surface water at any time
during the active life (including the closure period) of the impoundment. The liner may be
constructed of materials that may allow wastes to migrate into the liner (but not into the adjacent
subsurface soil, ground water, or surface water) during the active life of the facility, provided
that impoundment closure includes removal or decontamination of all waste residues,
contaminated containment system components (liners, etc.), contaminated subsoils, and
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structures and equipment contaminated with waste and leachate. For impoundments that will be
closed with the liner material left in place, the liner must be constructed of materials that can
prevent wastes from migrating into the liner during the active life of the facility.
5A(2)—The liner required by paragraph 5A(1) above must be—
(a) Constructed of materials that have appropriate chemical properties and sufficient strength
and thickness to prevent failure due to pressure gradients (including static head and
external hydrogeologic forces), physical contact with the waste or leachate to which they
are exposed, climatic conditions, the stress of installation, and the stress of daily
operation;
(b) Placed upon a foundation or base capable of providing support to the liner and resistance
to pressure gradients above and below the liner to prevent failure of the liner due to
settlement, compression, or uplift; and
(c) Installed to cover all surrounding earth likely to be in contact with the wastes or leachate.
5A(3)—The applicant or licensee will be exempted from the requirements of paragraph 5A(1) of
this criterion if the Commission finds, based on a demonstration by the applicant or licensee, that
alternate design and operating practices, including the closure plan, together with site
characteristics will prevent the migration of any hazardous constituents into ground water or
surface water at any future time. In deciding whether to grant an exemption, the Commission
will consider—
(a) The nature and quantity of the wastes;
(b) The proposed alternate design and operation;
(c) The hydrogeologic setting of the facility, including the attenuative capacity and thickness
of the liners and soils present between the impoundment and ground water or surface
water; and
(d) All other factors which would influence the quality and mobility of the leachate produced
and the potential for it to migrate to ground water or surface water.
5A(4)—A surface impoundment must be designed, constructed, maintained, and operated to
prevent overtopping resulting from normal or abnormal operations, overfilling, wind and wave
actions, rainfall, or run-on; from malfunctions of level controllers, alarms, and other equipment;
and from human error.
5A(5)—When dikes are used to form the surface impoundment, the dikes must be designed,
constructed, and maintained with sufficient structural integrity to prevent massive failure of the
dikes. In ensuring structural integrity, it must not be presumed that the liner system will function
without leakage during the active life of the impoundment.
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5B(1)—Uranium and thorium byproduct materials must be managed to conform to the following
secondary ground-water protection standard: Hazardous constituents entering the ground water
from a licensed site must not exceed the specified concentration limits in the uppermost aquifer
beyond the point of compliance during the compliance period. Hazardous constituents are those
constituents identified by the Commission pursuant to paragraph 5B(2) of this criterion.
Specified concentration limits are those limits established by the Commission as indicated in
paragraph 5B(5) of this criterion. The Commission will also establish the point of compliance
and compliance period on a site specific basis through license conditions and orders. The
objective in selecting the point of compliance is to provide the earliest practicable warning that
the impoundment is releasing hazardous constituents to the ground water. The point of
compliance must be selected to provide prompt indication of ground-water contamination on the
hydraulically downgradient edge of the disposal area. The Commission shall identify hazardous
constituents, establish concentration limits, set the compliance period, and may adjust the point
of compliance if needed to accord with developed data and site information as to the flow of
ground water or contaminants, when the detection monitoring established under Criterion 7A
indicates leakage of hazardous constituents from the disposal area.
5B(2)—A constituent becomes a hazardous constituent subject to paragraph 5B(5) only when the
constituent meets all three of the following tests:
(a) The constituent is reasonably expected to be in or derived from the byproduct material in
the disposal area;
(b) The constituent has been detected in the ground water in the uppermost aquifer; and
(c) The constituent is listed in Criterion 13 of this appendix.
5B(3)—Even when constituents meet all three tests in paragraph 5B(2) of this criterion, the
Commission may exclude a detected constituent from the set of hazardous constituents on a site
specific basis if it finds that the constituent is not capable of posing a substantial present or
potential hazard to human health or the environment. In deciding whether to exclude
constituents, the Commission will consider the following:
(a) Potential adverse effects on ground-water quality, considering—
(i)

The physical and chemical characteristics of the waste in the licensed site, including
its potential for migration;
(ii) The hydrogeological characteristics of the facility and surrounding land;
(iii) The quantity of ground water and the direction of ground-water flow;
(iv) The proximity and withdrawal rates of ground-water users;
(v) The current and future uses of ground water in the area;
(vi) The existing quality of ground water, including other sources of contamination and
their cumulative impact on the ground-water quality;
(vii) The potential for health risks caused by human exposure to waste constituents;
(viii) The potential damage to wildlife, crops, vegetation, and physical structures caused
by exposure to waste constituents;
B - 22

(ix) The persistence and permanence of the potential adverse effects.
(b) Potential adverse effects on hydraulically-connected surface water quality, considering—
(i)

The volume and physical and chemical characteristics of the waste in the licensed
site;
(ii) The hydrogeological characteristics of the facility and surrounding land;
(iii) The quantity and quality of ground water, and the direction of ground-water flow;
(iv) The patterns of rainfall in the region;
(v) The proximity of the licensed site to surface waters;
(vi) The current and future uses of surface waters in the area and any water quality
standards established for those surface waters;
(vii) The existing quality of surface water, including other sources of contamination and
the cumulative impact on surface-water quality;
(viii) The potential for health risks caused by human exposure to waste constituents;
(ix) The potential damage to wildlife, crops, vegetation, and physical structures caused
by exposure to waste constituents; and
(x) The persistence and permanence of the potential adverse effects.
5B(4)—In making any determinations under paragraphs 5B(3) and 5B(6) of this criterion about
the use of ground water in the area around the facility, the Commission will consider any
identification of underground sources of drinking water and exempted aquifers made by the
Environmental Protection Agency.
5B(5)—At the point of compliance, the concentration of a hazardous constituent must not
exceed—
(a) The Commission approved background concentration of that constituent in the ground
water;
(b) The respective value given in the table in paragraph 5C if the constituent is listed in the
table and if the background level of the constituent is below the value listed; or
(c) An alternate concentration limit established by the Commission.
5B(6)—Conceptually, background concentrations pose no incremental hazards and the drinking
water limits in paragraph 5C state acceptable hazards but these two options may not be
practically achievable at a specific site. Alternate concentration limits that present no significant
hazard may be proposed by licensees for Commission consideration. Licensees must provide the
basis for any proposed limits including consideration of practicable corrective actions that limits
are as low as reasonably achievable, and information on the factors the Commission must
consider. The Commission will establish a site specific alternate concentration limit for a
hazardous constituent as provided in paragraph 5B(5) of this criterion if it finds that the proposed
limit is as low as reasonably achievable, after considering practicable corrective actions, and that
the constituent will not pose a substantial present or potential hazard to human health or the
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environment as long as the alternate concentration limit is not exceeded. In making the present
and potential hazard finding, the Commission will consider the following factors:
(a) Potential adverse effects on ground-water quality, considering—
(i)

The physical and chemical characteristics of the waste in the licensed site including
its potential for migration;
(ii) The hydrogeological characteristics of the facility and surrounding land;
(iii) The quantity of ground water and the direction of ground-water flow;
(iv) The proximity and withdrawal rates of ground-water users;
(v) The current and future uses of ground water in the area;
(vi) The existing quality of ground water, including other sources of contamination and
their cumulative impact on the ground-water quality;
(vii) The potential for health risks caused by human exposure to waste constituents;
(viii) The potential damage to wildlife, crops, vegetation, and physical structures caused
by exposure to waste constituents;
(ix) The persistence and permanence of the potential adverse effects.
(b) Potential adverse effects on hydraulically-connected surface water quality, considering—
(i)

The volume and physical and chemical characteristics of the waste in the licensed
site;
(ii) The hydrogeological characteristics of the facility and surrounding land;
(iii) The quantity and quality of ground water, and the direction of ground-water flow;
(iv) The patterns of rainfall in the region;
(v) The proximity of the licensed site to surface waters;
(vi) The current and future uses of surface waters in the area and any water quality
standards established for those surface waters;
(vii) The existing quality of surface water including other sources of contamination and
the cumulative impact on surface water quality;
(viii) The potential for health risks caused by human exposure to waste constituents;
(ix) The potential damage to wildlife, crops, vegetation, and physical structures caused
by exposure to waste constituents; and
(x) The persistence and permanence of the potential adverse effects.
5C—Maximum Values for Ground-Water Protection
[The table which comprises 5C has not been included in this document.]
5D—If the ground-water protection standards established under paragraph 5B(1) of this criterion
are exceeded at a licensed site, a corrective action program must be put into operation as soon as
is practicable, and in no event later than eighteen (18) months after the Commission finds that
the standards have been exceeded. The licensee shall submit the proposed corrective action
program and supporting rationale for Commission approval prior to putting the program into
operation, unless otherwise directed by the Commission. The objective of the program is to
return hazardous constituent concentration levels in ground water to the concentration limits set
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as standards. The licensee's proposed program must address removing the hazardous constituents
that have entered the ground water at the point of compliance or treating them in place. The
program must also address removing or treating in place any hazardous constituents that exceed
concentration limits in ground water between the point of compliance and the downgradient
facility property boundary. The licensee shall continue corrective action measures to the extent
necessary to achieve and maintain compliance with the ground-water protection standard. The
Commission will determine when the licensee may terminate corrective action measures based
on data from the ground-water monitoring program and other information that provide
reasonable assurance that the ground-water protection standard will not be exceeded.
5E—In developing and conducting ground-water protection programs, applicants and licensees
shall also consider the following:
(1) Installation of bottom liners (Where synthetic liners are used, a leakage detection system
must be installed immediately below the liner to ensure major failures are detected if they occur.
This is in addition to the ground-water monitoring program conducted as provided in Criterion 7.
Where clay liners are proposed or relatively thin, in-situ clay soils are to be relied upon for
seepage control, tests must be conducted with representative tailings solutions and clay materials
to confirm that no significant deterioration of permeability or stability properties will occur with
continuous exposure of clay to tailings solutions. Tests must be run for a sufficient period of time
to reveal any effects if they are going to occur (in some cases deterioration has been observed to
occur rather rapidly after about nine months of exposure)).
(2) Mill process designs which provide the maximum practicable recycle of solutions and
conservation of water to reduce the net input of liquid to the tailings impoundment.
(3) Dewatering of tailings by process devices and/or in-situ drainage systems. (At new sites,
tailings must be dewatered by a drainage system installed at the bottom of the impoundment to
lower the phreatic surface and reduce the driving head of seepage, unless tests show tailings are
not amenable to such a system. Where in-situ dewatering is to be conducted, the impoundment
bottom must be graded to assure that the drains are at a low point. The drains must be protected
by suitable filter materials to assure that drains remain free running. The drainage system must
also be adequately sized to assure good drainage.)
(4) Neutralization to promote immobilization of hazardous constituents.
5F—Where ground-water impacts are occurring at an existing site due to seepage, action must be
taken to alleviate conditions that lead to excessive seepage impacts and restore ground-water
quality. The specific seepage control and ground-water protection method, or combination of
methods, to be used must be worked out on a site-specific basis. Technical specifications must be
prepared to control installation of seepage control systems. A quality assurance, testing, and
inspection program, which include supervision by a qualified engineer or scientist, must be
established to assure the specifications are met.
5G—In support of a tailings disposal system proposal, the applicant/operator shall supply
information concerning the following:
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(1) The chemical and radioactive characteristics of the waste solutions.
(2) The characteristics of the underlying soil and geologic formations particularly as they will
control transport of contaminants and solutions. This includes detailed information concerning
extent, thickness, uniformity, shape, and orientation of underlying strata. Hydraulic gradients and
conductivities of the various formations must be determined. This information must be gathered
from borings and field survey methods taken within the proposed impoundment area and in
surrounding areas where contaminants might migrate to ground water. The information gathered
on boreholes must include both geologic and geophysical logs in sufficient number and degree of
sophistication to allow determining significant discontinuities, fractures, and channeled deposits
of high hydraulic conductivity. If field survey methods are used, they should be in addition to
and calibrated with borehole logging. Hydrologic parameters such as permeability may not be
determined on the basis of laboratory analysis of samples alone; a sufficient amount of field
testing (e.g., pump tests) must be conducted to assure actual field properties are adequately
understood. Testing must be conducted to allow estimating chemi-sorption attenuation properties
of underlying soil and rock.
(3) Location, extent, quality, capacity and current uses of any ground water at and near the site.
5H—Steps must be taken during stockpiling of ore to minimize penetration of radionuclides into
underlying soils; suitable methods include lining and/or compaction of ore storage areas.
3.1.5.2

Evaluation and Conclusion

Criteria 5A(1)(2)(5) provide design requirements for liners and dikes that are not appropriate for
the Landfill OU since it is not a new disposal facility; 5A(3)(4) and 5B(4) are administrative or
procedural in nature and are not considered ARARs.
Criteria 5D and 5F provide requirements for corrective action and are administrative or
procedural in nature and are not considered ARARs. Criteria 5E and 5G provide requirements
for new disposal facilities. The Landfill OU is not a new disposal facility so these requirements
are not appropriate. Criteria 5H provides requirements for stockpiling ore, which is not
appropriate for the Landfill OU.
Criteria 5B(1)(2)(3)(5) and 5C provide groundwater protection standards for the management of
uranium byproduct material, which while relevant for any alternative that leaves material behind
above the limits specified in Criterion 6(6), are not appropriate based on the conclusion in
Appendix A of the FS that groundwater is not a potential drinking water source, and therefore
not a medium of concern under CERCLA. Also, surface water in nearby Two Mile Creek is not a
medium of concern under CERCLA, based on the conclusion in Appendix A of this FS that site
groundwater does not currently pose a risk to human health and the environment in the creek,
and is not predicted to in the future.
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3.1.6
3.1.6.1

10 CFR 40, Appendix A: Criterion 6, Closure of Waste Disposal Areas
Published Regulations

Criterion 6—(1) In disposing of waste byproduct material, licensees shall place an earthen cover
(or approved alternative) over tailings or wastes at the end of milling operations and shall close
the waste disposal area in accordance with a design1 which provides reasonable assurance of
control of radiological hazards to (i) be effective for 1,000 years, to the extent reasonably
achievable, and, in any case, for at least 200 years, and (ii) limit releases of radon-222 from
uranium byproduct materials, and radon-220 from thorium byproduct materials, to the
atmosphere so as not to exceed an average2 release rate of 20 picocuries per square meter per
second (pCi/m2/s) to the extent practicable throughout the effective design life determined
pursuant to (1)(i) of this Criterion. In computing required tailings cover thicknesses, moisture in
soils in excess of amounts found normally in similar soils in similar circumstances may not be
considered. Direct gamma exposure from the tailings or wastes should be reduced to background
levels. The effects of any thin synthetic layer may not be taken into account in determining the
calculated radon exhalation level. If non-soil materials are proposed as cover materials, it must
be demonstrated that these materials will not crack or degrade by differential settlement,
weathering, or other mechanism, over long-term intervals.
1.

2.

In the case of thorium byproduct materials, the standard applies only to design. Monitoring for radon
emissions from thorium byproduct materials after installation of an appropriately designed cover is not
required.
This average applies to the entire surface of each disposal area over a period of a least one year, but a
period short compared to 100 years. Radon will come from both byproduct materials and from covering
materials. Radon emissions from covering materials should be estimated as part of developing a closure
plan for each site. The standard, however, applies only to emissions from byproduct materials to the
atmosphere.

(2) As soon as reasonably achievable after emplacement of the final cover to limit releases of
radon-222 from uranium byproduct material and prior to placement of erosion protection barriers
or other features necessary for long-term control of the tailings, the licensee shall verify through
appropriate testing and analysis that the design and construction of the final radon barrier is
effective in limiting releases of radon-222 to a level not exceeding 20 pCi/m2/s averaged over the
entire pile or impoundment using the procedures described in 40 CFR part 61, appendix B,
Method 115, or another method of verification approved by the Commission as being at least as
effective in demonstrating the effectiveness of the final radon barrier.
(3) When phased emplacement of the final radon barrier is included in the applicable reclamation
plan, the verification of radon-222 release rates required in paragraph (2) of this criterion must be
conducted for each portion of the pile or impoundment as the final radon barrier for that portion
is emplaced.
(4) Within ninety days of the completion of all testing and analysis relevant to the required
verification in paragraphs (2) and (3) of this criterion, the uranium mill licensee shall report to
the Commission the results detailing the actions taken to verify that levels of release of
radon-222 do not exceed 20 pCi/m2/s when averaged over the entire pile or impoundment. The
licensee shall maintain records until termination of the license documenting the source of input
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parameters including the results of all measurements on which they are based, the calculations
and/or analytical methods used to derive values for input parameters, and the procedure used to
determine compliance. These records shall be kept in a form suitable for transfer to the custodial
agency at the time of transfer of the site to DOE or a State for long-term care if requested.
(5) Near surface cover materials (i.e., within the top three meters) may not include waste or rock
that contains elevated levels of radium; soils used for near surface cover must be essentially the
same, as far as radioactivity is concerned, as that of surrounding surface soils. This is to ensure
that surface radon exhalation is not significantly above background because of the cover material
itself.
(6) The design requirements in this criterion for longevity and control of radon releases apply to
any portion of a licensed and/or disposal site unless such portion contains a concentration of
radium in land, averaged over areas of 100 square meters, which, as a result of byproduct
material, does not exceed the background level by more than: (i) 5 picocuries per gram (pCi/g) of
radium-226, or, in the case of thorium byproduct material, radium-228, averaged over the first 15
centimeters (cm) below the surface, and (ii) 15 pCi/g of radium-226, or, in the case of thorium
byproduct material, radium-228, averaged over 15-cm thick layers more than 15 cm below the
surface.
Byproduct material containing concentrations of radionuclides other than radium in soil, and
surface activity on remaining structures, must not result in a total effective dose equivalent
(TEDE) exceeding the dose from cleanup of radium contaminated soil to the above standard
(benchmark dose), and must be at levels which are as low as is reasonably achievable. If more
than one residual radionuclide is present in the same 100-square-meter area, the sum of the ratios
for each radionuclide of concentration present to the concentration limit will not exceed “1”
(unity). A calculation of the potential peak annual TEDE within 1000 years to the average
member of the critical group that would result from applying the radium standard (not including
radon) on the site must be submitted for approval. The use of decommissioning plans with
benchmark doses which exceed 100 mrem/yr, before application of ALARA, requires the
approval of the Commission after consideration of the recommendation of the NRC staff. This
requirement for dose criteria does not apply to sites that have decommissioning plans for soil and
structures approved before June 11, 1999.
(7) The licensee shall also address the nonradiological hazards associated with the wastes in
planning and implementing closure. The licensee shall ensure that disposal areas are closed in a
manner that minimizes the need for further maintenance. To the extent necessary to prevent
threats to human health and the environment, the licensee shall control, minimize, or eliminate
post-closure escape of nonradiological hazardous constituents, leachate, contaminated rainwater,
or waste decomposition products to the ground or surface waters or to the atmosphere.
3.1.6.2

Evaluation and Conclusion

Criterion 6(1) incorporates performance standards for the disposal area by defining the time
frame for long-term effectiveness and establishing radon emission criteria. This requirement is
relevant and appropriate for any alternative that involves construction of a cap.
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Criteria 6(5) and 6(7) address the design and performance of the cover of a disposal facility.
These requirements would be relevant and appropriate for any alternative that involves
construction of a cap.
Criterion 6(2), 6(3), and 6(4) are administrative in nature and are therefore not ARARs.
Criterion 6(6) establishes residual soil concentration requirements for radium, as well as
benchmark dose requirements for addressing radionuclides other than radium. These benchmark
doses are used to develop cleanup criteria such that “byproduct material containing
concentrations of radionuclides other than radium in soil, and surface activity on remaining
structures, must not result in a total effective dose equivalent (TEDE) exceeding the dose from
cleanup of radium to the above standard (benchmark dose) and must be at levels that are
ALARA [as low as reasonably achievable].” Under this approach, dose assessments (excluding
radon) are conducted to convert the radium soil standards into a benchmark dose for all the
radionuclides at the site. Criterion 6(6) requirements also address the NRC approval of
benchmark dose calculations and approval of benchmark doses exceeding 100 mrem/yr. The
NRC approval portion of 6(6) is administrative and not an ARAR, as the remedy implemented
under FUSRAP does not require NRC approval. However, the other requirements of Criterion
6(6) are relevant and appropriate for any remedial alternative that involves excavation.
3.1.7
3.1.7.1

10 CFR 40, Appendix A: Criterion 6A, Completion of Final Impoundment
Radon Barrier
Published Regulation

(1) For impoundments containing uranium byproduct materials, the final radon barrier must be
completed as expeditiously as practicable considering technological feasibility after the pile or
impoundment ceases operation in accordance with a written, Commission-approved reclamation
plan. (The term as expeditiously as practicable considering technological feasibility as
specifically defined in the Introduction of this appendix includes factors beyond the control of
the licensee.) Deadlines for completion of the final radon barrier and, if applicable, the following
interim milestones must be established as a condition of the individual license: windblown
tailings retrieval and placement on the pile and interim stabilization (including dewatering or the
removal of freestanding liquids and recontouring). The placement of erosion protection barriers
or other features necessary for long-term control of the tailings must also be completed in a
timely manner in accordance with a written, Commission-approved reclamation plan.
(2) The Commission may approve a licensee's request to extend the time for performance of
milestones related to emplacement of the final radon barrier if, after providing an opportunity for
public participation, the Commission finds that the licensee has adequately demonstrated in the
manner required in paragraph (2) of Criterion 6 that releases of radon-222 do not exceed an
average of 20 pCi/m2/s. If the delay is approved on the basis that the radon releases do not
exceed 20 pCi/m2/s, a verification of radon levels, as required by paragraph (2) of Criterion 6,
must be made annually during the period of delay. In addition, once the Commission has
established the date in the reclamation plan for the milestone for completion of the final radon
barrier, the Commission may extend that date based on cost if, after providing an opportunity for
public participation, the Commission finds that the licensee is making good faith efforts to
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emplace the final radon barrier, the delay is consistent with the definition of available
technology, and the radon releases caused by the delay will not result in a significant incremental
risk to the public health.
(3) The Commission may authorize by license amendment, upon licensee request, a portion of
the impoundment to accept uranium byproduct material or such materials that are similar in
physical, chemical, and radiological characteristics to the uranium mill tailings and associated
wastes already in the pile or impoundment, from other sources, during the closure process. No
such authorization will be made if it results in a delay or impediment to emplacement of the final
radon barrier over the remainder of the impoundment in a manner that will achieve levels of
radon-222 releases not exceeding 20 pCi/m2/s averaged over the entire impoundment. The
verification required in paragraph (2) of Criterion 6 may be completed with a portion of the
impoundment being used for further disposal if the Commission makes a final finding that the
impoundment will continue to achieve a level of radon-222 releases not exceeding 20 pCi/m2/s
averaged over the entire impoundment. In this case, after the final radon barrier is complete
except for the continuing disposal area, (a) only byproduct material will be authorized for
disposal, (b) the disposal will be limited to the specified existing disposal area, and (c) this
authorization will only be made after providing opportunity for public participation. Reclamation
of the disposal area, as appropriate, must be completed in a timely manner after disposal
operations cease in accordance with paragraph (1) of Criterion 6; however, these actions are not
required to be complete as part of meeting the deadline for final radon barrier construction.
3.1.7.2

Evaluation and Conclusion

The provisions mandated herein require prompt closure of cells and adherence to the regulatory
milestones, in addition to a provision giving the Commission discretion as part of a license
amendment to authorize disposal of other material that are “similar in physical, chemical, and
radiological characteristics to the uranium mill tailings” that may be considered in future options
for disposal of non-11e.(2) material in 11e.(2) disposal cells.
Criterion 6A is administrative in nature and thus not an ARAR.
3.1.8
3.1.8.1

10 CFR 40, Appendix A: Criterion 7, Preoperational Monitoring Period
Published Regulation

7—At least one full year prior to any major site construction, a preoperational monitoring
program must be conducted to provide complete baseline data on a milling site and its environs.
Throughout the construction and operating phases of the mill, an operational monitoring program
must be conducted to measure or evaluate compliance with applicable standards and regulations;
to evaluate performance of control systems and procedures; to evaluate environmental impacts of
operation; and to detect potential long-term effects.
7A—The licensee shall establish a detection monitoring program needed for the Commission to
set the site-specific ground-water protection standards in paragraph 5B(1) of this appendix. For
all monitoring under this paragraph the licensee or applicant will propose for Commission
approval as license conditions which constituents are to be monitored on a site specific basis. A
detection monitoring program has two purposes. The initial purpose of the program is to detect
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leakage of hazardous constituents from the disposal area so that the need to set ground-water
protection standards is monitored. If leakage is detected, the second purpose of the program is to
generate data and information needed for the Commission to establish the standards under
Criterion 5B. The data and information must provide a sufficient basis to identify those
hazardous constituents which require concentration limit standards and to enable the
Commission to set the limits for those constituents and the compliance period. They may also
need to provide the basis for adjustments to the point of compliance. For licenses in effect
September 30, 1983, the detection monitoring programs must have been in place by October 1,
1984. For licenses issued after September 30, 1983, the detection monitoring programs must be
in place when specified by the Commission in orders or license conditions. Once ground-water
protection standards have been established pursuant to paragraph 5B(1), the licensee shall
establish and implement a compliance monitoring program. The purpose of the compliance
monitoring program is to determine that the hazardous constituent concentrations in ground
water continue to comply with the standards set by the Commission. In conjunction with a
corrective action program, the licensee shall establish and implement a corrective action
monitoring program. The purpose of the corrective action monitoring program is to demonstrate
the effectiveness of the corrective actions. Any monitoring program required by this paragraph
may be based on existing monitoring programs to the extent the existing programs can meet the
stated objective for the program.
3.1.8.2

Evaluation and Conclusion

Criterion 7 mandates implementation of a compliance monitoring program once groundwater
protection standards have been established. A preoperational monitoring program is required at
least one year prior to any major site construction and an operational monitoring program is
required thereafter. Criterion 7A requires development of a groundwater monitoring program to
detect leakage from the disposal area.
The pre-operational monitoring and compliance monitoring program established by Criterion 7A
is relevant for any alternative that leaves material behind above the limits specified in Criterion
6(6); however, it is not appropriate as illustrated in Appendix A of the FS since groundwater is
not a potential source of drinking water and not a CERCLA medium of concern.
3.1.9
3.1.9.1

10 CFR 40, Appendix A: Criterion 8 – Reduction of Airborne Effluent Releases
Published Regulation

Milling operations must be conducted so that all airborne effluent releases are reduced to levels
as low as is reasonably achievable. The primary means of accomplishing this must be by means
of emission controls. Institutional controls, such as extending the site boundary and exclusion
area, may be employed to ensure that offsite exposure limits are met, but only after all
practicable measures have been taken to control emissions at the source. Notwithstanding the
existence of individual dose standards, strict control of emissions is necessary to assure that
population exposures are reduced to the maximum extent reasonably achievable and to avoid site
contamination. The greatest potential sources of offsite radiation exposure (aside from radon
exposure) are dusting from dry surfaces of the tailings disposal area not covered by tailings
solution and emissions from yellowcake drying and packaging operations. During operations and
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prior to closure, radiation doses from radon emissions from surface impoundments of uranium or
thorium byproduct materials must be kept as low as is reasonably achievable.
Checks must be made and logged hourly of all parameters (e.g., differential pressures and
scrubber water flow rates) that determine the efficiency of yellowcake stack emission control
equipment operation. The licensee shall retain each log as a record for three years after the last
entry in the log is made. It must be determined whether conditions are within a range prescribed
to ensure that the equipment is operating consistently near peak efficiency; corrective action
must be taken when performance is outside of prescribed ranges. Effluent control devices must
be operative at all times during drying and packaging operations and whenever air is exhausting
from the yellowcake stack. Drying and packaging operations must terminate when controls are
inoperative. When checks indicate the equipment is not operating within the range prescribed for
peak efficiency, actions must be taken to restore parameters to the prescribed range. When this
cannot be done without shutdown and repairs, drying and packaging operations must cease as
soon as practicable. Operations may not be restarted after cessation due to off-normal
performance until needed corrective actions have been identified and implemented. All these
cessations, corrective actions, and restarts must be reported to the appropriate NRC regional
office as indicated in Criterion 8A, in writing, within ten days of the subsequent restart.
To control dusting from tailings, that portion not covered by standing liquids must be wetted or
chemically stabilized to prevent or minimize blowing and dusting to the maximum extent
reasonably achievable. This requirement may be relaxed if tailings are effectively sheltered from
wind, such as may be the case where they are disposed of below grade and the tailings surface is
not exposed to wind. Consideration must be given in planning tailings disposal programs to
methods which would allow phased covering and reclamation of tailings impoundments because
this will help in controlling particulate and radon emissions during operation. To control dusting
from diffuse sources, such as tailings and ore pads where automatic controls do not apply,
operators shall develop written operating procedures specifying the methods of control which
will be utilized.
Milling operations producing or involving thorium byproduct material must be conducted in such
a manner as to provide reasonable assurance that the annual dose equivalent does not exceed 25
millirems to the whole body, 75 millirems to the thyroid, and 25 millirems to any other organ of
any member of the public as a result of exposures to the planned discharge of radioactive
materials, radon-220 and its daughters excepted, to the general environment.
Uranium and thorium byproduct materials must be managed so as to conform to the applicable
provisions of title 40 of the Code of Federal Regulations, part 440, “Ore Mining and Dressing
Point Source Category: Effluent Limitations Guidelines and New Source Performance Standards,
subpart C, Uranium, Radium, and Vanadium Ores Subcategory,” as codified on January 1, 1983.
3.1.9.2

Evaluation and Conclusion

The provisions in Criterion 8 mandate controls for airborne effluent releases for uranium and
thorium milling operations. Since no milling operations have or will be conducted at the Landfill
OU, these requirements are not relevant and appropriate for any remedial alternatives being
considered.
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3.1.10

10 CFR 40, Appendix A: Criterion 8A – Daily Inspections

3.1.10.1

Published Regulation

Daily inspections of tailings or waste retention systems must be conducted by a qualified
engineer or scientist and documented. The licensee shall retain the documentation for each daily
inspection as a record for three years after the documentation is made. The appropriate NRC
regional office as indicated in appendix D to 10 CFR part 20 of this chapter, or the Director,
Office of Nuclear Material Safety and Safeguards, U.S. Nuclear Regulatory Commission,
Washington, DC, 20555, must be immediately notified of any failure in a tailings or waste
retention system that results in a release of tailings or waste into unrestricted areas, or of any
unusual conditions (conditions not contemplated in the design of the retention system) that is not
corrected could indicate the potential or lead to failure of the system and result in a release of
tailings or waste into unrestricted areas.
3.1.10.2

Evaluation and Conclusion

Although this criterion contains some procedural provisions, substantive requirements provide
daily quality control/quality assurance inspections to identify and facilitate correction of tailings
or waste retention systems in order to control releases of tailings or wastes into unrestricted areas
during operation of the uranium recovery facility. Since no milling operations have or will be
conducted at the Landfill OU, these requirements are not relevant and appropriate for any
remedial alternatives being considered.
3.1.11

10 CFR 40, Appendix A, Criterion 9

3.1.11.1

Published Regulation

(a) Financial surety arrangements must be established by each mill operator prior to the
commencement of operations to assure that sufficient funds will be available to carry out
the decontamination and decommissioning of the mill and site and for the reclamation of
any tailings or waste disposal areas. The amount of funds to be ensured by such surety
arrangements must be based on Commission-approved cost estimates in a Commissionapproved plan, or a proposed revision to the plan submitted to the Commission for
approval, if the proposed revision contains a higher cost estimate, for:
(1) Decontamination and decommissioning of mill buildings and the milling site to levels
which allow unrestricted use of these areas upon decommissioning, and
(2) The reclamation of tailings and/or waste areas in accordance with technical criteria
delineated in Section I of this appendix.
(b) Each cost estimate must contain(1) A detailed cost estimate for decontamination, decommissioning, and reclamation, in
an amount reflecting:
(i) The cost of an independent contractor to perform the decontamination,
decommissioning and reclamation activities; and
(ii) An adequate contingency factor;
(2) An estimate of the amount of radioactive contamination in onsite subsurface material;
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(3) Identification and justification for using the key assumptions contained in the DCE;
and
(4) A description of the method of assuring funds for decontamination, decommissioning,
and reclamation.
(c) The licensee shall submit this plan in conjunction with an environmental report that
addresses the expected environmental impacts of the milling operation, decommissioning
and tailings reclamation, and evaluates alternatives for mitigating these impacts. The plan
must include a signed original of the financial instrument obtained to satisfy the surety
arrangement requirements of this criterion (unless a previously submitted and approved
financial instrument continues to cover the cost estimate for decommissioning). The
surety must also cover the cost estimate and the payment of the charge for long-term
surveillance and control required by Criterion 10 of this section.
(d) In order to avoid unnecessary duplication and expense, the Commission may accept
financial sureties that have been consolidated with financial or surety arrangements
established to meet requirements of other federal or state agencies and/or local governing
bodies for such decommissioning, decontamination, reclamation, and long-term site
surveillance and control, provided such arrangements are considered adequate to satisfy
these requirements and that the portion of the surety which covers the decommissioning
and reclamation of the mill, mill tailings site and associated areas, and the long-term
funding charge is clearly identified and committed for use in accomplishing these
activities.
(e) The licensee’s surety mechanism will be reviewed annually by the Commission to assure,
that sufficient funds would be available for completion of the reclamation plan if the
work had to be performed by an independent contractor.
(f) The amount of surety liability should be adjusted to recognize any increases or decreases
resulting from:
(1)
(2)
(3)
(4)

Inflation;
Changes in engineering plans;
Activities performed;
Spills, leakage or migration of radioactive material producing additional
contamination in onsite subsurface material that must be remediated to meet
applicable remediation criteria;
(5) Waste inventory increasing above the amount previously estimated;
(6) Waste disposal costs increasing above the amount previously estimated;
(7) Facility modifications;
(8) Changes in authorized possession limits;
(9) Actual remediation costs that exceed the previous cost estimate;
(10) Onsite disposal; and
(11) Any other conditions affecting costs.
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(g) Regardless of whether reclamation is phased through the life of the operation or takes
place at the end of operations, an appropriate portion of surety liability must be retained
until final compliance with the reclamation plan is determined.
(h) The appropriate portion of surety liability retained until final compliance with the
reclamation plan is determined will be at least sufficient at all times to cover the costs of
decommissioning and reclamation of the areas that are expected to be disturbed before
the next license renewal. The term of the surety mechanism must be open ended, unless it
can be demonstrated that another arrangement would provide an equivalent level of
assurance. This assurance would be provided with a surety instrument which is written
for a specified time (e.g., 5 years) and which must be automatically renewed unless the
surety notifies the beneficiary (the Commission or the State regulatory agency) and the
principal (the licensee) with reasonable time (e.g., 90 days) before the renewal date of
their intention not to renew. In such a situation the surety requirement still exists and the
licensee would be required to submit an acceptable replacement surety within a brief time
to allow at least 60 days for the regulatory agency to collect.
(i) Proof of forfeiture must not be necessary to collect the surety. In the event that the
licensee can not provide an acceptable replacement surety within the required time, the
surety shall be automatically collected before its expiration. The surety instrument must
provide for collection of the full face amount immediately on demand without reduction
for any reason, except for trustee fees and expenses provided for in a trust agreement, and
that the surety will not refuse to make full payment. The conditions described previously
would have to be clearly stated on any surety instrument which is not open-ended, and
must be agreed to by all parties. Financial surety arrangements generally acceptable to the
Commission are:
(1)
(2)
(3)
(4)

3.1.11.2

Trust funds;
Surety bonds;
Irrevocable letters of credit; and
Combinations of the financial surety arrangements or other types of arrangements as
may be approved by the Commission. If a trust is not used, then a standby trust must
be set up to receive funds in the event the Commission or State regulatory agency
exercises its right to collect the surety. The surety arrangement and the surety or
trustee, as applicable, must be acceptable to the Commission. Self insurance, or any
arrangement which essentially constitutes self insurance (e.g., a contract with a State
or Federal agency), will not satisfy the surety requirement because this provides no
additional assurance other than that which already exists through license
requirements.
Evaluation and Conclusion

This criterion requires the establishment of financial surety arrangements prior to the
commencement of operations to assure that sufficient funds will be available to carry out the
decontamination and decommissioning of the mill and site and for the reclamation of any tailings
or waste disposal areas. Since this criterion is administrative or procedural in nature, it is not an
ARAR.
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3.1.12
3.1.12.1

10 CFR 40 Appendix A, Criterion 10, Long-term Surveillance Charge
Published Regulation

A minimum charge of $250,000 (1978 dollars) to cover the costs of long-term surveillance must
be paid by each mill operator to the general treasury of the United States or to an appropriate
State agency prior to the termination of a uranium or thorium mill license.
If site surveillance or control requirements at a particular site are determined, on the basis of a
site-specific evaluation, to be significantly greater than those specified in Criterion 12 (e.g., if
fencing is determined to be necessary), variance in funding requirements may be specified by the
Commission. In any case, the total charge to cover the costs of long-term surveillance must be
such that, with an assumed 1 percent annual real interest rate, the collected funds will yield
interest in an amount sufficient to cover the annual costs of site surveillance. The total charge
will be adjusted annually prior to actual payment to recognize inflation. The inflation rate to be
used is that indicated by the change in the Consumer Price Index published by the U.S.
Department of Labor, Bureau of Labor Statistics.
3.1.12.2

Evaluation and Conclusion

This criterion requires funding for long-term surveillance costs. Since this criterion is
administrative or procedural in nature, it is not an ARAR.
3.1.13
3.1.13.1

10 CFR 40, Appendix A: Criterion 11, Site and Byproduct Material Ownership
Published Regulation

A. These criteria relating to ownership of tailings and their disposal sites become effective on
November 8, 1981, and apply to all licenses terminated, issued, or renewed after that date.
B. Any uranium or thorium milling license or tailings license must contain such terms and
conditions as the Commission determines necessary to assure that prior to termination of the
license, the licensee will comply with ownership requirements of this criterion for sites used for
tailings disposal.
C. Title to the byproduct material licensed under this part and land, including any interests
therein (other than land owned by the United States or by a State) which is used for the disposal
of any such byproduct material, or is essential to ensure the long term stability of such disposal
site, must be transferred to the United States or the State in which such land is located, at the
option of such State. In view of the fact that physical isolation must be the primary means of
long-term control, and Government land ownership is a desirable supplementary measure,
ownership of certain severable subsurface interests (for example, mineral rights) may be
determined to be unnecessary to protect the public health and safety and the environment. In any
case, however, the applicant/operator must demonstrate a serious effort to obtain such subsurface
rights, and must, in the event that certain rights cannot be obtained, provide notification in local
public land records of the fact that the land is being used for the disposal of radioactive material
and is subject to either an NRC general or specific license prohibiting the disruption and
disturbance of the tailings. In some rare cases, such as may occur with deep burial where no
ongoing site surveillance will be required, surface land ownership transfer requirements may be
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waived. For licenses issued before November 8, 1981, the Commission may take into account
the status of the ownership of such land, and interests therein, and the ability of a licensee to
transfer title and custody thereof to the United States or a State.
D. If the Commission subsequent to title transfer determines that use of the surface or
subsurface estates, or both, of the land transferred to the United States or to a State will not
endanger the public health, safety, welfare, or environment, the Commission may permit the use
of the surface or subsurface estates, or both, of such land in a manner consistent with the
provisions provided in these criteria. If the Commission permits such use of such land, it will
provide the person who transferred such land with the right of first refusal with respect to such
use of such land.
E. Material and land transferred to the United States or a State in accordance with this Criterion
must be transferred without cost to the United States or a State other than administrative and
legal costs incurred in carrying out such transfer.
F. The provisions of this part respecting transfer of title and custody to land and tailings and
wastes do not apply in the case of lands held in trust by the United States for any Indian tribe or
lands owned by such Indian tribe subject to a restriction against alienation imposed by the United
States. In the case of such lands which are used for the disposal of byproduct material, as defined
in this part, the licensee shall enter into arrangements with the Commission as may be
appropriate to assure the long-term surveillance of such lands by the United States.
3.1.13.2

Evaluation and Conclusion

These requirements grant the legal transfer of disposal sites to the United States or to a state for
perpetual maintenance. This action, although critical to the perpetual management of the uranium
recovery facility disposal site, is not an applicable requirement for the Landfill OU, as it is not a
licensed facility. Criterion 11 is also not relevant and appropriate because it does not provide
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or
circumstances of their release at the site. The Criterion is procedural in nature.
3.1.14
3.1.14.1

10 CFR 40, Appendix A: Criterion 12, Long-Term Site Surveillance
Published Regulation

Criterion 12—The final disposition of tailings, residual radioactive material, or wastes at milling
sites should be such that ongoing active maintenance is not necessary to preserve isolation. As a
minimum, annual site inspections must be conducted by the Government agency responsible for
long-term care of the disposal site to confirm its integrity and to determine the need, if any, for
maintenance and/or monitoring. Results of the inspections for all the sites under the licensee's
jurisdiction will be reported to the Commission annually within 90 days of the last site inspection
in that calendar year. Any site where unusual damage or disruption is discovered during the
inspection, however, will require a preliminary site inspection report to be submitted within 60
days. On the basis of a site specific evaluation, the Commission may require more frequent site
inspections if necessary due to the features of a particular disposal site. In this case, a preliminary
inspection report is required to be submitted within 60 days following each inspection.
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3.1.14.2

Evaluation and Conclusion

Criterion 12 mandates that the disposition of wastes at milling sites be implemented so that
active maintenance is not required to preserve the isolation of wastes. The substantive provisions
require annual inspections of closed disposal sites to verify that controls continue to be
protective. Periodic inspections are an important component of institutional controls and are
considered to be appropriate.
Although there are some administrative requirements (e.g., time frame for reporting
requirements) in Criterion 12, the substantive requirements, such as the mandatory site
inspections, are considered to be relevant and appropriate for any alternative that leaves material
behind above the limits specified in Criterion 6(6).
3.1.15
3.1.15.1

10 CFR 40, Appendix A: Criterion 13, Hazardous Constituents
Published Regulation

Criterion 13—Secondary ground-water protection standards required by Criterion 5 of this
appendix are concentration limits for individual hazardous constituents. The following list of
constituents identifies the constituents for which standards must be set and complied with if the
specific constituent is reasonably expected to be in or derived from the byproduct material and
has been detected in ground water. For purposes of this appendix, the property of gross alpha
activity will be treated as if it is a hazardous constituent. Thus, when setting standards under
paragraph 5B(5) of Criterion 5, the Commission will also set a limit for gross alpha activity. The
Commission does not consider the following list imposed by 40 CFR part 192 to be exhaustive
and may determine other constituents to be hazardous on a case-by-case basis, independent of
those specified by the U.S. Environmental Protection Agency in part 192. (NOTE: The list of
constituents was not included in the text of this document because it is several pages long.)
3.1.15.2

Evaluation and Conclusion

10 CFR 40, Appendix A: Criterion 13 is considered relevant since it presents groundwater
criteria for uranium mill tailing disposal facilities, which are similar to the FUSRAP-related
material in the Landfill OU. However it is not considered appropriate as illustrated in Appendix
A of the FS since groundwater is not a potential source of drinking water and thus not a
CERCLA medium of concern.
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4.0 REGULATIONS EVALUATED BUT DETERMINED NOT TO BE
ARARS
4.1 40 CFR 192, Subparts A and B: Health and Environmental Protection Standards for
Uranium and Thorium Mill Tailings
Under the UMTRCA, the USEPA was directed to develop “standards of general application…for
the protection of the public health, safety, and the environment from radiological and
nonradiological hazards associated with (uranium mill tailings)” for both the inactive and active
processing sites, 42 U.S.C. § 2022 and 772 F.2d 617. These standards of general application
were promulgated in 40 CFR 192.
USDOE was directed to provide for the decontamination of all inactive sites processing sites
designated in Title I of the Act and those that may be added in accordance with the Act in
accordance with USEPA standards 42 U.S.C. 7918(a)(1). However, these standards are not
legally applicable to the Landfill OU because the Landfill OU is not among the 24 Title I
Remedial Action Program sites, as defined in Section 102 (Designation of Processing Sites) of
the UMTRCA, as amended (42 USC 88). These standards also are not applicable under
UMTRCA Title II since necessary criteria are not met for them to be applicable: 1) the 11e.(2)
uranium ore processing residues in the Landfill OU pre-date the effective date authorizing NRC
to regulate 11e.(2) byproduct material, 2) the Landfill OU is not an NRC-licensed facility and
USDOE and USACE are not licensees.
The requirements specified in 40 CFR 192 are considered relevant to the Landfill OU since they
focus on uranium ore mill tailings and apply the same performance standards that are found in 10
CFR 40 Appendix A; however, unlike 10 CFR 40 Appendix A, the requirements in 40 CFR 192
provide soil clean-up standards for radium-226 only and do not allow for consideration of other
radionuclides, as does the benchmark dose in 10 CFR 40 Appendix A. Since other radionuclides
are known to be present, 40 CFR 192 is relevant but not appropriate for the remedial alternatives
being considered for the Landfill OU. A relevant and appropriate analysis is presented on Table
2.
4.2 40 CFR 61: National Emission Standards for Hazardous Air Pollutants,
The Clean Air Act (CAA) requires USEPA to develop and enforce regulations to protect the
general public from exposure to airborne contaminants that are known to be hazardous to human
health. National Emissions Standards for Hazardous Air Pollutants (NESHAPs) are point-source
standards promulgated under Title III of CAA for substances identified by USEPA as hazardous
air pollutants (HAPs). HAPs are designated as hazardous substances under CERCLA 101(14).
The USEPA promulgated NESHAPs under 40 CFR 61. The NESHAPs are intended to address
air pollutants for which National Ambient Air Quality Standards do not exist, but that may cause
or contribute to an increase in mortality, irreversible illness, or incapacitating but reversible
illness. 40 CFR 61 applies to emissions of particular pollutants from specific stationary sources
and requires the application of technology-based emissions standards referred to as Maximum
Achievable Control Technology.
40 CFR 61 consists of several subparts, including:
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Subpart A: General Provisions;
Subpart B: National Emission Standards for Radon Emissions from Underground
Uranium Mines;
Subpart C: National Emission Standard for Beryllium;
Subpart D: National Emission Standard for Beryllium Rocket Motor Firing;
Subpart E: National Emission Standard for Mercury;
Subpart F: National Emission Standards for Vinyl Chloride;
Subpart G: Reserved;
Subpart H: National Emission Standards for Emissions of Radionuclides other than
Radon from Department of Energy Facilities;
Subpart I: National Emission Standards for Radionuclide Emissions from Federal
Facilities other than NRC Licensees and Not Covered by Subpart H;
Subpart J: National Emission Standard for Equipment Leaks (Fugitive Emission Sources)
of Benzene;
Subpart K: National Emission Standards for Radionuclide Emissions from Elemental
Phosphorus Plants;
Subpart L: National Emission Standard for Benzene Emissions from Coke By-Product
Recovery Plants;
Subpart M: National Emission Standard for Asbestos;
Subpart N: National Emission Standard for Inorganic Arsenic Emissions from Glass
Manufacturing Plants;
Subpart O: National Emission Standard for Inorganic Arsenic Emissions from Primary
Copper Smelters;
Subpart P: National Emission Standard for Inorganic Arsenic Emissions from Arsenic
Trioxide and Metallic Arsenic Production Facilities;
Subpart Q: National Emission Standards for Radon Emissions From Department of
Energy Facilities
Subpart R: National Emission Standards for Radon Emissions from Phosphogypsum
Stacks;
Subpart S: Reserved;
Subpart T: National Emission Standards for Radon Emissions from the Disposal of
Uranium Mill Tailings;
Subpart U: Reserved;
Subpart V: National Emission Standard for Equipment Leaks (Fugitive Emission
Sources);
Subpart W: National Emission Standards for Radon Emissions from Operating Mill
Tailings;
Subpart X: Reserved;
Subpart Y: National Emission Standard for Benzene Emissions from Benzene Storage
Vessels;
Subparts Z: AA-Reserved;
Subpart BB: National Emission Standard for Benzene Emissions from Benzene Transfer
Operations;
Subparts CC: EE-Reserved; and
Subpart FF: National Emission Standard for Benzene Waste Operations.
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Among these subparts, only Subpart H, National Emission Standards for Emissions of
Radionuclides other than Radon from Department of Energy Facilities, Subpart I, National
Emission Standards for Radionuclide Emissions from Federal Facilities other than NRC
Licensees and Not Covered by Subpart H, Subpart Q, National Emission Standards for Radon
Emissions from Department of Energy Facilities, and Subpart T, National Emission Standards
for Radon Emissions from the Disposal of Uranium Mill Tailings, may be considered as ARARs.
However, Subparts H, I and Q are not applicable as the Landfill OU is not a federally-owned
facility. Also, these subparts are not considered relevant and appropriate as they do not address
situations sufficiently similar to the circumstances of the release or remedial action and are not
well suited to the site. Specifically, the Landfill OU does not and will not contain a “facility”
similar in nature to those that Subparts H, I and Q regulate. Additionally Subpart H only
regulates sites that will emit something other than radon-222 or radon-220 and it is not
anticipated that any potential alternative for the Landfill OU will involve such emissions.
Finally, if the selected alternative for the Landfill OU involves leaving residual radioactive
materials at the site, while the material left will be of the nature and the circumstances will be
very similar to inactive mill tailings sites regulated by Subpart T, these requirements are already
covered under 10 CFR 40, Appendix A, Criterion 6, which has been selected as an ARAR for the
Landfill OU.
4.3 10 CFR 20, Subpart E: Radiological Criteria for License Termination
The NRC regulates byproduct, special nuclear, and source material pursuant to the authorization
of the Atomic Energy Act of 1954. As an integral part of its statutory role, NRC promulgated 10
CFR 20 specifically to provide “Standards for Protection against Radiation.” Subpart E
“Radiological Criteria for License Termination” provides cleanup requirements for NRC
licensees and serves as the primary remediation standard for non-USDOE organizations in the
United States.
The provisions of the NRC decommissioning rule provided in 10 CFR 20 Subpart E specifically
exclude uranium and thorium recovery facilities already subject to 10 CFR 40 Appendix A. As
stated in §20.1401, General Provisions and Scope, “The criteria do not apply to uranium and
thorium recovery facilities already subject to Appendix A to 10 CFR part 40….” Since 10 CFR
40 Appendix A has been determined to be relevant and appropriate for the remedial alternatives
being considered for the Landfill OU, 10 CFR 20 Subpart E may be relevant but by its own
terms, is not appropriate for the site. A relevant and appropriate analysis is presented on Table 3.
4.4 10 CFR 61: Licensing Requirements for Land Disposal of Radioactive Waste
The NRC regulates byproduct, special nuclear, and source material pursuant to the authorization
of the Atomic Energy Act of 1954. As an integral part of its statutory role, NRC has promulgated
10 CFR 61 specifically to provide “Licensing Requirements for Land Disposal of Radioactive
Waste.”
As stated in 10 CFR 61.1, this regulation establishes (for land disposal of radioactive waste) the
procedures, criteria, and terms and conditions upon which the NRC issues licenses for the
disposal of radioactive waste containing byproduct, source, and special nuclear material received
from “other persons” (i.e. licensed or un-licensed facilities). Low-level radioactive waste is
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radioactive waste not classified as high-level radioactive waste, transuranic (TRU) waste, spent
nuclear fuel, or byproduct material, as defined in section 11e.(2) of the Atomic Energy Act
(uranium or thorium tailings and waste).
10 CFR 61.1(b)(2) specifically states that disposal of uranium or thorium tailings or waste
[byproduct material as defined in 10 CFR 40.4(a-1) as provided for in part 40] is excluded from
this regulation. This exclusion is based on the fact that a separate regulatory program exists for
uranium mill tailings, rather than on actual waste characteristics. Substances in the Landfill OU
are uranium mill tailings and contaminated soil resulting from previous handling and storage of
the residues at the site, and therefore, are excluded from the coverage of this regulation. Since 10
CFR 40 Appendix A has been determined to be relevant and appropriate for the remedial
alternatives being considered for the Landfill OU, 10 CFR 61 may be relevant but by its own
terms, is not appropriate for the site. A relevant and appropriate analysis is presented on Table 4.
4.5 6 NYCRR 360: Solid Waste Management Facility Regulations
The regulations in 6 NYCRR 360 regulate solid waste management facilities located partially or
wholly within the State of New York. This regulation applies to all solid waste other than lowlevel radioactive waste and naturally-occurring and accelerator-produced radioactive materials
(NARM) waste, and disposal activities involving those wastes.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. However, any substantive requirements of the
regulation that may apply to other matters will be complied with during the course of the
CERCLA action.
4.6 6 NYCRR Part 370 - Hazardous Waste Management System: General
The regulations in 6 NYCRR 370 provide definitions of terms and general standards applicable
to Parts 370 through 376, and 376. The regulation also sets forth the regulations that the
department will use in making information it receives available to the public and sets for the
requirements that generations, transporters, or owners or operators of treatment, storage, or
disposal facilities must follow to assert claims of business confidentiality with respect to
information that is submitted to the department under Parts 370 through 374 and 376.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. Instead, the regulation pertains to hazardous waste.
MED/AEC materials are not hazardous waste. However, any of the substantive requirements of
the regulation that may apply other matters will be complied with during the course of the
CERCLA action.
4.7 6 NYCRR Part 371 - Identification and Listing of Hazardous Wastes
The regulations in 6 NYCRR 371 establishes the procedures for identifying those solid wastes
which are subject to regulation as hazardous wastes under Parts 370 through 373, and 376.
B - 42

However, even though a given material is defined as a hazardous waste under this Part, it may be
exempt from one or more of the substantive provisions of those Parts, as specified in each
respectively.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. Instead, the regulation pertains to hazardous waste.
MED/AEC materials are not hazardous waste. However, any of the substantive requirements of
the regulation that may apply will be complied with during the course of the CERCLA action.
4.8 6 NYCRR Part 372 - Hazardous Waste Manifest System and Related Standards for
Generators, Transporters and Facilities
The regulations in 6 NYCRR 372 establish standards for generators and transporters of
hazardous waste and standards for generators, transporters, and treatment, storage or disposal
facilities relating to the use of the manifest system and its record keeping requirements. The
manifest document shall accompany all shipments of hazardous waste while in transit unless
specifically exempted under this Part. The manifest document will serve as a multi-purpose
instrument to be used as a tracking, auditing and enforcement device.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. However, any of the substantive requirements of the
regulation that may apply to other matters will be complied with during the course of the
CERCLA action.
4.9 6 NYCRR Subpart 373-1 - Hazardous Waste Treatment, Storage and Disposal Facility
Permitting Requirements
The regulations in 6 NYCRR 373-1 regulate hazardous waste management facilities located
partially or wholly within New York State.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. Instead it is procedural in nature. However, any of the
substantive requirements of the regulation that may apply to other matters will be complied with
during the course of the CERCLA action.
4.10 6 NYCRR Subpart 373-2 - Final Status Standards for Owners and Operators of
Hazardous Waste Treatment Storage and Disposal Facilities
The regulations in 6 NYCRR 373-2 establish minimum State standards which define the
acceptable management of hazardous waste. The standards in this Subpart apply to owners and
operators of all facilities which treat, store, or dispose of hazardous waste, except as specifically
provided otherwise in this Part or Part 371.
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After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. However, any of the substantive requirements of the
regulation that may apply to other matters will be complied with during the course of the
CERCLA action.
4.11 6 NYCRR Subpart 373-3 - Interim Status Standards for Owners and Operators of
Hazardous Waste Facilities
The regulations in 6 NYCRR 373-3 establish minimum statewide standards that define the
acceptable management of hazardous waste during the period of interim status and until
certification of final closure or, if the facility is subject to post-closure requirements, until postclosure responsibilities are fulfilled.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. Instead, the regulation pertains to hazardous waste.
MED/AEC materials are not hazardous waste. However, any of the substantive requirements of
the regulation that may apply to other matters will be complied with during the course of the
CERCLA action.
4.12 6 NYCRR Part 375 - Inactive Hazardous Waste Disposal Site Remedial Program
The regulations in 6 NYCRR 375 establish the development and implementation of remedial
programs for inactive hazardous waste disposal sites, specifically under subpart 375-2, including,
but not limited to, sites listed in the Registry which are either on the national priorities list (NPL)
or are being addressed by the department of defense or the department of energy.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. Instead, the regulation pertains to hazardous waste.
MED/AEC materials are not hazardous waste. However, any of substantive requirements of the
regulation that may apply to other matters will be complied with during the course of the
CERCLA action.
4.13 6 NYCRR Part 376 - Land Disposal Restrictions
The regulations in 6 NYCRR 376 identifies hazardous wastes that are restricted from land
disposal and defines those limited circumstances under which an otherwise prohibited waste may
be land disposed. Except as specifically provided otherwise in this Part or Part 371, the
requirements of this Part apply to persons who generate or transport hazardous waste and owners
and operators of hazardous waste treatment, storage, and disposal facilities.
Under alternatives where the material is capped in place, there will be no generation and
placement of hazardous wastes so land disposal restrictions would not be applicable. Under
alternatives that include excavation and off-site disposal land disposal restrictions would not
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pertain to the on-site actions. It will be the responsibility of the off-site disposal facility to satisfy
land disposal restrictions if they are applicable to the waste sent to them. Only under an
alternative where the hazardous waste is generated (e.g., by excavation), and then placed into an
on-site land disposal unit, would land disposal restrictions be considered as potential ARARs.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. Instead it is procedural in nature. However, any of the
substantive requirements of regulation that may apply to other matters will be complied with
during the course of the CERCLA action.
4.14 6 NYCRR 380: Prevention and Control of Environmental Pollution by Radioactive
Materials
The regulations in 6 NYCRR 380 establish standards to protect against ionizing radiation
resulting from the disposal and discharge of radioactive material to the environment. The
purpose of the requirements in this regulation is to control the disposal and discharge of
radioactive material to the environment so that the total dose to an individual member of the
public (including doses resulting from licensed and unlicensed radioactive material and from
radiation sources other than background radiation) does not exceed the standards for protection
against radiation prescribed in Subpart 380-5.
After reviewing the contents of the regulation USACE determined it does not meet the definition
of an ARAR, as that term is defined in CERCLA or the NCP, because it does not contain
substantive criteria pertaining to the hazardous substances or pollutants and contaminants or the
circumstances of their release at the site. None of the proposed alternatives for the Landfill OU
involve the disposal of material at the site.

B - 45

[This page is intentionally left blank]

B - 46

5.0 REFERENCES
10 CFR (Code of Federal Regulations) 20. Standards for Protection Against Radiation.
10 CFR 40 Appendix A. Criteria Relating to the Operation of Uranium Mills and the
Disposition of Tailings or Waste Produced by the Extraction or Concentration of Source
Material from Ores Processed Primarily for Their Source Material Content.
10 CFR 61. Licensing Requirements for Land Disposal of Radioactive Waste.
40 CFR 61. National Emission Standards for Hazardous Air Pollutants.
40 CFR 192. Health and Environmental Protection Standards for Uranium and Thorium Mill
Tailings.
40 CFR 300. National Oil and Hazardous Substances Pollution Contingency Plan.
Fdsys (Federal Digital System) 2010. Code of Federal Regulations (Annual Edition),
http://www.gpo.gov/fdsys (accessed October 11, 2011)
55 Federal Register 8758. Final National Contingency Plan.
6 NYCRR 380. Rules and Regulations for Prevention and Control of Environmental Pollution
by Radioactive Materials.
42 United States Code Chapter 88. Uranium Mill Tailings Radiation Control.
42 United States Code Chapter 2014. Definitions.
42 United States Code Chapter 2022. Health and Environmental Standards for Uranium Mill
Tailings.
42 United States Code Chapter 7918. Remedial Action and Mineral Recovery Activities.
United States Army Corps of Engineers (USACE) 1999. Technical Memorandum. Radiological
Human Health Assessment for the Town of Tonawanda Landfill, Tonawanda, New York. USACE
Buffalo District, February.
USACE 2005. Remedial Investigation Report Tonawanda Landfill Vicinity Property,
Tonawanda, New York. USACE Buffalo District, April.
USACE 2007a. Proposed Plan for the Tonawanda Landfill Vicinity Property Site, Tonawanda,
New York. USACE Buffalo District, January.

B - 47

USACE 2011. Final Report for the Phase 2 Remedial Investigation at the Tonawanda Landfill
Operable Unit at the Tonawanda FUSRAP Site in Tonawanda, NY, USACE Buffalo District,
February.
USACE 2012a. Updated Baseline Risk Assessment for the Landfill Operable Unit of the
Tonawanda Landfill Vicinity Property, Tonawanda, NY. USACE Buffalo District, June.
USEPA (United States Environmental Protection Agency) 1988a. Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA. Interim Final.
USEPA/540/G-89/004. OSWER Directive 9355.3-01. October 1988.
USEPA 1988b. CERCLA Compliance with Other Laws Manual: Interim Final. Office of
Emergency and Remedial Response, Washington D.C. USEPA/540/G-89/006. August 1988.
USEPA 1993. Background Information Document for Amendments to 40 CFR Part 191,
Environmental Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level
and Transuranic Waste, USEPA 402-R-93-073, USEPA Office of Radiation and indoor Air,
Washington, DC 30260, November 1993.

B - 48

TABLES

B - 49

[This page is intentionally left blank]

B - 50

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 1 –
Site Features

Criterion 1 states the general
goal or broad objective in siting
and design decisions is
permanent isolation of tailings
and associated contaminants by
minimizing disturbance and
dispersion by natural forces,
and to do so without
dependence on ongoing
maintenance. It specifies site
features that will help achieve
this objective.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 1 does
not address media.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
Criterion 1 addresses No variances are
the siting and design discussed within
requirements of a
these regulations
new waste disposal
(i.e., provisions to
facility.
develop standards
other than those
The Landfill OU
included within
already exists so the
the regulations).
activities regulated by
Criterion 1 are not
appropriate for the
Landfill OU.

Criterion 1 is relevant for the
Landfill OU since it deals with
the disposal of uranium mill
tailings; however, criterion 1
addresses the siting and design
of a new waste disposal facility
that is not appropriate for the
existing landfill.
NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 2 –
Off-site
Disposal of
Byproduct
Material

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.

Upon closure, legal title to
Criterion 2 does
lands on which 11e.(2) disposal not address media.
cells are located are transferred
to the Government of the
United States or to a state for
perpetual maintenance. To
minimize the cost and potential
risks associated with perpetual
maintenance, this criterion
requires preferential use of
existing large mill tailings
disposal sites unless such use is
impracticable, or the advantages
of on-site burial clearly
outweigh the benefits associated
with avoiding perpetual
surveillance obligations.
Criterion 2 deals with the
disposal of uranium mill
tailings; however, it pertains to
wastes that have not yet been
disposed of and not wastes in an
existing waste containment
structure such as the Landfill
OU. Therefore, the purpose of
Criterion 2 is not consistent
with the purpose of the
CERCLA action.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
The Landfill OU
No variances are
already exists and
discussed within
Criterion 2
these regulations
encourages off-site
(i.e., provisions to
disposal for wastes
develop standards
not already
other than those
contained. Therefore, included within
the actions regulated the regulations).
by Criterion 2 are not
consistent with the
remedial actions
contemplated for the
Landfill OU.
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(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 3 –
Disposal Mode

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.

Criterion 3 states that the prime Criterion 3 does
option for disposal is placement not address media.
below grade. Where
below-grade disposal is not
practicable, it must be
demonstrated that above-grade
disposal will provide reasonably
equivalent isolation of the
tailings from natural erosion
forces.
Criterion 3 addresses the design
of a new waste disposal facility,
which is not consistent with the
remedial alternatives considered
for the Landfill OU (i.e., new
cover over existing facility
and/or excavation and off-site
disposal of material in the
Landfill OU).

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
The Landfill OU
No variances are
already exists and
discussed within
Criterion 3
these regulations
encourages below(i.e., provisions to
grade disposal for
develop standards
wastes not already
other than those
contained. Therefore, included within
the actions regulated the regulations).
by Criterion 3 are not
consistent with the
remedial actions
contemplated for the
Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 4 –
Site and
Design
Criteria

Criterion 4 provides disposal
site design and construction
criteria including wind and
water erosion controls, and
siting of disposal facilities to
promote deposition and avoid
earthquake faults, that are not
relevant for the Landfill OU
which already exists. However,
the criterion also specifies
requirements for the disposal
facility cover that are
appropriate for leave in-place
remedial alternatives.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 4 does
not address media.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
The activities
No variances are
regulated by this
discussed within
criterion include the
these regulations
construction of the
(i.e., provisions to
disposal facility
develop standards
cover, which is
other than those
appropriate for
included within
remedial alternatives the regulations).
that utilize a cap to
provide the
appropriate level of
protectiveness.
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(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 5 –
Groundwater
Protection
Standards

Criteria 5A(1)(2)(5) provide
design requirements for liners
and dikes that are not
appropriate for the site which
already exists; 5A(3)(4) and
5B(4) are administrative or
procedural in nature and are not
considered ARARs.
Criteria 5D and 5F provide
requirements for corrective
action and are administrative or
procedural in nature and are not
considered ARARs. Criteria 5E
and 5G provide requirements
for new disposal facilities. The
Landfill OU already exists so
these requirements are not
appropriate. Criteria 5H
provides requirements for
stockpiling ore, which is not
appropriate for the Landfill OU.
Criteria 5B(1)(2)(3)(5) and 5C
provide groundwater protection
standards for the management
of uranium byproduct material,
which are relevant for leave inplace remedial alternatives.
However, they are not
appropriate as groundwater and
surface water are not media of
concern for the Landfill OU.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 5
addresses
groundwater,
which is relevant
for any leave inplace remedial
alternative.
However, it is not
appropriate as
groundwater is not
a medium of
concern for the
Landfill OU.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
These criteria provide No variances are
groundwater
discussed within
protection standards
these regulations
for disposal facilities, (i.e., provisions to
which are appropriate develop standards
for leave in-place
other than those
remedial alternatives. included within
the regulations).

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 6 –
Closure of
Waste Disposal
Area

Criteria 6(1), 6(5), and 6(7)
provide disposal site technical
requirements, including design
requirements for a final earthen
cover. The purpose of these
requirements is considered
appropriate for remedial
alternatives that utilize a cap to
provide the appropriate level of
protectiveness.
Criteria 6(2), 6(3), and 6(4) are
administrative in nature and are
therefore not considered
ARARs.
Criterion 6(6) provides clean-up
criteria for soil and is
appropriate for any remedial
alternative that involves
removal.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 6(6)
provides for a
benchmark dose
for contaminants
in soil and would
be used to
determine the
extent of
contaminated soil
below the Landfill
OU for all
excavation and
removal
alternatives.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
The actions regulated No variances are
by these criteria are
discussed within
appropriate for the
these regulations
remedial alternatives (i.e., provisions to
considered for the
develop standards
site, which utilize a
other than those
cap to provide the
included within
appropriate level of
the regulations).
protectiveness, and
excavation/removal
alternatives.

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 6A –
Completion of
Final Radon
Barrier

Criterion 6A requires the
expeditious completion of the
final radon barrier.
Therefore, the purpose of
Criterion 6A is relevant for the
remedial alternatives being
considered.
However, Criterion 6A is
administrative in nature and
thus not an ARAR.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 6A
addresses radon
emissions to air
and is appropriate
for the Landfill
OU.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
There is no current
No variances are
radon barrier.
discussed within
Therefore, the action these regulations
regulated by Criterion (i.e., provisions to
6A is relevant for the develop standards
remedial alternatives other than those
being considered.
included within
the regulations).

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 7 –
Preoperational
Monitoring
Period

Criterion 7 mandates
implementation of a compliance
monitoring program once
groundwater protection
standards have been
established. A preoperational
monitoring program is required
at least one year prior to any
major site construction and an
operational monitoring program
is required thereafter.
Since the Landfill OU already
exists, the purpose of this
regulation is not appropriate for
the leave in-place remedial
alternatives.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 7
addresses
groundwater,
which is relevant
for any leave inplace remedial
alternative.
However, it is not
appropriate as
groundwater is not
a medium of
concern for the
Landfill OU.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
Pre-operational
No variances are
monitoring regulated discussed within
by Criterion 7 is not
these regulations
appropriate for the
(i.e., provisions to
Landfill OU since it
develop standards
already exists.
other than those
included within
the regulations).

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 7A –
Detection
Monitoring
Program

Criterion 7A requires
development of a groundwater
monitoring program to detect
leakage from the disposal area.
This regulation is relevant for
any leave in-place remedial
alternatives. However, it is not
appropriate as groundwater and
surface water are not media of
concern for the Landfill OU.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 7A
addresses
groundwater,
which is relevant
for any leave inplace remedial
alternative.
However, it is not
appropriate as
groundwater is not
a medium of
concern for the
Landfill OU.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
Criterion 7A requires No variances are
the development of a discussed within
post-operational
these regulations
monitoring program. (i.e., provisions to
This is consistent
develop standards
with the requirements other than those
for any leave in-place included within
remedial alternatives. the regulations).

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 8 –
Reduction of
Airborne
Effluent
Releases

Criterion 8 provisions mandate
controls for airborne effluent
releases for uranium and
thorium milling operations.
There are no milling operations
being conducted or anticipated
in the future at the Landfill OU.
These requirements are not
appropriate for the Landfill OU
or for any remedial alternatives
being considered.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
These provisions
mandate controls
for airborne
effluent releases,
which are
appropriate for the
site.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
These provisions
No variances are
mandate controls for discussed within
airborne effluent
these regulations
releases for uranium
(i.e., provisions to
and thorium milling
develop standards
operations. There are other than those
no milling operations included within
being conducted or
the regulations).
anticipated in the
future at the Landfill
OU.

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 8A –
Daily
Inspection

Although Criterion 8A contains
some procedural provisions,
substantive requirements
provide daily quality
control/quality assurance
inspections to identify and
facilitate correction of tailings
or waste retention systems in
order to control releases of
tailings or wastes into
unrestricted areas during
operation of the uranium
recovery facility. There are no
milling operations being
conducted at the Landfill OU.
These requirements are not
appropriate for the Landfill OU
or for any remedial alternatives
being considered.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

Criterion 8A does 10 CFR 40 regulates
not specifically
uranium mill tailings at
address any media. active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
This criterion
No variances are
regulates milling
discussed within
operations. No
these regulations
milling operations
(i.e., provisions to
take place at the
develop standards
Landfill OU.
other than those
included within
the regulations).

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 11 –
Site and
Byproduct
Material
Ownership

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.

These requirements grant the
There are no
legal transfer of disposal sites to media addressed
the United States or to a state
by Criterion 11.
for perpetual maintenance. This
action, although critical to the
perpetual management of the
uranium recovery facility
disposal site, is not a relevant or
appropriate requirement for the
Landfill OU, as it is not a
licensed facility.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
The action regulated
No variances are
by Criterion 11 is the discussed within
transfer of land
these regulations
ownership of a
(i.e., provisions to
byproduct material
develop standards
disposal facility to
other than those
the federal
included within
government or
the regulations).
agreement state.

The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

In accordance with Criterion
11, when a site undergoes
long-term stabilization
(containment of uranium mill
tailings on-site) ownership
and control of the land will
transfer to either the federal
government or agreement
state government. After
transfer, the government may
allow another use of the land
that is compatible with
remedy integrity.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 12 –
Long-term
Surveillance

Criterion 12 states that the
disposition of wastes at milling
sites should be implemented so
that active maintenance is not
required to preserve the
isolation of wastes. It also
recognizes that such
engineering controls have
limitations and require at least
annual inspections to ensure
maintenance of such controls.
The purpose of Criterion 12 is
appropriate for leave in-place
remedial alternatives.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
There are no
media addressed
by Criterion 12.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
Site inspections
No variances are
mandated by the
discussed within
criterion are
these regulations
appropriate for any
(i.e., provisions to
leave in-place
develop standards
remedial alternatives other than those
are being considered included within
for the Landfill OU.
the regulations).

The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 1
10 CFR 40 APPENDIX A: Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the Extraction or Concentration of Source Material from the Ores Processed Primarily for
their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose
of the CERCLA action.

Criterion 13 –
Hazardous
Constituents

Criterion 13 presents
groundwater criteria for
uranium mill tailing disposal
facilities, such as the Landfill
OU, so they are considered
relevant for leave in-place
remedial alternatives. However,
they are not appropriate as
groundwater is not a medium of
concern for the Landfill OU.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
Criterion 13
addresses
groundwater,
which is relevant
for any leave inplace remedial
alternative.
However, it is not
appropriate as
groundwater is not
a medium of
concern for the
Landfill OU.

(iii) The substances
regulated by the
requirement and the
substances found at
the CERCLA site.

10 CFR 40 regulates
uranium mill tailings at
active milling sites as
of 1978, which are
defined as 11e.(2)
byproduct materials
that are subject to NRC
licensing requirements.
The residues disposed
of in the Landfill OU
are similar to uranium
mill tailings but they
were not licensed
material and were
located in a disposal
facility as of 1978.

(v) Any
variances,
waivers, or
(iv) The actions or
exemptions of
activities regulated
the requirement
by the requirement
and their
and the remedial
availability for
action contemplated
the
at the CERCLA site.
circumstances at
the CERCLA
site.
Leave in-place
No variances are
remedial alternatives discussed within
are being considered these regulations
for the Landfill OU,
(i.e., provisions to
which is consistent
develop standards
with the actions
other than those
regulated by this
included within
criterion
the regulations).

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA action.

The type of site or facility
regulated by 10 CFR 40
Appendix A is a uranium or
thorium mill processing
facility licensed by the NRC.
Appendix A specifically
addresses the operation of
uranium mills and the
disposition of uranium mill
tailings.
The Landfill OU is not a
NRC-licensed facility;
however, the Landfill OU is
a waste storage facility that
contains uranium mill
tailings addressed by the
regulation. Therefore, the
type of place envisioned
under the rule is similar to
the Landfill OU.

NOTE: Gray shading indicates that the criterion is not relevant and appropriate.
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(vii) The type and size of
structure or facility regulated
and the type and size of
structure or facility affected
by the release or
contemplated by the
CERCLA action.

(viii) Any consideration of
use or potential use of
affected resources in the
requirement and the use or
potential use of the affected
resource at the CERCLA
site.

The type and size of structure or
facility to be regulated under
the rule is a milling facility with
wastes typically contained onsite in some manner. At closed
or inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in some
type of closed structure. The
type and size of the Landfill OU
may be similar to that found at a
milling facility.

This criterion does not
consider future use of the
site. See the discussion under
Criterion 11.

TABLE 2
40 CFR 192 Subpart A, B, and C: Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced
by the Extraction or Concentration of Source Material from Ores Processed Primarily for Their Source Material Content
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the purpose of
the CERCLA action.

(iii) The substances
regulated by the
requirement and the
substances found at the
CERCLA site.

(iv) The actions or
activities regulated
by the requirement
and the remedial
action contemplated
at the CERCLA site.

The specific goals and objectives
The regulated waste
of 40 CFR Part 192 Subparts A, B,
includes residual
and C are to provide for the longradioactive waste
term stabilization (containment or
material from inactive
disposal) or cleanup for
uranium processing sites.
unrestricted use of land of
The regulated waste,
uranium/thorium mill tailings at
uranium mill tailings
closed or inactive uranium/thorium
from the processing of
processing or milling operations.
uranium ore, are the
Remedial options considered for
principal substances
the Landfill OU include leave indisposed of in the
place and excavation/removal
Landfill OU. Thus, the
alternatives. Use of this
substances at the Landfill
requirement at the Landfill OU
OU are similar to the
would be to provide standards for
substances being
long-term stabilization of wastes,
regulated; however, for
or, alternatively, for
remedial alternatives that
removal/excavation of waste
involve excavation and
material to a level that would
removal, the soil cleanallow for unrestricted release of
up criteria are provided
the property. However, for
for radium only and do
remedial alternatives that involve
not include other
excavation and removal, the soil
radionuclides that are
clean-up criteria are provided for
expected to be present,
radium only and do not include
such as thorium and
other radionuclides that expected
uranium.
to be present, such as thorium and
uranium.
NOTE: Gray shading indicates that the regulation is not relevant and appropriate.

Actions or activities
regulated by the rule
– either long-term
containment or
cleanup of soil for
unrestricted use of
the property - are
similar to the
remedial actions
contemplated at the
Landfill OU;
however, for
remedial alternatives
that involve
excavation and
removal, the soil
clean-up criteria are
provided for radium
only and do not
include other
radionuclides that are
expected to be
present, such as
thorium and uranium.

Subparts A, B,
and C

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.
The media
regulated under
the rule, air, soil,
and water, are the
same as the media
regulated in the
CERCLA action.
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(v) Any variances,
waivers, or
exemptions of the
requirement and
their availability
for the
circumstances at
the CERCLA site.
Variances are
allowed if it is
possible that a longterm containment
situation may be an
interim remedial
action, particularly
if the human health
and environmental
consequences of
moving the waste
materials are more
harmful than the
consequences of
leaving the material
in place.

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA
action.

(vii) The type and size of
structure or facility
regulated and the type and
size of structure or facility
affected by the release or
contemplated by the
CERCLA action.

(viii) Any consideration
of use or potential use of
affected resources in the
requirement and the use
or potential use of the
affected resource at the
CERCLA site.

The type of site or facility
regulated by 40 CFR 192 is
a closed or inactive
uranium or thorium mill
processing facility or
uranium mill tailing
disposal site.
The Landfill OU is not a
designated Title 1 site
covered by the regulation;
however, Landfill OU is a
uranium mill tailing
disposal facility. Therefore,
the type of place
envisioned under the rule is
similar to the Landfill OU.

The type and size of
structure or facility to be
regulated under the rule is a
milling facility with wastes
typically contained on-site in
some manner. At closed or
inactive sites, the wastes are
typically contained in large
waste piles. Active facilities
may contain the waste in
some type of closed
structure. The type and size
of the Landfill OU structure
at Landfill OU may be
similar to that found at a
milling facility.

Inactive mill tailing sites
will either remain in
government control or be
released to the public (if a
site meets the 5/15 pCi/g
criteria for radium).
Assumptions for future
land use for the Landfill
OU site range from
unrestricted use to
industrial; however,
unrestricted release of the
property will require
consideration of
radionuclides other than
radium, so use of this
requirement at the Landfill
OU is not appropriate.

TABLE 3
10 CFR 20 Subpart E: Radiological Criteria for License Termination
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the
purpose of the CERCLA
action.

Subpart E

The purpose of 10 CFR Part
20 Subpart E is to provide for
decommissioning and
unrestricted release of
facilities except those subject
to 10 CFR 40 Appendix A.
Therefore, use of the
requirement at the Landfill
OU is not consistent with the
purpose of the requirement.

(ii) The medium
regulated or
affected by the
requirement
and the medium
contaminated
or affected at
the CERCLA
site.
10 CFR 20
Subpart E
regulates soil,
water, and air,
which are the
same as those
addressed at the
site.

(iii) The substances
regulated by the
requirement and the
substances found at the
CERCLA site.

(iv) The actions or
activities regulated
by the requirement
and the remedial
action contemplated
at the CERCLA site.

(v) Any variances,
waivers, or
exemptions of the
requirement and
their availability
for the
circumstances at
the CERCLA site.

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA
action.

(vii) The type and size of
structure or facility
regulated and the type and
size of structure or facility
affected by the release or
contemplated by the
CERCLA action.

(viii) Any consideration
of use or potential use of
affected resources in the
requirement and the use
or potential use of the
affected resource at the
CERCLA site.

10 CFR Part 20 Subpart E
applies to source, special
nuclear, and byproduct
material but excludes
uranium mill tailings and
facilities associated with
them that are regulated under
10 CFR Part 40 Appendix A
and 40 CFR Part 192. Since
10 CFR 40 Appendix A is
relevant and appropriate for
the uranium mill tailings in
the Landfill OU, use of this
requirement is not
appropriate.

Actions or activities
regulated by the rule
are decontamination
and decommissioning
of NRC-licensed sites
and release of land to
the public. Release
can be either
unrestricted or
restricted. Excavation
and removal actions
under consideration
for the Landfill OU
can be considered
similar to
decontamination and
decommissioning.

No variances or
waivers are
considered for the
requirements of this
rule.

The type of place regulated
under the rule is any NRClicensed facility except for
uranium or thorium
processing and disposal
facilities subject to 10 CFR
40 Appendix A, such as the
site. Therefore, the type of
place regulated is not
similar to the Landfill OU.

The type and size of
structure or facility regulated
under 10 CFR Part 20
Subpart E is not similar to
the Landfill OU because the
Landfill OU contains
uranium mill tailings, which
are expressly excluded from
this regulation if they are
subject to 10 CFR 40
Appendix A.

Under NRC license
termination proceedings in
10 CFR Part 20 Subpart E,
land can be released for
unrestricted use or for
restricted use, with land
use controls in place. At
the Landfill OU, both
options are under
consideration for future
land use.

NOTE: Gray shading indicates that the regulation is not relevant and appropriate.
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TABLE 4
10 CFR 61: Licensing Requirements for Land Disposal of Radioactive Waste
RELEVANT AND APPROPRIATE ANALYSIS

(i) The purpose of the
requirement and the
purpose of the CERCLA
action.

(ii) The medium
regulated or
affected by the
requirement and
the medium
contaminated or
affected at the
CERCLA site.

(iii) The substances regulated
by the requirement and the
substances found at the
CERCLA site.

(iv) The actions
or activities
regulated by the
requirement and
the remedial
action
contemplated at
the CERCLA
site.
The
specific
purpose
of
10
The
media
The
regulated
waste
includes
This
rule
covers
10 CFR 61
CFR 61 is to establish
regulated under
low-level radioactive waste
long-term disposal
requirements for near-surface the rule (soil,
containing source, special
of low-level
disposal of Class A, B, and C water, and air), are nuclear, or byproduct material.
radioactive waste.
low-level radioactive waste.
the same as the
Low-level radioactive waste has Actions being
The definition of waste under media that would
the same meaning as in the
contemplated for
10 CFR 61 excludes 11(e)(2) be regulated at the Low-Level Radioactive Waste
the Landfill OU
byproduct materials (uranium Landfill OU.
Policy Act; that is, radioactive
include long-term
or thorium tailings and
waste not classified as highcontainment of
waste), so use of the
level radioactive waste,
uranium mill
requirement at the Landfill
transuranic waste, spent nuclear tailings, which is
OU is not consistent with the
fuel, or byproduct material as
not consistent with
purpose of the requirement.
defined in section 11(e)(2) of
this rule.
the Atomic Energy Act
(uranium or thorium tailings
and waste).
Material in the Landfill OU are
uranium mill tailings and waste
associated with the handling
and storage of these tailings.
The uranium mill tailings in the
Landfill OU meet the definition
of 11e.(2) byproduct material
and are therefore excluded from
the requirements of this
regulation since a separate
regulatory program exists for
uranium mill tailings.
NOTE: Gray shading indicates that the regulation is not relevant and appropriate.
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(v) Any variances,
waivers, or
exemptions of the
requirement and
their availability
for the
circumstances at
the CERCLA site.
There are no
variances for this
requirement.

(vi) The type of place
regulated and the type of
place affected by the
release or CERCLA
action.

(vii) The type and size of
structure or facility
regulated and the type and
size of structure or facility
affected by the release or
contemplated by the
CERCLA action.

(viii) Any consideration
of use or potential use of
affected resources in the
requirement and the use
or potential use of the
affected resource at the
CERCLA site.

This rule covers nearsurface disposal sites for
the disposal of Class C or
similar to Class C
radioactive material, except
for uranium or thorium
processing and disposal
facilities subject to 10 CFR
40 Appendix A, such as the
Landfill OU. Therefore, the
type of place regulated is
not similar to the Landfill
OU.

The type and size of
structure or facility regulated
under 10 CFR Part 61 is not
similar to the Landfill OU
because the Landfill OU
contains uranium mill
tailings, which are expressly
excluded from this regulation
if they are subject to 10 CFR
40 Appendix A.

This rule requires that the
federal government will
assume the long-term care
of the site, and that the site
can be used for other
purposes as long as the
integrity of the disposal
site is not breached.
The remedial alternatives
under consideration for the
Landfill OU site include
leave in-place alternatives
that assume the federal
government will maintain
the site in perpetuity.

TABLE 5
ARAR Summary by Remedial Alternative

ARAR

Alternative 2: Single-layer Capping of
FUSRAP-related Material

10 CFR 40 Appendix A Criterion 4: Site
Yes
and Design Criteria
10 CFR 40 Appendix A Criterion 6: Closure of Waste Disposal Areas
Criterion 6(1)
Yes
Criterion 6(5)
Yes
Criterion 6(6)
No
Criterion 6(7)
Yes
10 CFR 40 Appendix A Criterion 12:
Yes
Long-term Site Surveillance
NOTE: Gray shading indicates that the regulation is not an ARAR for the alternative.

Alternative 3: Targeted Shallow
Removal and Off-site Disposal of
FUSRAP-related Material

Alternative 4: Deep Excavation and Offsite Disposal of FUSRAP-related
Material

No

No

No
No
Yes
No

No
No
Yes
No

Yes

No
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1.0

INTRODUCTION

The U.S. Army Corps of Engineers (USACE) Buffalo District developed an estimate of
contaminated soil volume at the Landfill Operable Unit (OU) of the Tonawanda Landfill
Vicinity Property for use in the detailed analysis of alternatives. This estimation was used to
develop conceptual excavation footprints and associated in situ and ex situ contaminated soil
volumes to support cost estimates used during the detailed analysis of alternatives.

1.1

Methodology

The USACE Buffalo District utilized the method developed by Argonne National Laboratory
(Argonne) to estimate contaminated soil volumes at the Landfill OU of the Tonawanda Landfill
Vicinity Property. The method, known as the Bayesian Approaches for Adaptive Spatial
Sampling (BAASS), utilizes both “soft” and “hard” data to generate a probability that a given
area will exceed targeted preliminary remediation goals (PRGs) (Argonne 2005). Soft data
includes aerial photographs, non-intrusive geophysics, gamma walkover surveys, anecdotal
information, and historical site/process knowledge. This information is used to create an initial
conceptual site model (ICSM). After the ICSM was entered into the BAASS software, then hard
data (site characterization results) were input, and the ICSM was updated. The results of the
BAASS model were then exported to ArcGIS [GIS software suite produced by the
Environmental Systems Research Institute (ESRI)]. The ArcGIS software was used to convert
the BAASS output into confidence contours, or 2-dimensional areas that were greater than or
equal to a certain probability of exceeding the PRGs. Table 1presents the probability contours
that were generated based upon the BAASS output.
Table 1: Probability Contours Generated by BAASS
Confidence
Level

BAASS
Probability

90%

0.1

70%
50%
30%

0.3
0.5
0.7

10%

0.9

Description
90% confidence the area includes all soil that exceeds PRGs (largest
extent)
70% confidence the area includes all soil that exceeds PRGs
50% confidence the area includes all soil that exceeds PRGs
30% confidence the area includes all soil that exceeds PRGs
10% confidence the area includes all soil that exceeds PRGs (smallest
extent)

The BAASS software simulation described above addressed only the lateral extent (i.e., the area)
of contamination based on the ICSM and site characterization data. To convert these areas to in
situ contaminated soil volumes, estimations of maximum depths of contamination that exceeded
the PRGs were applied to area results in order to calculate the 3-dimensional volume of
contaminated soil present within each area. The depth estimations were derived from site
characterization results. The USACE Buffalo District then analyzed the resulting volumes and
determined the volume most likely to be excavated. For purposes of the Feasibility Study the
50% confidence level, or 0.5 BAASS probability, contaminated soil volume was selected for use
in developing remedial alternatives and their associated cost estimates. The 50% confidence
level volume represents the risk-neutral volume estimate. The risk of encountering volumes
C-2

greater than the 50% confidence level volume is addressed via the cost estimate contingency
developed by the abbreviated Cost and Schedule Risk Analysis.
Based upon the selected confidence level volume of 50%, the in situ contaminated soil volume
was then used to develop an in situ construction soil volume. The in situ construction soil
volume estimate represents the maximum excavation footprint required to access and remove
contaminated material associated with the specified confidence interval. It includes removal of
uncontaminated overburden to access contaminated soils, and necessary safety sloping/benching
(where required) to ensure worker safety.
1.1.1

Initial Conceptual Site Model

A BAASS analysis requires developing an ICSM for the site. The ICSM captures the soft
information available for a particular area as probabilities of contamination. They present an
understanding, absent of sampling data, of where contamination is likely to be found. The
contamination probability is captured by a set of grid points overlain on the area of interest - the
probability of contamination in an ICSM can and often does vary from grid point to grid point.
In the case of the Landfill OU, a 3-meter (m) (10-foot [ft]) grid spacing was used, as shown in
Figure 1.
Information available for the Landfill OU of the Tonawanda Landfill Vicinity Property for
constructing the ICSM included a series of historical aerial photographs dating from 1927
through 2005, and gamma walkover data. The historical aerial photographs were particularly
valuable for identifying the extent of historically disturbed areas, particularly the 1951 aerial
photograph shown in Figure 2. Based on available soft information, individual grid nodes were
assigned one of the following contamination probabilities: 0, 0.05, or 0.40. In general, the
following rules were followed:




1.1.2

0.40: Soil with evidence of being disturbed (based on graded area identified in the 1951
aerial photo).
0.05: Remaining soil within the site boundary not disturbed in the 1951 aerial photo.
0.0: Grid points that were outside of the site boundary.
Data Evaluation

The data used to generate the volume estimate was compiled from two DOE and two USACE
investigations. The DOE data were from sampling conducted in 1991 as part of the radiological
survey performed by Oak Ridge National Laboratory (ORNL 1992), and additional sampling
conducted in 1994 by DOE (BNI 1995). The two USACE datasets were from sampling
conducted in 2001 as part of the RI (USACE 2005) and sampling conducted in 2010 as part of
the Phase II RI (USACE 2011). Only soil samples were included. Utilizing the Ra-226, Th-230,
and total U (or in some cases only U-238) results, a SOR was calculated for each soil sample.
The SOR was calculated using the average background values and PRGs presented in Table 2.
After subtracting average background, each radionuclide result is divided by its respective PRG.
The fractions are then summed to obtain the final SOR for each sample. A sample with an SOR
greater than one is considered to “fail” and require remediation. All sample results with a
beginning depth of 0 ft bgs, or an ending depth of 0.5 or 1 ft bgs were treated as surface soils,
C-3

and therefore used the more conservative surface soil PRGs. All others were treated as
subsurface soils and used the subsurface soil PRGs.
Where multiple samples were collected at various depths from a single location, the maximum
SOR value was used regardless of the depth at which it occurred since BAASS can only handle
one input for each unique location. USACE ensured a more conservative approach to volume
estimating in this manner. Sample locations with an SOR greater than or equal to one were
assigned a contaminant weighting of one in the BAASS software. Those with a SOR between 0.5
and 1 were assigned a value of 0.5, while those with an SOR below 0.5 were assigned a value of
0.
Table 2: PRGs for FUSRAP-Related COCs in Soil at the Landfill OU
Units

Backgrounda

Surface Soil PRGb

Ra-226

pCi/g

0.95

5

Subsurface Soil
PRGb
15

Th-230
Total uraniumc
U-238 as total U Surrogate

pCi/g
pCi/g
pCi/g

0.92
1.75
0.86

14
152
75

42
457
224

FUSRAP-related COC

a.
b.
c.

1.1.3

Average background values for the Landfill OU [Reference: Table 2-7 of the Updated BRA (USACE
2012a)]
The depth and area requirements as specified in 10 CFR Part 40 Criterion 6(6). Surface soil is defined as 015 cm [0-6 in] below ground surface. The PRGs must be achieved (on average) over a 100m2 [1,076 square
feet (ft2)] area.
Total uranium is a sum of the isotopes U-234, U-235, and U-238

Bayesian Approaches for Adaptive Spatial Sampling

BAASS requires three additional key parameters: a variogram1 function, the range for the
variogram selected, and a search neighborhood. The variogram functional form combined with
its range captures beliefs about the spatial autocorrelation present. The search neighborhood
determines which sampling locations can contribute to the updating process at any particular grid
node. The variogram functional form and range, in conjunction with the spatial pattern of
sampled locations, determines how much “weight” each sampled location has in estimating the
probability of contamination at a grid node. Bayesian updating is used to merge the ICSM
probabilities with those obtained from the indicator Kriging of the contaminated weighting
factors discussed in 1.1.1. For the Landfill OU, 61 m (200 ft) was used for both the radius of the
search neighborhood and for the range of the variogram. The functional form of the variogram
was set to exponential. After updating, areas distant from sampled locations generally have
contamination probabilities that reflect the ICSM, while densely sampled areas have probabilities
that reflect the results of sampling.

1

A variogram is a graph that characterizes the spatial continuity or roughness of a dataset.
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1.1.4

Lateral Extents

The output from BAASS was an updated probability for each grid node (i.e., the ICSM updated
with the hard data). The data was turned into a point file and projected onto the base map using
ArcGIS; the grid nodes could then be displayed such that the footprint for any given probability
could be shown. For example, all points with a probability ≥ 0.5 may be displayed as colored
dots, while all others are not displayed. This would show the footprint for the area of the site
with a BAASS probability of 0.5 or greater. To arrive at the final footprint, the grid nodes were
combined into one or more polygons, and the edges were conservatively smoothed out. Figure 3
presents a map of the Landfill OU with the BAASS 0.5 probability nodes and the resulting
contaminated soil footprint polygons.
1.1.5

Three-Dimensional Modeling

In order to generate a contamination volume, three-dimensional (3-D) modeling was conducted
using ArcGIS Spatial Analyst and 3-D Analyst Extensions. The selected probability level
contour identified by USACE (50% probability) was used as the basis for the initial in situ
contaminated soil volume (i.e., prior to excavation). The in situ soil volume was further
modified by incorporating engineering aspects of soil excavation, including safety
sloping/benching.
The in situ volume of contaminated soils was calculated by determining the “top” and “bottom”
elevation of contamination at each sampling location, deriving a topographic surface for each
boundary, and subtracting the two surfaces to determine a thickness of contamination (or define
the “lens of contamination”). The top surface of the contaminated soil lens for each sample
location was set at the minimum depth bgs at which a sample with a surface SOR greater than
one occurred; while the bottom surface of the lens was set at the maximum depth bgs at which a
sample with a subsurface SOR greater than one occurred. This also provided the approximate
depth of “clean” soil that may lay atop the contamination, which would be stockpiled and used
for excavation backfill or place back. If SOR scores greater than one were separated vertically by
one or more acceptable samples, the deepest elevated sample was used to vertically bound the
extent of FUSRAP-related contamination.
These bounding values were then used to generate a 3-D surface utilizing ArcGIS 3-D Analyst to
represent the simulated top and bottom of the soil contamination. The volume of each area of
excavation was generated by calculating the difference (thickness) between the bottom and top
of contamination within ArcGIS for each area.
The in situ construction volume, or final excavation footprint, was then developed by
determining the volume of potentially uncontaminated overburden soils lying above the
contaminated soil lens, and cutback soils around the perimeter of the contaminated soil footprint
generated by necessary safety sloping/benching excavation requirements. The overburden soil
volume was determined by calculating the thickness between the current topographic surface of
the landfill and the top surface of the contaminated soil lens. The cutback soil volume was
determined by calculating necessary safety side slopes, based on a 2:1 horizontal to vertical
slope, for all portions of the contaminated soil footprint greater than five feet in depth, per the
USACE Safety and Health Requirements Manual (USACE 2008). Adding the in situ overburden
C-9

and cutback soil volumes to the in situ contaminated soil volume yields the total in situ
construction soil volume.
The final volume resulting from this process represents the best engineering estimate of both the
in situ contaminated and in situ construction volumes of soil generated during excavation
activities for Feasibility Study remedial alternatives. Because the final excavation footprint areas
include engineering aspects of the excavation process, the associated areas (and therefore
volumes) are larger than the in situ contaminated volumes.
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1.2

Results

The soil contamination footprint derived from the 50% confidence level (0.5 probability)
exceedance of SOR shows three distinct areas of soil contamination with FUSRAP-related COCs
in excess of PRGs. These areas, designated as Areas A, B, and C, are described below and
illustrated in Figure 4, and are generally located in the northwestern most portion of the Landfill
OU with impacted soil depths varying between 2 and 24 feet bgs. The current modeled
contaminated soil footprint represents the best estimate of contamination and does not extend
under the current capped area of the landfill.
Area A is the northeastern most soil contamination footprint on the Landfill OU of the
Tonawanda Landfill Vicinity Property, and is comprised mostly of field grasses with some small
trees. There is relatively little surface water flow through the area. Area A is approximately
1,017 m2 (10,951 ft2) or 0.25 acres in size and approximately 0.6 m (2 ft) deep. Cross-sections of
Area A (F-F’) can be found in Figures 5 and 7.
Area B is a soil contamination footprint located between Areas A and C. Area B contains willow
and poplar trees and exhibits uranium contaminated surface water that flows from the area.
There is an abundance of wetland plants and field grasses. Area B is approximately 5,408 m2
(58,216 ft2) or 1.34 acres in size and approximately 7.6 m (25 ft) deep. Cross-sections of Area B
(A-A’, B-B’, C-C’, D-D’, and G-G’) can be found in Figures 5, 6 and 7.
Area C is the southwestern most soil contamination footprint on the Landfill OU of the
Tonawanda Landfill Vicinity Property. Area C contains relatively little surface water and is
vegetated by field grasses. Area C is approximately 1,498 m2 (16,119 ft2) or 0.37 acres in size
and approximately 7.6 m (25 ft) deep. Cross-sections of Area C (E-E’) can be found in Figures 5
and 7. Cross-section H-H’ in Figures 5 and 7 represents subsurface conditions across Areas A, B
and C.
Table 3 summarizes in situ and ex situ contaminated soil volume estimates for each of the three
soil contamination footprints at the Landfill OU of the Tonawanda Landfill Vicinity Property.
Table 3: Contaminated Soil Volume Estimate for the Landfill OU
Areaa
A
B
C
Total

In Situ Contaminated
Soil Volume (yd3)b
401
13,376
1,237
15,014

a.
b.

Ex Situ Contaminated
Soil Volume (yd3)c
521
17,389
1,608
19,518

Designated areas represent contaminated soil footprints as illustrated in Figure C-4.
In situ contaminated soil volume estimates were developed using the methodology discussed in Section 2.3.
c. Ex situ contaminated soil volume estimates assumed a 1.3 times bulking factor from the in situ volume
estimate to account for the increase in volume when naturally compacted soil is excavated.
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Appendix D
Detailed Cost Estimates for the Feasibility Study for the Landfill
Operable Unit of the Tonawanda Landfill Vicinity Property
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TOWN OF TONAWANDA LANDFILL
Remedial Alternative 2 – Single‐layer Capping of FUSRAP‐related Material
Current Working Estimate of Construction Costs (FY15‐0)
Basis of Cost Estimate

Alternative 2 combines the installation and maintenance of a single‐layer cap (see Figure 1)
with land‐use controls and environmental monitoring. Impacted soil exceeding the
remediation goals would be covered in place by a low permeability single‐layer cap. The cap
would function as a barrier to reduce potential radiation exposure to site workers and the
public. In addition, the cap would restrict the migration of contaminants through dispersion
and through transport by infiltrating precipitation. Land use controls, including prohibitions to
excavation and building construction would be utilized. A 1,000‐year post‐closure monitoring
and maintenance program is also included in this alternative.
HTRW REMEDIAL ACTION (CONSTRUCT) (WBS 331XX)
Mobilization and Preparatory Work (WBS 331XX01)
This item includes the following activities:




Mobilization of Construction Equipment and Facilities
Submittals / Implementation Plans
Setup / Construct Temporary Facilities

Mobilization of Construction Equipment and Facilities ‐ This activity includes the transport,
initial assembly and setup of construction equipment prior to project startup. Work associated
with mobilization will include preparation of equipment for transport, equipment
transportation and setup, drivers and equipment operators.
Submittals / Implementation Plans ‐ This activity includes the work incurred prior to, and
during, remedial action for obtaining all necessary plans. The plans included are:







Accident Prevention Plan (APP) / Site Safety and Health Plan (SSHP)
General Site Work Plan
Construction Quality Control Plan
Emergency Plan
Sampling and Analysis Plan
Radiation Protection Plan
1

D-3





Final Status Survey Plan
Communications Plan
Landfill Final Cover Design, Plans & Specifications

Each of these plans will be prepared by competent project technical personnel and subject
matter experts. A draft of each plan will undergo an internal independent technical review
prior to submittal to the USACE. Responses to USACE (and other government agencies) review
comments will be formulated and incorporated into the final plans.
Setup / Construct Temporary Facilities ‐ This activity includes procurement, setup, and
construction of office trailers, storage areas, access roads, and other temporary facilities. The
facilities included are:









Contractor & Subcontractor Office Trailer
Storage Facilities
Lunch / Break Trailer (Craft Labor)
Portable Toilets
USACE Office Trailer
Aggregate Surfacing of existing site haul road
Project Signs
Erosion Control

The overall estimated duration for Mobilization and Preparatory Work (WBS 331XX01) is 30
weeks.
Monitoring, Sampling, Testing, and Analysis (WBS 331XX02)
This item includes the following activities:









Meteorological Monitoring
Radiation Monitoring
Air Monitoring and Sampling
Sampling Surface Water / Ground Water
Sampling Soil and Sediment
Laboratory Chemical Analysis
Radioactive Waste Analysis
Geotechnical Testing

Meteorological Monitoring ‐ This activity includes the procurement, setup, testing, and
operation of a meteorological station on the project site. These activities will be performed
from site mobilization through completion of site demobilization.
2
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Radiation Monitoring ‐ This activity includes the following radiological control (RADCON) crews
performing the indicated radiological monitoring activities:

RADCON Crew
RADCON Crew ‐ Baseline
RADCON Crew ‐ Excavation
RADCON Crew
Outgoing

‐

Monitoring Activity
Establish Radiological Controls / Initial Baseline Surveys
Site Work
Capping of Contaminated Area
/ Incoming Construction Equipment
Outgoing Construction Equipment
Incoming Construction Materials

Incoming

The composition of the RADCON Crews is as follows:
RADCON Crew
Baseline

Excavation

Incoming / Outgoing

Personnel
(1) Senior Radiation Tech, (3)
Radiation Technicians, (1/2)
Certified Health Physicist
(1) Senior Radiation Tech, (1)
Radiation Technician

(1) Radiation Technician

Equipment
(2) Ludlum 2221, (2) Ludlum 44‐
10, (1) Bicron Micro Rem Meter,
(1) Trimble GPS
(2) Ludlum 2221, (2) Ludlum 44‐
10, (1) Ludlum 14C, (2) Ludlum
44‐9, (1) Ludlum 177‐61, (1)
Bicron Micro Rem Meter, (1)
Trimble GPS, (4) F&J LV‐1 Low
Volume, (2) F&J LV‐14M
Breathing Zone LV Air Sampler.
(2)
Ludlum
Model
2221
Scaler/Ratemeter,
Ludlum
Model 177‐61 Alarm Ratemeter,
(1) Ludlum Model 44‐9 Pancake
G‐M Detector

Air Monitoring and Sampling ‐ This activity includes the following:



Perimeter Air Monitoring
Work Area Air Monitoring

Perimeter Air Monitoring consists of installation and operation of seven (7) real‐time dust
monitors around the project perimeter, and one (1) installed off‐site (background). Filters will
be collected from these monitors on a weekly basis during site operations.
Work Area Air Monitoring consists of installation and operation of three (3) real‐time dust
monitors at the active site work location. Filters will be collected from these monitors on a

3
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daily basis during site operations. These activities will begin at the start of Mobilization and
Preparatory Work, and conclude at the completion of demobilization.
Sampling Surface Water / Groundwater – This activity includes weekly sampling of surface
water from one (1) surface water ditch for off‐site chemical and radiological laboratory analysis.
Surface water sampling and analysis will begin at the start of Mobilization and Preparatory
Work, and conclude at the completion of Demobilization.
Sampling Soil and Sediment ‐ This activity includes soil sample retrieval and shipping to the
laboratory for the following soils:





Off‐site Subgrade Fill
Off‐site Barrier Protection Soil
Off‐site Topsoil
Final Status Survey – Rest of Site

Off‐site subgrade fill, barrier protection soil and topsoil sampling activities are supporting a
landfill cap construction activity. The duration of each soil sampling activity is dependent on
the duration of the associated construction activity.
Final Status Survey confirmatory sampling will be conducted in accessible areas of the landfill
property, outside of the final designed cap footprint. This sampling would confirm that soils
with FUSRAP‐related COCs exceeding the PRGs will be contained within the cap. These final
status surveys will be performed in accessible, uncapped portions of the landfill outside the
design limits of the final cap using the MARSSIM statistical sampling approach to address
radiological constituents.
Laboratory Chemical Analysis ‐ This activity includes chemical analysis of the following:



General Water Quality and Wastewater Analysis (Surface Water)
Soil and Sediment Analysis (Off‐site Subgrade fill, Barrier Protection Soil and Topsoil)

The duration of this analytical activity is dependent on the duration of the remedial action
activities that the analytical activity is supporting.
Radioactive Waste Analysis ‐ This activity includes the following:




Weekly composite of the filters from each perimeter air monitoring location will be sent
to an off‐site laboratory and analyzed for total particulate, PM10, radium, uranium, and
thorium.
Filters from work area air monitors will be sent to an off‐site laboratory on a daily basis
and analyzed for total particulate, PM10, radium, uranium, and thorium.
.
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Weekly surface water samples will be analyzed for radium, thorium and uranium.



Off‐site Subgrade fill, Barrier Protection Soil and Topsoil will be analyzed for:
o Uranium
o Radium 226
o Thorium



Final Status Survey confirmatory samples will be analyzed for:
o Uranium
o Radium 226
o Thorium

The duration of these analytical activities is dependent on the duration of the construction
activities that the analytical activity is supporting. Analysis of Final Status Survey confirmatory
samples will take place following construction of the single‐layer cap.
Geotechnical Testing ‐ This activity includes the following:


Classification:
o Off‐site Subgrade fill
o Off‐site Barrier Protection Soil
o Off‐site Topsoil



Compaction:
o Off‐site Subgrade fill
o Off‐site Barrier Protection Soil

The duration of these geotechnical testing activities is dependent on the duration of the
construction activities that the testing activity is supporting.
The overall estimated duration for Monitoring, Sampling, Testing and Analysis (WBS 331XX02) is
24 weeks.
Sitework (WBS 331XX03)
This item includes the following:




Clearing and grubbing the area where the final cover will be constructed
Spreading, compaction and grading of off‐site unclassified fill as subgrade over the
waste
Proof rolling the areas where the final cover will be constructed.

The overall estimated duration for Sitework (WBS 331XX03) is six (6) weeks.
5
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Surface Water Collection and Control (WBS 331XX05)
This item includes maintenance/ replacement of sediment barriers / silt fences on the project
site. The overall estimated duration for Surface Water Collection and Control (WBS 331XX05)
is 20 weeks.
Solids Collection and Containment (WBS 331XX08)
This item includes the following activities related to construction of the landfill final cover:





Gas Vent Pipes
Barrier Protection Layer
Seeding / Mulch / Fertilizer
Soil / Topsoil Cover Layer

It is assumed that the FUSRAP contaminated material identified outside of the currently capped
areas of the landfill at the Town of Tonawanda Landfill Site would be capped by USACE using a
single‐layer cap. This single‐layer cap system is comprised of, from lowest elevation to highest:




6‐inch Subgrade Layer
24‐inch Barrier Protection Soil Layer
6‐inch Vegetative Soil Layer.

The overall estimated duration for Solids Collection and Containment (WBS 331XX08) is 12
weeks.
Demobilization (331XX21)
This item includes the following activities:




Removal of Temporary Facilities
Demobilization of Construction Equipment and Facilities
Submittals

Removal of Temporary Facilities – This activity includes demobilization and dismantling of office
trailers, storage, and other temporary facilities. The facilities included are:





Contractor & Subcontractor Office Trailer
Storage Facilities
Lunch / Break Trailer (Craft Labor)
Portable Toilets
6
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USACE Office Trailer
Project Signs
Erosion Control

Demobilization of Construction Equipment and Facilities ‐ This activity includes the disassembly,
takedown, and transport of construction equipment at the conclusion of project activities.
Work associated with demobilization will include preparation of equipment for transport,
equipment transportation, drivers and equipment operators.
Submittals – This activity includes preparation of a Construction Documentation Report which
will include, at a minimum, all final reports, punch lists, project acceptance, final QA/QC reports
and As‐Built Drawings. The Construction Documentation Report will be prepared by competent
project technical personnel and subject matter experts. A draft of the report will undergo an
internal independent technical review prior to submittal to the USACE. Responses to USACE
(and other government agencies) review comments will be formulated and incorporated into
the final report. The estimated duration for this activity is 6 months.
The overall estimated duration for Demobilization (WBS 331XX21) is 29 weeks.
General Requirements (331XX22)
This item includes the following activities:
 Supervision and Management
 Engineering, Surveying, and Quality Control
 First Aid, Fire Protection, and Traffic Control
 Health & Safety
 Temporary Construction Facilities – Ownership
 Temporary Construction Facilities – Operation
 Project Utilities
Supervision and Management – Assume the following personnel, and associated vehicles, travel
and per diem:





Program Manager (1/4 time, located in the home office)
Project Manager (1/2 time, located in the home office , 2 trips to project site during
construction, per diem, vehicle)
Site Superintendent (On‐site full time, 1 trip home/month, per diem, vehicle)
Clerk (On‐site full time, local hire)

Engineering, Surveying, and Quality Control ‐ Assume the following personnel, and associated
vehicles, travel and per diem:
7
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Project Engineer (On‐site full time, local hire)
Surveyors (On‐site ¼ time, i.e., 44 hours/month; local hire/subcontractor)
Quality Control Engineer (On‐site full time, local hire)

First Aid, Fire Protection, Traffic Control, and Security ‐ Assume the following personnel, and
associated vehicles:



Water Truck w/ Driver (On‐site full time, local hire)
Watchmen and Guards (Guard, local hire, will be present at the site during non‐working
hours (i.e., two 8‐hour shifts, Monday ‐ Friday; three 8‐hour shifts, Saturday & Sunday),
for a total of 128 hours / week).

Health & Safety ‐ Assume the following personnel, and associated vehicles, travel and per diem:



Site Safety & Health Officer (On‐site full time, 1 trip home/mo., per diem, vehicle)
Radiation Safety Officer (On‐site full time, 1 trip home/mo., per diem, vehicle)

Health & Safety also includes the following:





Health and Safety Training ‐ Includes 29 CFR 1926.65 HAZWOPER Training (40 hours
plus 3 days of onsite training); DOE 10 CFR 835 Training (8 hours); Site‐specific Safety
Training (8 hours)
Health and Safety Medical Exams – Includes Entry Physical, Exit Physical,
Personal Protective Equipment (PPE) – Level D, Level C, Level B PPE as required by site
conditions.

Temporary Construction Facilities – Ownership – Assume monthly rental expenses for the
following:






Contractor & Subcontractor Office Trailer
Storage Facilities
Lunch / Break Trailer (Craft Labor)
Portable Toilets
USACE Office Trailer

Temporary Construction Facilities Operation – Assume the following monthly operating
expenses:



Janitors and Cleaning Services – Clean office trailers on a weekly basis
Haul Road Maintenance

Project Utilities ‐ Assume the following monthly project site utility expenses:
8
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Telephone
Electricity
Water
Internet

The overall estimated duration for General Requirements (WBS 331XX22) is 24 weeks.
SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT (WBS 333XX)
USACE Labor & Contracts (WBS 331XX01)
This item includes USACE labor and contracts for supervision, administration and construction
management during the implementation of the remedial action, from start of Mobilization and
Preparatory Work to completion of Demobilization. The estimated level of effort for this item
was provided by CELRB‐PM‐SPF (
). The overall estimated duration for Supervision &
Administration (S&A) Construction Management (WBS 333XX) is 76 weeks.
HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES (WBS 34XXX)
FISCAL / FINANCIAL CLOSEOOUT ACTIVITIES (WBS 341XX)
USACE Labor & Contracts (WBS 341XX01)
This item includes USACE labor and contracts for post remedial action closeout activities. The
estimated level of effort for this item was provided by CELRB‐PM‐SPF
The overall
estimated duration for Fiscal / Financial Closeout Activities (WBS 341XX) is 24 months.
HTRW OPERATION AND MAINTENANCE (POST CONSTRUCTION) (WBS 342XX)
It is assumed that post‐remediation program consisting of environmental monitoring and site
maintenance will be implemented for a period of one thousand (1,000) years after this
alternative is implemented.
Mobilization and Preparatory Work (WBS 342XX01)
This item includes the transport, initial assembly and setup of construction equipment prior to
project startup. Work associated with mobilization will include preparation of equipment for
transport, equipment transportation and setup, drivers and equipment operators.
This item also includes preparation of an Operations and Maintenance Plan to be followed
during the 1,000‐year post‐remediation environmental monitoring and site maintenance
program. The Operations and Maintenance Plan will be prepared by competent project
9
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technical personnel and subject matter experts. A draft of the plan will undergo an internal
independent technical review prior to submittal to the USACE. Responses to USACE (and other
government agencies) review comments will be formulated and incorporated into the final
plan.
This item also includes preparation and negotiation of an environmental easement with the
property owner to implement or continue necessary land‐use controls to prevent future land
uses or activities on the site that would be incompatible with or compromise the remedy.
Monitoring, Sampling, Testing, and Analysis (WBS 342XX02)
This item includes the following activities:







Air Monitoring and Sampling
Sampling Soil and Sediment
Laboratory Chemical Analysis
Radioactive Waste Analysis
Geotechnical Testing
Annual Site Inspection

Air Monitoring and Sampling – This activity includes annual sampling of an estimated 16
locations on the project site for Radon.
Sampling Soil and Sediment – This activity includes sampling off‐site topsoil to be used for
maintenance / repairs to the single‐layer cap vegetative soil.
Laboratory Chemical Analysis ‐ This activity includes chemical analysis of off‐site topsoil to be
used for maintenance / repairs to the single‐layer cap vegetative soil.
Radioactive Waste Analysis – This activity includes radiological analysis of off‐site topsoil to be
used for maintenance / repairs to the single‐layer cap vegetative soil.
Geotechnical Testing – This activity includes geotechnical testing of off‐site topsoil to be used
for maintenance / repairs to the single‐layer cap vegetative soil.
Annual Site Inspection – This activity includes an annual inspection of the landfill final cover
system. It is assumed that this inspection will be performed by a Project Engineer and a
Construction Inspector.
The overall estimated duration for Monitoring, Sampling, Testing, and Analysis (WBS 342XX02)
is 1,000 years.

10
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Solids Collection and Containment (WBS 342XX08)
This item includes the following activities related to construction of the landfill final cover:




Gas Vent Pipes
Seeding / Mulch / Fertilizer
Soil / Topsoil Cover Layer

Gas Vent Pipes – This activity includes replacement of one (1) gas vent each year.
Seeding / Mulch / Fetilizer ‐ Assume that estimated annual erosion (34.3 BCY) will be localized
resulting in loss of 1/2 of the 0.5 FT thick vegetative soil cover layer (topsoil). 34.3 BCY x 27
CF/CY = 926.1 CF / 0.25 FT = 3,704 SF.
Soil / Topsoil Cover Layer ‐ Using the RESRAD default value for the annual average erosion rate
for the cover of 0.001 M/YR (0.0033 FT/YR), and the estimated cover area of 6.45 Acres, the
estimated annual average erosion from the cover is: 0.0033 FT x 6.45 Acres x 43,560 SF/Acre =
927.2 CF / 27 CF/CY = 34.3 BCY. Assume soil bulking factor ("swell") of 30% from BCY to LCY.
34.3 BCY x 1.3 = 44.6 LCY.
The overall estimated duration for Solids Collection and Containment (WBS 342XX08) is 1,000
years.
General Requirements (WBS 342XX22)
This item includes the following activities:




Supervision and Management
Miscellaneous Project Expenses
Five‐Year Review

Supervision and Management – Assume that a Project Manager will work on the project an
average of 10 hours per month.
Miscellaneous Project Expenses – This activity includes grass mowing based on mowing 6.45
acres of grass six (6) times per year, on average.
Five‐Year Review – This activity includes performance by competent project technical personnel
of a five‐year review process addressing the following components:




Work Plan
Community involvement and notification
Document review
11
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Data review and analysis
Site inspection
Interviews
Protectiveness determination
Preparation of Five‐Year CERCLA review Report
Status Meetings and Progress Reports

A draft of the five‐year review findings report will undergo an internal independent technical
review prior to submittal to the USACE. Responses to USACE (and other government agencies)
review comments will be formulated and incorporated into the final report.
The overall estimated duration for General Requirements (WBS 342XX22) is 1,000 years.
Contractor Assignment and Mark‐ups
Assume that a Prime Contractor will self‐perform all work except CERCLA Five‐Year Reviews.
Assume that CERCLA Five‐Year Reviews will be performed by and Architect – Engineer (A/E)
firm.
Assume that reasonable mark‐ups for the Prime Contractor are: Home Office Overhead 15%,
Profit 8%, and Bond 1.0%.
Assume that reasonable mark‐ups for the CERCLA Five‐Year Review A/E firm are: Home Office
Overhead / G&A 55% and Profit 10%.
Sales Tax
An 8.75% New York Sales Tax is applied to materials.
Escalation
Because this CWE will serve as the basis for a Cost and Schedule Risk Analysis, escalation has
not been applied.
Present Value Analysis
Remedial action projects typically involve construction costs that are expended at the beginning
of a project (capital costs) and costs in subsequent years (operation and maintenance and
periodic costs). Present value (PV) analysis is a method to evaluate expenditures which occur
over different periods of time. This standard methodology allows for cost comparisons of
different remedial alternatives on the basis of a single cost figure for each alternative. This
12
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single value, referred to as the present value, is the amount needed to be set aside at the initial
point in time (base year) to assure that funds will be available in the future as they are needed.
PV analysis uses a discount rate and period of analysis to calculate the PV of each expenditure.
Discount Rate
A discount rate is the difference between interest and inflation rates. When inflation is
neglected, the discount rate is simply an interest rate, and is used to account for the time value
of money. A dollar is worth more today than in the future because, if invested today, the dollar
would earn interest. The choice of a discount rate is important because the selected rate
directly impacts the present value of a cost estimate, which is then used in making a remedy
selection decision.
Based on guidance provided by Huntsville Center – Programs & Planning Branch (28Mar13
email,
; Subject: Request Direction on Interest / Discount Rates for Present
Value Calculations of O&M Costs on FUSRAP Projects) the “Consumer Price Index, All Urban
Consumers, U.S. city average, for All Items” average annual percentage change from 1913 to
present was selected because “For a government project, particularly an O&M exercise, your
discount rate need only control for the long term tendency of costs of labor and materials to
rise over time. In other words, the discount rate and the inflation rate should be about equal.
The inflation statistic with the longest period of actual data collection is the Bureau of Labor
Statistic's Consumer Price Index (CPI) with approximately 100 years worth of data points. While
the CPI is not construction specific its long life has an advantage. Theoretically you could argue
that use of this statistic account for all events affecting inflation with a probability of occurring
in the next 100 years (the wars, the recessions, depressions, etc.) and you need only worry
about those events which occur at frequency of less than once every 100 years (nuclear war,
global pandemics, global warming and other unknowns and unknowable unknowns).” The
average annual percentage change from 1913 to present for this index was calculated to be
3.33%.
Present Value
The present value of a single periodic future payment is calculated using the following
equation:

Where:
PV = Present value
13
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xt = Payment in year t (t = 0 for present or base year)
i = Discount factor
t = Number of years following construction that expenditure occur
The PV of a series of equal annual future payments such as annual O&M payments is calculated
using the following equation:

Where:
PV = Present value
xt = Payment in year t (t = 0 for present or base year)
i = Discount factor
t = Number of years following construction that expenditure occur
MII does not support present value calculations. Therefore, for presentation purposes in the
MII cost estimate report, a Miscellaneous Owner Cost mark‐up titled “Present Value” was
applied to the annual O&M cost elements to result in a Project Cost that accurately depicts the
Present Value of the annual O&M cost elements over the 1,000 year O&M period. For i =
3.33%, the numerical value used for this mark‐up in the MII cost estimate is 2930.30.
For the CERCLA Five‐Year Reviews, the present value for each of 200 five‐year reviews was
calculated as above. MII does not support present value calculations. Therefore, for
presentation purposes in the MII cost estimate, a Miscellaneous Owner Cost mark‐up titled
“Present Value” was applied to the Five‐Year Review cost elements over the 1,000 year O&M
period. For i = 3.33%, the numerical value used for this mark‐up in the MII cost estimate is
467.36. This value was used so that the resulting MII O&M Project Costs accurately reflect the
present value calculation.
Project Schedule
Based on estimated durations of the project WBS items and assumed predecessor / successor
relationships between the items, a draft project schedule was prepared. This schedule is based
on mobilizing to the project site and working until project completion. No allowance has been
made in the schedule or the CWE for interim demobilization / remobilization, seasonal project
shut‐down, or facility winterization. Based on these assumptions, the estimated overall project
remedial action construction duration is 76 weeks. Please see Figure 1 for the project schedule.
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It is assumed that post–remediation operations and maintenance activities will continue for
one thousand (1,000) calendar years following completion of remedial action construction
activities.
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Figures
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Figure 1
Town of Tonawanda Landfill
Single-layer
Single
layer Capping System
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TOWN OF TONAWANDA LANDFILL FUSRAP PROJECT
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Remedial Alternative 2 - Single-layer Capping of FUSRAP-related Material
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Alternative 2 – Detailed Cost Estimate
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Description

Labor ID: NLS2010 EQ ID: EP14R01

Currency in US dollars

Standard Corps Reports

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

Quantity UOM

U.S. Army Corps of Engineers
Project : TTLF FS Alt 2 Single-layer Capping of FUSRAP-related Material CWE (FY15-0) MII4-2B3

Project Cost
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts
342XX HTRW OPERATION AND MAINTENANCE (POST CONSTRUCTION)
342XX01 Mobilization and Preparatory Work
342XX02 Monitoring, Sampling, Testing, and Analysis
342XX08 Solids Collection and Containment
342XX22 General Requirements

Print Date Thu 23 July 2015
Eff. Date 2/18/2015

2,075,395
0
0
0
0
0
0
0
0
0
0
0
2,075,395
0
0
2,075,395
70,212
220,863
243,390
1,540,930

Present
Value Adj

9,764,426
6,421,195
4,231,195
335,922
722,750
332,920
32,832
1,442,126
49,468
1,315,178
2,190,000
2,190,000
3,343,231
1,000,000
1,000,000
2,343,231
104,523
228,400
251,696
1,758,612

ProjectCost

TRACES MII Version 4.2

7,689,030
6,421,195
4,231,195
335,922
722,750
332,920
32,832
1,442,126
49,468
1,315,178
2,190,000
2,190,000
1,267,836
1,000,000
1,000,000
267,836
34,311
7,537
8,306
217,682

ContractCost

Project Cost Page 1

Time 13:53:11
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Description

Labor ID: NLS2010 EQ ID: EP14R01

1.00 EA
1.00 EA
1.00 EA

Currency in US dollars

148,767
27,352
6,009
6,621
108,785

1,148,767
1,000,000
1,000,000

1.00 EA
1.00 EA

EA
EA
EA
EA
EA

2,190,000
2,190,000

EA
EA
EA
EA
EA
EA
EA
EA
EA

1.00
1.00
1.00
1.00
1.00

6,711,796
5,563,029
3,373,029
267,791
576,162
265,397
26,173
1,149,636
39,435
1,048,435

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Quantity UOM DirectCost

Standard Corps Reports

64,746
0
0
0
64,746

64,746
0
0

0
0

64,746
0
0
0
0
0
0
0
0
0

SubCMU

213,514
27,352
6,009
6,621
173,532

213,514
0
0

0
0

3,586,542
3,373,029
3,373,029
267,791
576,162
265,397
26,173
1,149,636
39,435
1,048,435

CostToPrime

32,027
4,103
901
993
26,030

32,027
0
0

0
0

537,981
505,954
505,954
40,169
86,424
39,810
3,926
172,445
5,915
157,265

HOOH_PRM

U.S. Army Corps of Engineers
Project : TTLF FS Alt 2 Single-layer Capping of FUSRAP-related Material CWE (FY15-0) MII4-2B3

Project Indirect Summary
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT
ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts
342XX HTRW OPERATION AND MAINTENANCE (POST
CONSTRUCTION)
342XX01 Mobilization and Preparatory Work
342XX02 Monitoring, Sampling, Testing, and Analysis
342XX08 Solids Collection and Containment
342XX22 General Requirements

Print Date Thu 23 July 2015
Eff. Date 2/18/2015

2,652
340
75
82
2,155

2,652
0
0

0
0

44,545
41,893
41,893
3,326
7,156
3,296
325
14,278
490
13,022

Bond_PRM

267,836
34,311
7,537
8,306
217,682

1,267,836
1,000,000
1,000,000

2,190,000
2,190,000

7,689,030
6,421,195
4,231,195
335,922
722,750
332,920
32,832
1,442,126
49,468
1,315,178

ContractCost

TRACES MII Version 4.2

19,643
2,516
553
609
15,965

19,643
0
0

0
0

329,962
310,319
310,319
24,637
53,007
24,417
2,408
105,766
3,628
96,456

Profit_PRM

Project Indirect Summary Page 2

Time 13:53:11
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Description

Standard Corps Reports

Labor ID: NLS2010 EQ ID: EP14R01

Currency in US dollars

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

Quantity UOM
4,575,895
3,448,157
1,258,157
200,371
106,596
40,270
15,139
89,534
28,662
777,583
2,190,000
2,190,000
1,127,738
1,000,000
1,000,000
127,738
24,284
2,895
2,373
98,186

DirectLabor
249,128
242,678
242,678
12,528
6,707
41,231
2,011
91,807
6,502
81,892
0
0
6,451
0
0
6,451
2,508
0
2,376
1,567

DirectEQ

U.S. Army Corps of Engineers
Project : TTLF FS Alt 2 Single-layer Capping of FUSRAP-related Material CWE (FY15-0) MII4-2B3

Project Direct Summary
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts
342XX HTRW OPERATION AND MAINTENANCE (POST CONSTRUCTION)
342XX01 Mobilization and Preparatory Work
342XX02 Monitoring, Sampling, Testing, and Analysis
342XX08 Solids Collection and Containment
342XX22 General Requirements

Print Date Thu 23 July 2015
Eff. Date 2/18/2015

604,220
601,107
601,107
266
443,878
0
0
0
266
156,698
0
0
3,113
0
0
3,113
0
3,113
0
0

DirectSubBid

TRACES MII Version 4.2

1,282,553
1,271,088
1,271,088
54,626
18,981
183,896
9,022
968,294
4,005
32,263
0
0
11,465
0
0
11,465
560
0
1,872
9,033

DirectMatl

6,711,796
5,563,029
3,373,029
267,791
576,162
265,397
26,173
1,149,636
39,435
1,048,435
2,190,000
2,190,000
1,148,767
1,000,000
1,000,000
148,767
27,352
6,009
6,621
108,785

DirectCost

Project Direct Summary Page 3

Time 13:53:11
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14 341 FISCAL / FINANCIAL CLOSEOUT ACTIVITIES

13

Real Estate
Total Construction Estimate
Total Operations & Maintenance Estimate
Total Supervision & Administration (S&A) Construction Management
Total Post Construction Closeout Activities
Total

Totals

34101 USACE Labor & Contracts

33301 USACE Labor & Contracts

Remaining Construction Items

34222 General Requirements

10

333 SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT

34208 Solids Collection and Containment

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

9

12

34202 Monitoring, Sampling, Testing and Analysis

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

8

$

33122 General Requirements

6 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

$
$
$
$
$
$

$

$

$

$

$

$

$

$

33121 Demobilization

5 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

34201 Mobilization and Preparatory Work

$

33108 Solids Collection and Containment

4 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

$

33103 Site Work

3 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

7

$

33102 Monitoring, Sampling, Testing and Analysis

2 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

$

33101 Mobilization & Preparatory Work

Feature of Work

1 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

HTRW RA WBS

Total Construction Contract Cost = $

4,231,196
76,386
2,190,000
1,000,000
7,497,582

1,000,000

2,190,000

32,832

60,543

8,306

7,537

-

1,315,178

49,468

1,442,126

332,920

722,750

335,922

Contract Cost

4,231,196

0.8%

0.00%
9.32%
7.20%
7.00%
7.00%

7.00%

7.00%

7.00%

7.00%

8.82%

7.00%

0.00%

11.28%

7.00%

9.37%

9.37%

7.00%

7.00%

% Contingency

Project (less than $40M): Tonawanda Landfill FS Alt. 2: Single-layer Capping of FUSRAP-related Material - Annual O&M
Project Development Stage: Feasibility (Alternatives)
Risk Category: Moderate Risk: Typical Project or Possible Life Safety

Abbreviated Risk Analysis

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

394,503
5,498
153,300
70,000
623,301

70,000

153,300

2,298

4,238

733

528

-

148,288

3,463

135,148

31,199

50,593

23,515

$ Contingency

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

4,625,699
81,884
2,343,300
1,070,000
8,120,883

1,070,000.00

2,343,300.00

35,130.24

64,780.80

9,038.64

8,064.59

-

1,463,465.56

52,930.76

1,577,273.98

364,119.40

773,342.50

359,436.54

Total

D-27

14 341 FISCAL / FINANCIAL CLOSEOUT ACTIVITIES

13

Real Estate
Total Construction Estimate
Total Operations & Maintenance Estimate
Total Supervision & Administration (S&A) Construction Management
Total Post Construction Closeout Activities
Total

Totals

34101 USACE Labor & Contracts

33301 USACE Labor & Contracts

Remaining Construction Items

34222 General Requirements

10

333 SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT

34208 Solids Collection and Containment

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

9

12

34202 Monitoring, Sampling, Testing and Analysis

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

8

$

33122 General Requirements

6 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

$
$
$
$
$
$

$

$

$

$

$

$

$

$

33121 Demobilization

5 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

34201 Mobilization and Preparatory Work

$

33108 Solids Collection and Containment

4 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

$

33103 Site Work

3 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

7

$

33102 Monitoring, Sampling, Testing and Analysis

2 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

$

33101 Mobilization & Preparatory Work

Feature of Work

1 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

HTRW RA WBS

Total Construction Contract Cost = $

4,231,196
2,343,231
2,190,000
1,000,000
9,764,427

1,000,000

2,190,000

32,832

1,758,612

251,696

228,400

104,523

1,315,178

49,468

1,442,126

332,920

722,750

335,922

Contract Cost

4,231,196

0.5%

0.00%
9.32%
7.20%
7.00%
7.00%

7.00%

7.00%

7.00%

7.00%

8.82%

7.00%

7.00%

11.28%

7.00%

9.37%

9.37%

7.00%

7.00%

% Contingency

Project (less than $40M): Tonawanda Landfill FS Alt. 2: Single-layer Capping of FUSRAP-related Material - Present Worth
Project Development Stage: Feasibility (Alternatives)
Risk Category: Moderate Risk: Typical Project or Possible Life Safety

Abbreviated Risk Analysis

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

394,503
168,608
153,300
70,000
786,411

70,000

153,300

2,298

123,103

22,201

15,988

7,317

148,288

3,463

135,148

31,199

50,593

23,515

$ Contingency

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

4,625,699
2,511,839
2,343,300
1,070,000
10,550,838

1,070,000.00

2,343,300.00

35,130.24

1,881,714.84

273,897.01

244,388.00

111,839.61

1,463,465.56

52,930.76

1,577,273.98

364,119.40

773,342.50

359,436.54

Total

Alternative 3 – Basis of Cost Estimate
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TOWN OF TONAWANDA LANDFILL FUSRAP PROJECT
Remedial Alternative 3 – Targeted Shallow Removal and Off‐site Disposal of
FUSRAP‐related Material
Current Working Estimate of Construction Costs (FY15‐0)
Basis of Cost Estimate

Alternative 3 consists of the targeted shallow removal of impacted soil with FUSRAP‐related
constituents of concern (COCs) exceeding preliminary remediation goals (PRGs) within the first
five (5) feet below ground surface and transportation off site for disposal in a facility permitted
to receive such materials. Excavated areas would be backfilled and restored to their current
existing grade. This alternative would require close coordination of remediation and
monitoring activities with the landowner to minimize the health and safety risks to on‐site
personnel and to minimize disruption to their activities. Land‐use controls, including
prohibitions on excavation and building construction would be utilized. This alternative
includes five‐year reviews over a 1,000‐year post‐completion monitoring period.
HTRW REMEDIAL ACTION (CONSTRUCT) (WBS 331XX)
Mobilization and Preparatory Work (WBS 331XX01)
This item includes the following activities:




Mobilization of Construction Equipment and Facilities
Submittals / Implementation Plans
Setup / Construct Temporary Facilities

Mobilization of Construction Equipment and Facilities ‐ This activity includes the transport,
initial assembly and setup of construction equipment prior to project startup. Work associated
with mobilization will include preparation of equipment for transport, equipment
transportation and setup, drivers and equipment operators.
Submittals / Implementation Plans ‐ This activity includes the work performed prior to, and
during, remedial action for developing all necessary plans. The plans included are:





Accident Prevention Plan (APP) / Site Safety and Health Plan (SSHP)
Contaminated Water Storage and Treatment Plan (Water Management Plan)
Construction Quality Control Plan
Material Handling / Transportation / Disposal Plan
1

D-29









Emergency Plan
Sampling and Analysis Plan
Site Operations Plan
Radiation Protection Program
Communications Plan
Final Status Survey Plan
Backfill and Restoration Plan

Each of these plans will be prepared by competent project technical personnel and subject
matter experts. A draft of each plan will undergo an internal independent technical review
prior to submittal to the USACE. Responses to USACE (and other government agencies) review
comments will be formulated and incorporated into the final plans. The estimated duration for
this activity is 26 weeks.
Setup / Construct Temporary Facilities ‐ This activity includes procurement, setup, and
construction of office trailers, storage areas, decontamination facilities, decontamination
staging areas and other temporary facilities. The facilities included are:














Contractor Office Trailer
Health Physics Trailer
Storage Facilities
Decontamination Facilities for Personnel
Decontamination Facilities for Construction Equipment / Vehicles
Lunch / Break Trailer
Portable Toilets
Government Trailer (USACE Office)
Truck Scale
Aggregate Surfacing (site haul road)
Project Signs
Erosion Control
Material Sorting/Sizing Pad

The overall estimated duration for Mobilization and Preparatory Work (WBS 331XX01) is 32
weeks.
Monitoring, Sampling, Testing, and Analysis (WBS 331XX02)
This item includes the following activities:



Meteorological Monitoring
Radiation Monitoring
2
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Air Monitoring and Sampling
Sampling Surface Water / Liquid Waste
Sampling Soil and Sediment
Sampling Radioactive Contaminated Media
Laboratory Chemical Analysis
Radioactive Waste Analysis

Meteorological Monitoring ‐ This activity includes the procurement, setup, testing, and
operation of a meteorological station on the project site. These activities will be performed
from site mobilization through completion of site demobilization.
Radiation Monitoring ‐ This activity includes the following radiological control (RADCON) crews
performing the indicated radiological monitoring activities:
RADCON Crew
RADCON Crew ‐ Baseline
RADCON Crew ‐ Excavation
RADCON Crew
Outgoing

‐

Incoming

Monitoring Activity
Establish Radiological Controls / Initial Baseline Surveys /
Periodic Survey of Site Haul Roads
Excavation, FUSRAP Contaminated Materials
Subsurface Soil Sampling
/ Incoming Waste Packages
Outgoing Waste Packages
Incoming Construction Equipment
Outgoing Construction Equipment
Incoming Construction Materials

The composition of the RADCON Crews is as follows:
RADCON Crew
Baseline

Excavation

Incoming / Outgoing

Personnel
(1) Senior Radiation Tech, (3)
Radiation Technicians, (1/2)
Certified Health Physicist
(1) Senior Radiation Tech, (1)
Radiation Technician

(1) Radiation Technician
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Equipment
(2) Ludlum 2221, (2) Ludlum 44‐
10, (1) Bicron Micro Rem Meter,
(1) Trimble GPS
(2) Ludlum 2221, (2) Ludlum 44‐
10, (1) Ludlum 14C, (2) Ludlum
44‐9, (1) Ludlum 177‐61, (1)
Bicron Micro Rem Meter, (1)
Trimble GPS, (4) F&J LV‐1 Low
Volume, (2) F&J LV‐14M
Breathing Zone LV Air Sampler.
(1) Ludlum 2221, (1) Ludlum
177‐61,
(1) Ludlum 44‐9
Pancake G‐M, (1) Ludlum 43‐93
Alpha Beta Scintillator Detector,
(1) Tennelec LB 5100 Smear
Counter

In all instances were a RADCON crew is supporting another activity (e.g., excavation) the
duration of the RADCON crew activity is dependent on the duration of the activity being
supported.
Air Monitoring and Sampling ‐ This activity includes the following:
 Perimeter Air Monitoring
 Work Area Air Monitoring
Perimeter Air Monitoring consists of installation and operation of seven (7) real‐time dust
monitors around the project perimeter, and one (1) installed off‐site (background). Filters will
be collected from these monitors on a weekly basis during site operations.
Work Area Air Monitoring consists of installation and operation of three (3) real‐time dust
monitors at the active excavation location, and three (3) real‐time dust monitors at the Material
Sorting/Sizing Pad. Filters will be collected from these monitors on a daily basis during site
operations.
These activities will begin at the start of Mobilization and Preparatory Work, and conclude at
the completion of Demobilization
Sampling Surface Water / Liquid Waste – This activity includes weekly sampling of surface
water from one (1) surface water ditch for off‐site chemical and radiological laboratory analysis.
Surface water sampling and analysis will begin at the start of Mobilization and Preparatory
Work, and conclude at the completion of Demobilization.
This activity also includes weekly retrieval of an estimated eight (8) samples of wastewater
treatment system effluent for off‐site laboratory analysis. Effluent sampling and analysis will
begin concurrently with the start of excavation, and conclude at the completion of site
restoration earthwork.
Sampling Soil and Sediment ‐ This activity includes soil sample retrieval and shipping to the
laboratory for the following soils:


Surface Soil – Borrow (Off‐site Unclassified Fill)

The soil sampling activity is supporting the backfill / site restoration activity. The duration of
the soil sampling activity is dependent on the duration of the associated backfill / site
restoration activity.
Sampling Radioactive Contaminated Materials ‐ This activity includes sub‐surface soil – FUSRAP
Contaminated Material, and sub‐surface soil – Final Status Survey sample retrieval. Assume the
sampling frequency for sub‐surface soil – FUSRAP Contaminated Material would be one (1)
4

D-32

sample per 100 LCY. Assume the sampling frequency for sub‐surface soil – Final Status Survey
can be estimated as follows:
TONAWANDA LANDFILL
CALCULATION OF FSS SAMPLE NUMBERS ‐ PARTIAL EXCAVATION ALTERNATIVE
Number of In‐Situ Sample Locations per Survey Unit:
Number of Samples per Location in Class 1 Units:
Average Number of Sidewall Samples per Excavation:
Average Number of Floor Samples per Excavation:

Area

FSSU
Class

A

Class 1

Area (ft2)

Area (m2)

10,950.64

1,017.35

20
2 (1 surface, 1 sub‐surface)
8
4

# of
Survey
Units

# of
Systematic
In‐situ FSS
Samples

# Biased FSS
Samples (20%
Class 1 &
Excavations /
10% Class 2)

QC
Duplicate
Samples
(10%)

MS/MSD
Samples
(5%)

USACE QA
Samples
(5%)

Total In‐
situ FSS
Samples

1

40

8

5

2

2

57

B

Class 1

58,216.12

5,408.45

3

120

24

14

7

7

172

C

Class 1

16,119.39

1,497.54

1

40

8

5

2

2

57

Excavation
Sidewalls

NA

NA

NA

8

64

13

8

4

4

93

Excavation
Floors

NA

NA

NA

8

32

6

4

2

2

46

Rest of Site

Class 2

12

240

24

26

13

13

316

TOTAL NUMBER OF IN‐SITU FSS SAMPLES:

536

83

62

30

30

741

1,195,255.55

111,042.83

Laboratory Chemical Analysis ‐ This activity includes the following:


Surface Water – Weekly chemical analysis of one (1) on‐site surface water ditch



Liquid Waste – Weekly chemical analysis of precipitation, surface and groundwater
collected from the waste excavation



FUSRAP Contaminated Materials ‐ Hazardous Waste (RCRA) Analysis



Off‐site Unclassified Fill

The duration of this analytical activity is dependent on the duration of the remedial action
activities that the analytical activity is supporting.
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Radioactive Waste Analysis ‐ This activity includes the following:


Monthly composite of the filters from each perimeter air monitoring location will be
sent to an off‐site laboratory and analyzed for total particulate, PM10, radium, uranium,
and thorium.



Filters from excavation area air monitors and from monitors located at the Material
Sorting/Sizing Pad will be sent to an off‐site laboratory on a daily basis and analyzed for
total particulate, PM10, radium, uranium, and thorium.



Wastewater Treatment System Effluent ‐ Weekly radiological analysis of an estimated
eight (8) effluent samples for:
o Radium
o Thorium
o Uranium



Off‐site unclassified fill for:
o Radium
o Thorium
o Uranium



Sub‐Surface Soil – FUSRAP Contaminated Material for:
o Radium
o Thorium
o Uranium



Sub‐Surface Soil – Final Status Survey for:
o Radium
o Thorium
o Uranium

The duration of this analytical activity is dependent on the duration of the remedial action
activities that the analytical activity is supporting.
The overall estimated duration for Monitoring, Sampling, Testing and Analysis (WBS 331XX02) is
21 weeks.
Site Work (WBS 331XX03)
This item includes Clearing and Grubbing the following areas:


Equipment Decontamination Pad
6
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Waste Excavation Area
Material Sorting/Sizing Pad

The overall estimated duration for Site Work (WBS 331XX03) is 1 week.
Surface Water Collection and Control (WBS 331XX05)
This item includes maintenance/ replacement of sediment barriers / silt fences on the project
site. The overall estimated duration for Surface Water Collection and Control (WBS 331XX05)
is 21 weeks.
Solids Collection and Containment (WBS 331XX08)
This item includes the following activities related to FUSRAP Contaminated Material:




Excavation
Hauling (On‐site Handling)
Stockpiling

Excavation – It is assumed that 1,528 BCY of impacted soil with FUSRAP‐related COCs exceeding
PRGs within the first five feet below ground surface will be excavated. The assumed excavation
rate for FUSRAP Contaminated Material is 20 BCY/hr. The Excavation Crew consists of (2)
Hydraulic Excavator 70,000 lbs, 2.0 CY bucket; (2) Equipment Operators, Heavy, (2) 4"
Centrifugal Pump, (1) Equipment Operator, Medium and (2) Laborers.
Hauling (On‐site Handling) – Assume that the FUSRAP Contaminated Material will be hauled
from the excavation to the Material Sorting/Sizing Pad for sampling and radiological sorting to
minimize transportation and disposal costs. Assume that the hauling rate from the excavation
to the Material Sorting/Sizing Pad is constrained by the excavation rate (i.e., 20 BCY / hour).
The Hauling Crew consists of (2) 25‐ton off‐road dump trucks and (2) truck drivers.
Stockpiling – Assume that 100% of FUSRAP Contaminated Material will be hauled from the
excavation to the Material Sorting/Sizing Pad. Assume that the stockpiling rate is constrained
by the hauling rate from the excavation to the stockpile(s) (i.e., 26 LCY/hour). The Stockpiling
Crew consists of (1) 101‐135 HP Bulldozer; (1) Equipment Operator, Heavy; and (1) Laborer.
Loading (On‐site Handling) – Assume that 100% of FUSRAP Contaminated Material will be
loaded into intermodal containers for transportation to the disposal site. Assume that the
loading rate is 20 LCY/hour. The Loading Crew consists of one (1) 1.75 CY Front End Loader; (1)
Equipment Operator, Heavy; and (2) Laborers.
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The overall estimated duration for Solids Collection and Containment (WBS 331XX08) is 4
weeks.
Liquids / Sediments / Sludges Collection and Containment (WBS 331XX09)
This item includes operation of a wastewater treatment system from the start of excavation
until the completion of site restoration earthwork. The overall estimated duration for Liquids /
Sediments / Sludges Collection and Containment (WBS 331XX09) is 15 weeks.
Disposal (Commercial) (WBS 331XX19)
This item includes the following activities:





Container Handling (On‐Site IMC movement / staging)
Loading of Solids (Waste Packages)
Hauling / Unloading of Solids
Disposal Fees and Taxes

Container Handling (On‐Site IMC movement / staging) – Assume that a Container Staging Crew
consisting of one (1) 3‐axle Highway Truck, one (1) Truck Driver, and two (2) Laborers will be
utilized ½ time (i.e., 20 hours/week) for approximately six (6) weeks.
Loading of Solids (Waste Packages) – Assume the production rate for loading solids is 20 LCY /
hour. The Loading Crew consisting of one (1) 1.75 CY Front End Loader; (1) Equipment
Operator, Heavy; and (2) Laborers.
Hauling / Unloading of Solids – Assume FUSRAP Contaminated Materials will be hauled to U.S.
Ecology Idaho, Inc., Grand View, Idaho in intermodal containers via truck. Assume empty
intermodal containers will be returned to the project site via truck. Per Mapquest, driving
distance from Tonawanda, NY to Grand View, ID is approximately 2,241 miles. Costs ($ / CWT)
for transportation of loaded and empty containers are from the MII Cost Book. Assume that
unloading costs are included in unit prices for disposal.
Disposal Fees and Taxes – Assume that the composition of materials to be disposed is:





1,490 LCY NORM‐like unimportant quantity source material (soil and comingled debris)
248 LCY RCRA hazardous unimportant quantity source material (soil)
248 LCY RCRA hazardous unimportant quantity source material (debris)
281 LCY LARW Soil / Debris – Equipment Decon Pad and Material Sorting/Sizing Pad
material

8
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Unit prices for disposal are from U.S. Ecology, Inc. Contract No. W912DQ‐08‐R‐0002. The
overall estimated duration for Disposal (Commercial) (WBS 331XX19) is ten (10) weeks.
Site Restoration (WBS 331XX20)
This item includes the following activities:




Backfill
Borrow
Compaction

Backfill – Assume that 1,986 LCY of off‐site Unclassified backfill will be dumped and spread in 6”
layers at the waste excavation locations. The assumed production rate for Backfill is 50
BCY/hour (65 LCY/hour) utilizing a crew consisting of one (1) Dozer, Crawler, 181‐250 HP, and
one (1) Equipment Operator.
Borrow – Assume that 1,986 LCY of Off‐site Unclassified Fill will be hauled to the project site
from a local source.
Compaction – Assume that 1,528 ECY will be compacted at the waste excavation locations. The
assumed production rate for Compaction is 50 ECY/ hour utilizing a crew consisting of one (1)
Roller, Vibratory, Double Drum, Padded Drum, one (1) Equipment Operator, Medium, and one‐
half (1/2) Laborer.
The overall estimated duration for Site Restoration (WBS 331XX20) is 2 weeks.
Demobilization (331XX21)
This item includes the following activities:





Removal of Temporary Facilities
Final Decontamination
Demobilization of Construction Equipment and Facilities
Submittals

Removal of Temporary Facilities – This activity includes demobilization and dismantling of office
trailers, storage and decontamination facilities, and other temporary facilities. The facilities
included are:





Contractor Office Trailer
Health Physics Trailer
Storage Facilities
Decontamination Facilities for Personnel
9
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Decontamination Facilities for Construction Equipment / Vehicles
Lunch / Break Trailer
Portable Toilets
USACE Office Trailer
Truck Scale
Erosion Control
Material Sorting/Sizing Pad

Final Decontamination – Portable water storage tanks will be decontaminated and verified to
meet free‐release criteria. Small equipment that is impractical to satisfactorily decontaminate
will be processed and disposed as LLRW debris.
All construction equipment will be
decontaminated until acceptable post‐decon analysis for free release from the site is achieved.
The Equipment Decontamination Pad and the Material Sorting/Sizing Pad will be excavated,
loaded and packaged for transportation and disposal.
Demobilization of Construction Equipment and Facilities ‐ This activity includes the disassembly,
takedown, and transport of construction equipment at the conclusion of project activities.
Work associated with demobilization will include preparation of equipment for transport,
equipment transportation, drivers and equipment operators.
Submittals – This activity includes preparation of a Construction Documentation Report which
will include, at a minimum, all final reports, punch lists, project acceptance, final QA/QC reports
and As‐Built Drawings. The Construction Documentation Report, including the Final Status
Survey Report and all Technical Data Packages, will be prepared by competent project technical
personnel and subject matter experts. A draft of the report will undergo an internal
independent technical review prior to submittal to the USACE. Responses to USACE (and other
government agencies) review comments will be formulated and incorporated into the final
report.
The overall estimated duration for Demobilization (WBS 331XX21) is 37 weeks.
General Requirements (331XX22)
This item includes the following activities:
 Supervision and Management
 Engineering, Surveying, and Quality Control
 First Aid, Fire Protection, and Traffic Control
 Health & Safety
 Temporary Construction Facilities – Ownership
 Temporary Construction Facilities – Operation
10
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Project Utilities

Supervision and Management – Assume the following personnel, and associated vehicles, travel
and per diem:





Program Manager (1/4 time, i.e. 10 hrs/wk., located at home office)
Project Manager (1/2 time, i.e., 20 hrs/wk., located at home office; two (2) trips to
project during construction)
Site Superintendent (On‐site full time, 1 trip home/month, per diem, vehicle)
Clerk (On‐site full time, local hire)

Engineering, Surveying, and Quality Control ‐ Assume the following personnel, and associated
vehicles, travel and per diem:






Civil Engineer (On‐site full time, local hire)
Surveyors (On‐site ¼ time, i.e., 10 hours/week; local hire/subcontractor)
Waste Manager (10 hours/week, located off‐site)
Construction Quality Control Manager (On‐site full time, 1 trip home/mo., per diem,
vehicle)
Data Acquisition Manager (On‐site full time, 1 trip home/mo., per diem, vehicle)

First Aid, Fire Protection, Traffic Control, and Security ‐ Assume the following personnel, and
associated vehicles:



Water Truck w/ Driver (On‐site full time, local hire)
Watchmen and Guards (Guard, local hire, will be present at the site during non‐working
hours (i.e., two 8‐hour shifts, Monday ‐ Friday; three 8‐hour shifts, Saturday & Sunday),
for a total of 128 hours / week).

Health & Safety ‐ Assume the following personnel, and associated vehicles, travel and per diem:




Safety & Health Manager (CIH) ( ½ time, i.e. 20 hrs/mo., 2‐day trip to site every month)
Radiation Safety Officer (On‐site full time, 1 trip home/mo., per diem, vehicle)
Site Safety & Health Officer (On‐site full time, 1 trip home/mo., per diem, vehicle)

Health & Safety also includes the following:





Health and Safety Training ‐ Includes 29 CFR 1926.65 HAZWOPER Training (40 hours
plus 3 days of onsite training); DOE 10 CFR 835 Training (8 hours); Site‐specific Safety
Training (8 hours)
Health and Safety Medical Exams – Includes Entry Physical, Exit Physical,
Personal Protective Equipment (PPE) – Level D, Level C, Level B PPE as required by site
conditions.
11
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Temporary Construction Facilities – Ownership – Assume monthly rental expenses for the
following:








Contractor Office Trailer
Health Physics Trailer
Storage Facilities
Decontamination Facilities for Personnel
Lunch / Break Trailer
Portable Toilets
USACE Office Trailer

Temporary Construction Facilities Operation – Assume the following monthly / annual
operating expenses:



Janitors and Cleaning Services – Clean office trailers on a weekly basis
Haul Road Maintenance

Project Utilities ‐ Assume the following monthly project site utility expenses:





Telephone
Electricity
Water
Internet

The overall estimated duration for General Requirements (WBS 331XX22) is 21 weeks.
SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT (WBS 333XX)
USACE Labor & Contracts (WBS 331XX01)
This item includes USACE labor and contracts for supervision, administration and construction
management during the implementation of the remedial action, from start of Mobilization and
Preparatory Work to completion of Demobilization. The estimated level of effort for this item
was provided by CELRB‐PM‐SPF (
). The overall estimated duration for Supervision &
Administration (S&A) Construction Management (WBS 333XX) is 73 weeks.
HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES (WBS 34XXX)
FISCAL / FINANCIAL CLOSEOUT ACTIVITIES (WBS 341XX)
USACE Labor & Contracts (WBS 341XX01)
12
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This item includes USACE labor and contracts for post remedial action closeout activities. The
estimated level of effort for this item was provided by CELRB‐PM‐SPF (
). The overall
estimated duration for Fiscal / Financial Closeout Activities (WBS 341XX) is 104 weeks.
HTRW OPERATION AND MAINTENANCE (POST CONSTRUCTION) (WBS 342XX)
It is assumed that a post‐remediation program consisting of land‐use controls and
environmental monitoring will be implemented for a period of one thousand (1,000) years after
this alternative is implemented.
Mobilization and Preparatory Work (WBS 342XX01)
This item includes preparation of a Management Plan to be followed during the 1,000‐year
post‐remediation environmental monitoring program. The Management Plan will be prepared
by competent project technical personnel and subject matter experts. A draft of the plan will
undergo an internal independent technical review prior to submittal to the USACE. Responses
to USACE (and other government agencies) review comments will be formulated and
incorporated into the final plan.
Monitoring, Sampling, Testing, and Analysis (WBS 342XX02)
This item includes the following activity:


Annual Site Inspection – This activity includes an annual inspection of the current site
use. It is assumed that this inspection will be performed by a Project Engineer and a
Construction Inspector.

The overall estimated duration for Monitoring, Sampling, Testing, and Analysis (WBS 342XX02)
is 1,000 years.
General Requirements (WBS 342XX22)
This item includes the following activities:




Supervision and Management
Miscellaneous Project Expenses
Five‐Year Review

Supervision and Management – Assume that a Project Manager will work on the project an
average of 10 hours per month.
Five‐Year Review – This activity includes performance by competent project technical personnel
of a five‐year review process addressing the following components:
13
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Work Plan
Community involvement and notification
Document review
Data review and analysis
Site inspection
Interviews
Protectiveness determination
Preparation of Five‐Year CERCLA Review Report
Status Meetings and Progress Reports

A draft of the five‐year review findings report will undergo an internal independent technical
review prior to submittal to the USACE. Responses to USACE (and other government agencies)
review comments will be formulated and incorporated into the final report.
The overall estimated duration for General Requirements (WBS 342XX22) is 1,000 years.
Contractor Assignment and Mark‐ups
Assume that a Prime Contractor will self‐perform all work except radiation monitoring,
radioactive waste analysis, and CERCLA Five‐Year Reviews. Assume that radiation monitoring
and radioactive waste analysis will be performed by a Health Physics Subcontractor. Assume
that CERCLA Five‐Year Reviews will be performed by and Architect – Engineer (A/E) firm.
Assume that reasonable mark‐ups for the Prime Contractor are: Home Office Overhead 15%,
Profit 8%, and Bond 1.0%.
Assume that reasonable mark‐ups for the Health Physics Subcontractor are: Home Office
Overhead 15% and Profit 8%.
Assume that reasonable mark‐ups for the CERCLA Five‐Year Review A/E firm are: Home Office
Overhead / G&A 55% and Profit 10%.
Sales Tax
An 8.75% New York Sales Tax is applied to materials.
Escalation
Because this CWE will serve as the basis for a Cost and Schedule Risk Analysis, escalation has
not been applied.

14
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Present Value Analysis
Remedial action projects typically involve construction costs that are expended at the beginning
of a project (capital costs) and costs in subsequent years (operation and maintenance and
periodic costs). Present value (PV) analysis is a method to evaluate expenditures which occur
over different periods of time. This standard methodology allows for cost comparisons of
different remedial alternatives on the basis of a single cost figure for each alternative. This
single value, referred to as the present value, is the amount needed to be set aside at the initial
point in time (base year) to assure that funds will be available in the future as they are needed.
PV analysis uses a discount rate and period of analysis to calculate the PV of each expenditure.
Discount Rate
A discount rate is the difference between interest and inflation rates. When inflation is
neglected, the discount rate is simply an interest rate, and is used to account for the time value
of money. A dollar is worth more today than in the future because, if invested today, the dollar
would earn interest. The choice of a discount rate is important because the selected rate
directly impacts the present value of a cost estimate, which is then used in making a remedy
selection decision.
Based on guidance provided by Huntsville Center – Programs & Planning Branch (28Mar13
email,
; Subject: Request Direction on Interest / Discount Rates for Present
Value Calculations of O&M Costs on FUSRAP Projects) the “Consumer Price Index, All Urban
Consumers, U.S. city average, for All Items” average annual percentage change from 1913 to
present was selected because “For a government project, particularly an O&M exercise, your
discount rate need only control for the long term tendency of costs of labor and materials to
rise over time. In other words, the discount rate and the inflation rate should be about equal.
The inflation statistic with the longest period of actual data collection is the Bureau of Labor
Statistic's Consumer Price Index (CPI) with approximately 100 years worth of data points. While
the CPI is not construction specific its long life has an advantage. Theoretically you could argue
that use of this statistic account for all events affecting inflation with a probability of occurring
in the next 100 years (the wars, the recessions, depressions, etc.) and you need only worry
about those events which occur at frequency of less than once every 100 years (nuclear war,
global pandemics, global warming and other unknowns and unknowable unknowns).” The
average annual percentage change from 1913 to present for this index was calculated to be
3.33%.
Present Value
The present value of a single periodic future payment is calculated using the following
equation:
15
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Where:
PV = Present value
xt = Payment in year t (t = 0 for present or base year)
i = Discount factor
t = Number of years following construction that expenditure occur
The PV of a series of equal annual future payments such as annual O&M payments is calculated
using the following equation:

Where:
PV = Present value
xt = Payment in year t (t = 0 for present or base year)
i = Discount factor
t = Number of years following construction that expenditure occur
MII does not support present value calculations. Therefore, for presentation purposes in the
MII cost estimate report, a Miscellaneous Owner Cost mark‐up titled “Present Value” was
applied to the annual monitoring cost elements to result in a Project Cost that accurately
depicts the Present Value of the annual monitoring cost elements over the 1,000 year
monitoring period. For i = 3.33%, the numerical value used for this mark‐up in the MII cost
estimate is 2930.30.
For the CERCLA Five‐Year Reviews, the present value for each of 200 five‐year reviews was
calculated as above. MII does not support present value calculations. Therefore, for
presentation purposes in the MII cost estimate, a Miscellaneous Owner Cost mark‐up titled
“Present Value” was applied to the Five‐Year Review cost elements over the 1,000 year O&M
period. For i = 3.33%, the numerical value used for this mark‐up in the MII cost estimate is
467.36.

Project Schedule
Based on estimated durations of the project WBS items and assumed predecessor / successor
relationships between the items, a draft project schedule was prepared. This schedule is based
on mobilizing to the project site and working until project completion. No allowance has been
16
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made in the schedule or the CWE for interim demobilization / remobilization, seasonal project
shut‐down, or facility winterization. Based on these assumptions, the estimated overall project
construction duration is 73 weeks. Please see Figure 1 for the project schedule.
It is assumed that post–remediation operations and maintenance activities will continue for
one thousand (1,000) calendar years following completion of construction activities.

17

D-45

Figures
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331XX01

Submittals

73 Weeks

SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MGT. 73 Weeks

USACE Labor & Contracts

21 Weeks
21 Weeks
21 Weeks
21 Weeks
21 Weeks
21 Weeks
21 Weeks

333XX01

Supervision and Management
Engineering, Surveying, and Quality Control
First Aid, Fire Protection, Traffic Control, and Security
Health & Safety
Temporary Construction Facilities - Ownership
Temporary Construction Facilities - Operation
Project Utilities

21 Weeks

26 Weeks

4 Weeks
10 Weeks
3 Weeks

37 Weeks

2 Weeks

2 Weeks

6 Weeks
4 Weeks
4 Weeks

10 Weeks

15 Weeks

15 Weeks

4 Weeks

4 Weeks

21 Weeks

21 Weeks

1 Week

1 Week

21 Weeks
21 Weeks
21 Weeks
21 Weeks
3 Weeks
6 Weeks
21 Weeks
21 Weeks

21 Weeks

3 Weeks
26 Weeks
6 Weeks

32 Weeks

73 Weeks

Duration

333XX

331XX2201
331XX2204
331XX2206
331XX2207
331XX2208
331XX2209
331XX2210

General Requirements

331XX2106

331XX22

Removal of Temporary Facilities
Final Decontamination
Demobilization of Construction Equipment and Facilities

Demobilization

Earthwork

Site Restoration

Container Handling (On-Site IMC Movement / Staging)
Transportation to Storage / Disposal Facility
Disposal Fees and Taxes

Disposal (Commercial)

Pumping / Draining / Collection

Liquids / Sediments / Sludges Collection and Containment

Contaminated Soil Collection

Solids Collection and Containment

Sediment Barriers

Surface Water Collection and Control

Clearing and Grubbing

Site Work

Meteorological Monitoring
Radiation Monitoring
Air Monitoring and Sampling
Sampling Surface Water / Ground Water / Liquid Waste
Sampling Soil and Sediment
Sampling Radioactive Contaminated Media
Laboratory Chemical Analysis
Radioactive Waste Analysis

Monitoring, Sampling, Testing, and Analysis

331XX2101
331XX2103
331XX2104

331XX21

331XX2001

331XX20

331XX1920
331XX1921
331XX1922

331XX19

331XX0906

331XX09

331XX0801

331XX08

331XX0507

331XX05

331XX0302

331XX03

331XX0201
331XX0202
331XX0203
331XX0205
331XX0206
331XX0208
331XX0209
331XX0210

331XX02

Mobilization of Construction Equipment and Facilities
Submittals / Implementation Plans
Setup / Construct Temporary Facilities

HTRW REMEDIAL ACTION (CONSTRUCT)

Mobilization and Preparatory Work

331XX

331XX0101
331XX0103
331XX0104

Description

WBS

1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

Year 1
1

2

3

4

TOWN OF TONAWANDA LANDFILL FUSRAP PROJECT
Remedial Alternative 3 - Targeted Shallow Removal and Off-site Disposal of FUSRAP-related Material
Unconstrained Remedial Action Construction Schedule (FY15-0)

Figure 1

5

6

7

8

9

Year 2
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

Alternative 3 – Detailed Cost Estimate
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Description

Labor ID: NLS2010 EQ ID: EP14R01

Currency in US dollars

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Quantity
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

UOM

U.S. Army Corps of Engineers
Project : TTLF FS Alt 3 - Targeted Shallow Removal and Off-site Disposal of FUSRAP-related
Material CWE (FY15-0) MII4-2B3
Standard Corps Reports

Project Cost
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX09 Liquids / Sediments / Sludges Collection and Containment
331XX19 Disposal (Commercial)
331XX20 Site Restoration
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts
342XX HTRW OPERATION AND MAINTENANCE (POST CONSTRUCTION)
342XX01 Mobilization and Preparatory Work
342XX02 Monitoring, Sampling, Testing, and Analysis
342XX22 General Requirements

Print Date Thu 23 July 2015
Eff. Date 5/18/2015

1,471,291
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1,471,291
0
0
1,471,291
0
147,023
1,324,268

Present
Value Adj

TRACES MII Version 4.2

9,820,562
8,594,107
6,494,107
522,285
2,187,829
3,204
10,129
91,837
102,976
1,375,059
85,415
313,324
1,802,049
2,100,000
2,100,000
1,226,455
1,000,000
1,000,000
226,455
11,150
5,017
210,288

Contract
Cost

11,291,853
8,594,107
6,494,107
522,285
2,187,829
3,204
10,129
91,837
102,976
1,375,059
85,415
313,324
1,802,049
2,100,000
2,100,000
2,697,746
1,000,000
1,000,000
1,697,746
11,150
152,040
1,534,556

Project
Cost

Project Cost Page 1

Time 14:04:08
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Description

Labor ID: NLS2010 EQ ID: EP14R01

Currency in US dollars

115,780
8,889
4,000
102,891

1,115,780
1,000,000
1,000,000

1.00 EA
1.00 EA
1.00 EA
EA
EA
EA
EA

2,100,000
2,100,000

1.00 EA
1.00 EA

1.00
1.00
1.00
1.00

8,100,834
6,985,054
4,885,054
416,356
1,471,048
2,554
8,075
73,211
82,090
1,096,171
68,091
249,776
1,417,682

UOM DirectCost
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Quantity

64,746
0
0
64,746

64,746
0
0

0
0

356,672
291,925
291,925
0
273,048
0
0
0
0
0
0
0
18,877

SubCMU

180,526
8,889
4,000
167,638

180,526
0
0

0
0

5,357,505
5,176,979
5,176,979
416,356
1,744,096
2,554
8,075
73,211
82,090
1,096,171
68,091
249,776
1,436,559

CostToPrime

27,079
1,333
600
25,146

27,079
0
0

0
0

803,626
776,547
776,547
62,453
261,614
383
1,211
10,982
12,314
164,426
10,214
37,466
215,484

HOOH_PRM

U.S. Army Corps of Engineers
Project : TTLF FS Alt 3 - Targeted Shallow Removal and Off-site Disposal of FUSRAP-related
Material CWE (FY15-0) MII4-2B3
Standard Corps Reports

Project Indirect Summary
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX09 Liquids / Sediments / Sludges Collection and Containment
331XX19 Disposal (Commercial)
331XX20 Site Restoration
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT
ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts
342XX HTRW OPERATION AND MAINTENANCE (POST
CONSTRUCTION)
342XX01 Mobilization and Preparatory Work
342XX02 Monitoring, Sampling, Testing, and Analysis
342XX22 General Requirements

Print Date Thu 23 July 2015
Eff. Date 5/18/2015

2,242
110
50
2,082

2,242
0
0

0
0

66,540
64,298
64,298
5,171
21,662
32
100
909
1,020
13,614
846
3,102
17,842

Bond_PRM

226,455
11,150
5,017
210,288

1,226,455
1,000,000
1,000,000

2,100,000
2,100,000

9,820,562
8,594,107
6,494,107
522,285
2,187,829
3,204
10,129
91,837
102,976
1,375,059
85,415
313,324
1,802,049

ContractCost

TRACES MII Version 4.2

16,608
818
368
15,423

16,608
0
0

0
0

492,891
476,282
476,282
38,305
160,457
235
743
6,735
7,552
100,848
6,264
22,979
132,163

Profit_PRM

Project Indirect Summary Page 2

Time 14:04:08
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Description

Labor ID: NLS2010 EQ ID: EP14R01

Currency in US dollars

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Quantity
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

UOM
4,764,136
3,659,342
1,559,342
251,794
125,320
1,364
4,669
43,794
30,772
42,919
7,822
203,139
847,750
2,100,000
2,100,000
1,104,794
1,000,000
1,000,000
104,794
8,465
2,471
93,858

DirectLabor

U.S. Army Corps of Engineers
Project : TTLF FS Alt 3 - Targeted Shallow Removal and Off-site Disposal of FUSRAP-related
Material CWE (FY15-0) MII4-2B3
Standard Corps Reports

Project Direct Summary
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX09 Liquids / Sediments / Sludges Collection and Containment
331XX19 Disposal (Commercial)
331XX20 Site Restoration
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts
342XX HTRW OPERATION AND MAINTENANCE (POST CONSTRUCTION)
342XX01 Mobilization and Preparatory Work
342XX02 Monitoring, Sampling, Testing, and Analysis
342XX22 General Requirements

Print Date Thu 23 July 2015
Eff. Date 5/18/2015

220,667
220,667
220,667
19,650
46,002
1,190
619
29,417
1,824
10,296
6,275
28,351
77,043
0
0
0
0
0
0
0
0
0

DirectEQ

2,578,608
2,577,080
2,577,080
11,736
1,175,844
0
0
0
16,000
1,042,956
0
10,428
320,116
0
0
1,529
0
0
1,529
0
1,529
0

DirectSubBid

TRACES MII Version 4.2

537,422
527,965
527,965
133,176
123,881
0
2,786
0
33,495
0
53,994
7,858
172,774
0
0
9,457
0
0
9,457
424
0
9,033

DirectMatl

8,100,834
6,985,054
4,885,054
416,356
1,471,048
2,554
8,075
73,211
82,090
1,096,171
68,091
249,776
1,417,682
2,100,000
2,100,000
1,115,780
1,000,000
1,000,000
115,780
8,889
4,000
102,891

DirectCost

Project Direct Summary Page 3

Time 14:04:08

Alternative 3 – Abbreviated Cost Risk Analysis and Contingency
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$

33121 Demobilization

6 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

10

14 341 FISCAL / FINANCIAL CLOSEOUT ACTIVITIES

13

Real Estate
Total Construction Estimate
Total Operations & Maintenance Estimate
Total Supervision & Administration (S&A) Construction Management
Total Post Construction Closeout Activities
Total

Totals

34101 USACE Labor & Contracts

33301 USACE Labor & Contracts

Remaining Construction Items

34222 General Requirements

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

9

333 SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT

34202 Monitoring, Sampling, Testing and Analysis

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

8

12

34201 Mobilization and Preparatory Work

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

$
$
$
$
$
$

$

$

$

$

$

$

$

$

33119 Disposal (Commercial)

5 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

33122 General Requirements

102,976

33109 Liquids / Sediments / Sludges Collection and Containment $

4 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

7 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

91,837

$

33108 Solids Collection and Containment

3 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

6,494,107
58,166
2,100,000
1,000,000
9,652,273

1,000,000

2,100,000

98,748

53,149

5,017

-

1,802,049

313,324

1,375,059

2,187,829

$

33102 Monitoring, Sampling, Testing and Analysis

2 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

522,285

$

Contract Cost

33101 Mobilization & Preparatory Work

Feature of Work

6,494,107

1 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

HTRW RA WBS

Total Construction Contract Cost = $

1.5%

0.00%
8.16%
7.00%
7.00%
7.00%

7.00%

7.00%

7.00%

7.00%

7.00%

0.00%

9.37%

7.00%

9.37%

7.00%

7.00%

7.00%

7.00%

% Contingency

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

529,931
4,072
147,000
70,000
751,002

70,000

147,000

6,912

3,720

351

-

168,878

21,933

128,863

7,208

6,429

153,148

36,560

$ Contingency

Project (less than $40M): Tonawanda Landfill FS Alt. 3: Targeted Shallow Removal and Off-site Disposal of FUSRAP-related Material - Annual O&M
Project Development Stage: Feasibility (Alternatives)
Risk Category: Moderate Risk: Typical Project or Possible Life Safety

Abbreviated Risk Analysis

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

7,024,038
62,237
2,247,000
1,070,000
10,403,275

1,070,000.00

2,247,000.00

105,660.36

56,869.22

5,368.19

-

1,970,926.95

335,256.68

1,503,921.84

110,184.32

98,265.59

2,340,977.03

558,844.95

Total
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$

33121 Demobilization

6 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

10

14 341 FISCAL / FINANCIAL CLOSEOUT ACTIVITIES

13

Real Estate
Total Construction Estimate
Total Operations & Maintenance Estimate
Total Supervision & Administration (S&A) Construction Management
Total Post Construction Closeout Activities
Total

Totals

34101 USACE Labor & Contracts

33301 USACE Labor & Contracts

Remaining Construction Items

34222 General Requirements

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

9

333 SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT

34202 Monitoring, Sampling, Testing and Analysis

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

8

12

34201 Mobilization and Preparatory Work

342 HTRW OPERATION & MAINTENANCE (POST
CONSTRUCTION)

$
$
$
$
$
$

$

$

$

$

$

$

$

$

33119 Disposal (Commercial)

5 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

33122 General Requirements

102,976

33109 Liquids / Sediments / Sludges Collection and Containment $

4 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

7 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

91,837

$

33108 Solids Collection and Containment

3 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

6,494,107
1,697,746
2,100,000
1,000,000
11,291,853

1,000,000

2,100,000

98,748

1,534,556

152,040

11,150

1,802,049

313,324

1,375,059

2,187,829

$

33102 Monitoring, Sampling, Testing and Analysis

2 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

522,285

$

Contract Cost

33101 Mobilization & Preparatory Work

Feature of Work

6,494,107

1 331 HTRW REMEDIAL ACTION (CONSTRUCTION)

HTRW RA WBS

Total Construction Contract Cost = $

1.2%

0.00%
8.16%
7.00%
7.00%
7.00%

7.00%

7.00%

7.00%

7.00%

7.00%

7.00%

9.37%

7.00%

9.37%

7.00%

7.00%

7.00%

7.00%

% Contingency

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

529,931
118,842
147,000
70,000
865,773

70,000

147,000

6,912

107,419

10,643

781

168,878

21,933

128,863

7,208

6,429

153,148

36,560

$ Contingency

Project (less than $40M): Tonawanda Landfill FS Alt. 3: Targeted Shallow Removal and Off-site Disposal of FUSRAP-related Material - Present Worth
Project Development Stage: Feasibility (Alternatives)
Risk Category: Moderate Risk: Typical Project or Possible Life Safety

Abbreviated Risk Analysis

$
$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

7,024,038
1,816,588
2,247,000
1,070,000
12,157,626

1,070,000.00

2,247,000.00

105,660.36

1,641,974.92

162,682.80

11,930.50

1,970,926.95

335,256.68

1,503,921.84

110,184.32

98,265.59

2,340,977.03

558,844.95

Total

Alternative 4 – Basis of Cost Estimate
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TOWN OF TONAWANDA LANDFILL FUSRAP PROJECT
Remedial Alternative 4 – Deep Excavation and Off‐site Disposal of FUSRAP‐related
Material
Current Working Estimate of Construction Costs (FY15‐0)
Basis of Cost Estimate

Alternative 4 consists of excavation of all impacted soils exceeding the preliminary remediation
goals (PRGs) and subsequent disposal at a permitted off‐site disposal facility. All excavated soils
and potentially comingled landfill debris would be screened in the field for contamination,
stockpiled, sampled, analyzed, and transported off site for disposal if found to exceed the
established cleanup criteria for the site. Following excavation, confirmation sampling and final
status surveys will be conducted to ensure that PRGs have been met. Due to the removal from
the site of all material found to exceed the PRGs for the site, a post‐remediation environmental
monitoring program, and land use or engineering controls will not be required after this
alternative is implemented.
HTRW REMEDIAL ACTION (CONSTRUCT) (WBS 331XX)
Mobilization and Preparatory Work (WBS 331XX01)
This item includes the following activities:




Mobilization of Construction Equipment and Facilities
Submittals / Implementation Plans
Setup / Construct Temporary Facilities

Mobilization of Construction Equipment and Facilities ‐ This activity includes the transport,
initial assembly and setup of construction equipment prior to project startup. Work associated
with mobilization will include preparation of equipment for transport, equipment
transportation and setup, drivers and equipment operators.
Submittals / Implementation Plans ‐ This activity includes the work performed prior to, and
during, remedial action for developing all necessary plans. The plans included are:





Accident Prevention Plan (APP) / Site Safety and Health Plan (SSHP)
Contaminated Water Storage and Treatment Plan (Water Management Plan)
Construction Quality Control Plan
Material Handling / Transportation / Disposal Plan
1

D-56









Emergency Plan
Sampling and Analysis Plan
Site Operations Plan
Radiation Protection Program
Communications Plan
Final Status Survey Plan
Backfill and Restoration Plan

Each of these plans will be prepared by competent project technical personnel and subject
matter experts. A draft of each plan will undergo an internal independent technical review
prior to submittal to the USACE. Responses to USACE (and other government agencies) review
comments will be formulated and incorporated into the final plans. The estimated duration for
this activity is 26 weeks.
Setup / Construct Temporary Facilities ‐ This activity includes procurement, setup, and
construction of office trailers, storage areas, decontamination facilities, decontamination
staging areas and other temporary facilities. The facilities included are:
















Contractor Office Trailer
Health Physics Trailer
Storage Facilities
Decontamination Facilities for Personnel
Decontamination Facilities for Construction Equipment / Vehicles
Lunch / Break Trailer
Portable Toilets
Government Trailer (USACE Office)
Truck Scale
Aggregate Surfacing (site haul road)
Project Signs
Erosion Control
FUSRAP Contaminated Material Sorting / Sizing Pad
Final Status Survey Pad
Interim Stockpile Pad

The overall estimated duration for Mobilization and Preparatory Work (WBS 331XX01) is 32
weeks.
Monitoring, Sampling, Testing, and Analysis (WBS 331XX02)
This item includes the following activities:
2
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Meteorological Monitoring
Radiation Monitoring
Air Monitoring and Sampling
Sampling Surface Water / Ground Water / Liquid Waste
Sampling Soil and Sediment
Sampling Radioactive Contaminated Media
Laboratory Chemical Analysis
Radioactive Waste Analysis

Meteorological Monitoring ‐ This activity includes the procurement, setup, testing, and
operation of a meteorological station on the project site. These activities will be performed
from site mobilization through completion of site demobilization.
Radiation Monitoring ‐ This activity includes the following radiological control (RADCON) crews
performing the indicated radiological monitoring activities:
RADCON Crew
RADCON Crew ‐ Baseline

Monitoring Activity
Establish Radiological Controls / Initial Baseline Surveys /
Periodic Survey of Site Haul Roads
RADCON Crew ‐ Excavation
Excavation, Overburden / Cutback Soils
Excavation, FUSRAP Contaminated Materials
RADCON Crew – Sorting / FSS Pad
Sorting FUSRAP Contaminated Materials
Overburden / Cutback Soils on Final Status Survey Pad
RADCON Crew ‐ Incoming / Incoming Waste Packages
Outgoing
Outgoing Waste Packages
Incoming Construction Equipment
Outgoing Construction Equipment
Incoming Construction Materials
The composition of the RADCON Crews is as follows:
RADCON Crew
Baseline

Excavation

Sorting / FSS Pad

Personnel
(1) Senior Radiation Tech, (3)
Radiation Technicians, (1/2)
Certified Health Physicist
(1) Senior Radiation Tech, (1)
Radiation Technician

(2) Radiation Technicians
3
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Equipment
(2) Ludlum 2221, (2) Ludlum 44‐
10, (1) Bicron Micro Rem Meter,
(1) Trimble GPS
(2) Ludlum 2221, (2) Ludlum 44‐
10, (1) Ludlum 14C, (2) Ludlum
44‐9, (1) Ludlum 177‐61, (1)
Bicron Micro Rem Meter, (1)
Trimble GPS, (4) F&J LV‐1 Low
Volume, (2) F&J LV‐14M
Breathing Zone LV Air Sampler.
(2) Ludlum 2221, (2) Ludlum 44‐

10, (1) Ludlum 14C, (2) Ludlum
44‐9, (1) Ludlum 177‐61, (4) Low
Volume Air Samplers, (2)
Breathing Zone air pumps. ; (2)
Ludlum 2360, (2) Ludlum 43‐93,
(1) Bicron Micro Rem, (1)
Ludlum 3030.
Incoming / Outgoing
(1) Radiation Technician
(1) Ludlum 2221, (1) Ludlum
177‐61,
(1) Ludlum 44‐9
Pancake G‐M, (1) Ludlum 43‐93
Alpha Beta Scintillator Detector,
(1) Tennelec LB 5100 Smear
Counter
In all instances were a RADCON crew is supporting another activity (e.g., excavation, material
sorting, loading, etc.) the duration of the RADCON crew activity is dependent on the duration of
the activity being supported.
Air Monitoring and Sampling ‐ This activity includes the following
 Perimeter Air Monitoring
 Work Area Air Monitoring
Perimeter Air Monitoring consists of installation and operation of seven (7) real‐time dust
monitors around the project perimeter, and one (1) installed off‐site (background). Filters will
be collected from these monitors on a weekly basis during site operations.
Work Area Air Monitoring consists of installation and operation of three (3) real‐time dust
monitors at each of the following locations: active excavation location, Final Status Survey Pad,
and the Material Sorting/Sizing Pad. Filters will be collected from these monitors on a daily
basis during site operations.
These activities will begin at the start of Mobilization and Preparatory Work, and conclude at
the completion of Demobilization
Sampling Surface Water / Groundwater / Liquid Waste – This activity includes weekly sampling
of surface water from one (1) surface water ditch for off‐site chemical and radiological
laboratory analysis. Surface water sampling and analysis will begin at the start of Mobilization
and Preparatory Work, and conclude at the completion of Demobilization.
This activity also includes weekly retrieval of an estimated eight (8) samples of wastewater
treatment system effluent for off‐site laboratory analysis. Effluent sampling and analysis will
begin concurrently with the start of excavation, and conclude at the completion of site
restoration earthwork.
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Sampling Soil and Sediment ‐ This activity includes soil sample retrieval and shipping to the
laboratory for the following soils:


Surface Soil – Borrow (Off‐site Unclassified Fill)

The soil sampling activity is supporting a backfill / site restoration activity. The duration of the
soil sampling activity is dependent on the duration of the associated backfill / site restoration
activity.
Sampling Radioactive Contaminated Materials ‐ This activity includes Surface Soil – Overburden
/ Cutback Soils, Sub‐Surface Soil – FUSRAP Contaminated Material, and Sub‐Surface Soil – Final
Status Survey sample retrieval. Assume the sampling frequency for Surface Soil – Overburden /
Cutback Soils would be one (1) sample per 20 LCY, the sampling frequency for Sub‐Surface Soil
– FUSRAP Contaminated Material would be one (1) sample per 100 LCY, and the sampling
frequency for Sub‐Surface Soil – Final Status Survey would be 20 samples per 2,000 M2 survey
unit.
Laboratory Chemical Analysis ‐ This activity includes the following:


Surface Water – Weekly chemical analysis of one (1) on‐site surface water ditch



Liquid Waste – Weekly chemical analysis of precipitation, surface and groundwater
collected from the waste excavation



FUSRAP Contaminated Materials ‐ Hazardous Waste (RCRA) Analysis



Overburden / Cutback Soils and Off‐site Unclassified Fill

The duration of this analytical activity is dependent on the duration of the remedial action
activities that the analytical activity is supporting.
Radioactive Waste Analysis ‐ This activity includes the following:


Monthly composite of the filters from each air monitoring location will be sent to an off‐
site laboratory for isotopic analysis for radium, thorium and uranium.



Wastewater Treatment System Effluent ‐ Weekly radiological analysis of an estimated
eight (8) effluent samples for:
o Radium
o Thorium
o Uranium



Off‐site unclassified fill for:
o Radium
5
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o Thorium
o Uranium


Surface Soil – Overburden / Cutback Soils for:
o Radium
o Thorium
o Uranium



Sub‐Surface Soil – FUSRAP Contaminated Material for:
o Radium
o Thorium
o Uranium



Sub‐Surface Soil – Final Status Survey for:
o Radium
o Thorium
o Uranium

The duration of this analytical activity is dependent on the duration of the remedial action
activities that the analytical activity is supporting.
The overall estimated duration for Monitoring, Sampling, Testing and Analysis (WBS 331XX02) is
71 weeks.
Site Work (WBS 331XX03)
This item includes Clearing and Grubbing the following areas:





Equipment Decontamination Pad
FUSRAP Contaminated Material Sorting Pad
Final Status Survey Pad
Waste Excavation Areas

The overall estimated duration for Site Work (WBS 331XX03) is 2 weeks.
Surface Water Collection and Control (WBS 331XX05)
This item includes installation of sediment barriers / silt fences on the project site. The overall
estimated duration for Surface Water Collection and Control (WBS 331XX05) is 3 weeks.
Solids Collection and Containment (WBS 331XX08)
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This item includes the following activities related to Overburden / Cutback Soils and FUSRAP
Contaminated Material:







Excavation
Hauling (On‐site Handling)
Stockpiling
Spreading (Final Status Survey Pad)
Loading (On‐site Handling)
Sorting (FUSRAP Contaminated Material)

Excavation – It is assumed that 15,740 BCY of Overburden / Cut‐Back Soils and 15,014 BCY of
FUSRAP Contaminated Material will be excavated. The assumed excavation rate for
Overburden / Cut‐Back Soils is 20 BCY/hr. The assumed excavation rate for FUSRAP
Contaminated Material is 15 BCY/hr. The Excavation Crew consists of (2) Hydraulic Excavator
70,000 lbs, 2.0 CY bucket; (2) Equipment Operators, Heavy, (2) 4" Centrifugal Pump, (1)
Equipment Operator, Medium and (2) Laborers.
Hauling (On‐site Handling) – Assume that the Overburden / Cut‐Back Soils will be hauled from
the excavation to the Final Status Survey Pad where the soils will be spread, analyzed and
sampled. Assume that the hauling rate from the excavation to the Final Status Survey Pad will
be constrained by the excavation rate (i.e., 20 BCY/hour). The Overburden / Cut‐Back Soils will
be loaded and hauled from the Final Status Survey Pad to the Interim Stockpile. Assume that
the hauling rate from the Final Status Survey Pad to the Interim Stockpile is constrained by the
loading rate (i.e., 44 LCY / hour). The Hauling Crew consists of (2) 25‐ton off road dump trucks
and (2) truck drivers.
Assume that the FUSRAP Contaminated Material will be hauled from the excavation to the
Sorting Pad for physical separation and radiological sorting to minimize transportation and
disposal costs. Assume that the hauling rate from the excavation to the Sorting Pad is
constrained by the excavation rate (i.e., 15 BCY / hour).
Stockpiling – Assume that 100% of Overburden / Cut‐Back Soils will be loaded from the FSS Pad
and hauled to the on‐site stockpile. Assume that the stockpiling rate is constrained by the
hauling rate from the FSS Pad to the stockpile(s) (i.e., 44 LCY/hour). The Stockpiling Crew
consists of (1) 101‐135 HP Bulldozer; (1) Equipment Operator, Heavy; and (1) Laborer.
Spreading (Final Status Survey Pad) ‐ Assume that 100% of the Overburden / Cut‐Back Soils will
be spread on the FSS Pad for scanning and analysis. Assume that the spreading rate at the FSS
Pad will be constrained by the Hauling rate to the FSS Pad (26 LCY/hour). The Spreading Crew
consists of one (1) 101‐135 HP Bulldozer; (1) Equipment Operator, Heavy; and (1) Laborer.
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Loading (On‐site Handling) ‐ Pending off‐site radiological analysis, an assumed 25% of the
Overburden / Cut‐back soils, which fail the radiological criteria, will be loaded and hauled to the
Material Sorting/Sizing Pad. The remaining 75% of the Overburden / Cut‐back soils which are
assumed to pass the radiological criteria, will be loaded and hauled to the excavation for use as
backfill. Assume that the loading rate is 44 LCY/hour. The Loading Crew consists of one (1)
1.75 CY Front End Loader; (1) Equipment Operator, Heavy; and (2) Laborers. Assume that the
hauling rate from the Interim Stockpile to either the Material Sorting/Sizing Pad or the
excavation is constrained by the loading rate (i.e., 44 LCY / hour).
Sorting (FUSRAP Contaminated Material) ‐ This item includes physical separation and
radiological sorting of the FUSRAP Contaminated Materials at the Sorting Pad. Assume that the
production rate for material sorting is constrained by the hauling rate to the Sorting Pad (i.e.,
19.5 LCY / hour). The Sorting Crew consisting of one (1) Hydraulic Excavator w/Shear, one (1)
Hydraulic Excavator w/ grapple, one (1) 1.75 CY FE Loader, one (1) Skid Steer Loader, one (1)
Oxygen/Acetylene Torch w/ Tanks & Hoses, Four (4) Heavy Equipment Operators, and two (2)
Laborers.
See Figure 1 for the conceptual Solids Collection and Containment process flow. The overall
estimated duration for Solids Collection and Containment (WBS 331XX08) is 42 weeks.
Liquids / Sediments / Sludges Collection and Containment (WBS 331XX09)
This item includes operation of a wastewater treatment system from the start of excavation
until the completion of site restoration earthwork. This item also includes installation and
operation of four (4) 12‐inch diameter groundwater extraction wells. The wells will be
operated during excavation activities to lower/control the groundwater elevation in the vicinity
of the excavation. The overall estimated duration for Liquids / Sediments / Sludges Collection
and Containment (WBS 331XX09) is 48 weeks.
Disposal (Commercial) (WBS 331XX19)
This item includes the following activities:





Container Handling (On‐Site IMC movement / staging)
Loading of Solids (Waste Packages)
Hauling / Unloading of Solids
Disposal Fees and Taxes

Container Handling (On‐Site IMC movement / staging) – Assume that a Container Staging Crew
consisting of one (1) 3‐axle Highway Truck, one (1) Truck Driver, and two (2) Laborers will be
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utilized ½ time (i.e., 20 hours/week) from the start of excavation until completion of removal of
temporary facility activities.
Loading of Solids (Waste Packages) – Assume the production rate for loading solids is
constrained by the Sorting Rate (i.e., 19.5 LCY / hour). The Loading Crew consisting of one (1)
1.75 CY Front End Loader; (1) Equipment Operator, Heavy; and (2) Laborers.
Hauling / Unloading of Solids – Assume FUSRAP Contaminated Materials will be hauled to U.S.
Ecology Idaho, Inc., Grand View, Idaho in intermodal containers via truck to a local transload
facility where the intermodal containers will be transloaded onto railcars for transport to the
disposal facility. Assume empty intermodal containers will be returned to the project site via
the same transport methodology. Per Mapquest, driving distance from Tonawanda, NY to
Grand View, ID is approximately 2,241 miles. Costs ($ / CWT) for transportation of FUSRAP
Contaminated Materials to the disposal facility are based upon a budgetary price quote
provided by a transportation vendor for the Guterl FUSRAP. Assume that unloading costs are
included in unit prices for disposal.
Disposal Fees and Taxes – Assume that the composition of materials to be disposed is:




18,475 LCY Low Activity Radioactive Waste – Soil / Debris
3,079 LCY Low Activity Mixed Waste – Soil
3,079 LCY Low Activity Mixed Waste – Debris

Unit prices for disposal are from U.S. Ecology, Inc. Contract No. W912DQ‐08‐R‐0002. The
overall estimated duration for Disposal (Commercial) (WBS 331XX19) is 34 weeks.
Site Restoration (WBS 331XX20)
This item includes the following activities:




Backfill
Borrow
Compaction

Backfill – Assume that 39,980 LCY of backfill will be dumped and spread in 6” layers at the
waste excavation locations. Assume the backfill will be comprised of 15,346 LCY of on‐site
Overburden / Cut‐Back Soils and 24,634 LCY of Off‐site Unclassified Fill. The assumed
production rate for Backfill is 50 BCY/hour (65 LCY/hour) utilizing a crew consisting of one (1)
Dozer, Crawler, 181‐250 HP, and one (1) Equipment Operator.
Borrow – Assume that 24,634 LCY of Off‐site Unclassified Fill will be hauled to the project site
from a local source.
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Compaction – Assume that 30,754 ECY will be compacted at the waste excavation locations.
The assumed production rate for Compaction is 50 ECY/ hour utilizing a crew consisting of one
(1) Roller, Vibratory, Double Drum, Padded Drum, one (1) Equipment Operator, Medium, and
one‐half (1/2) Laborer.
The overall estimated duration for Site Restoration (WBS 331XX20) is 16 weeks.
Demobilization (331XX21)
This item includes the following activities:





Removal of Temporary Facilities
Final Decontamination
Demobilization of Construction Equipment and Facilities
Submittals

Removal of Temporary Facilities – This activity includes demobilization and dismantling of office
trailers, storage and decontamination facilities, and other temporary facilities. The facilities
included are:














Contractor Office Trailer
Health Physics Trailer
Storage Facilities
Decontamination Facilities for Personnel
Decontamination Facilities for Construction Equipment / Vehicles
Lunch / Break Trailer
Portable Toilets
USACE Office Trailer
Truck Scale
Erosion Control
FUSRAP Contaminated Material Sorting / Sizing Pad
Final Status Survey Pad
Interim Stockpile Pad

Final Decontamination – Portable water storage tanks will be decontaminated and verified to
meet free‐release criteria. Small equipment that is impractical to satisfactorily decontaminate
will be processed and disposed as LLRW debris.
All construction equipment will be
decontaminated until acceptable post‐decon analysis for free release from the site is achieved.
The Equipment Decontamination Pad, FUSRAP Contaminated Material Pad, and the Final Status
Survey Pad excavated, loaded and packaged for transportation and disposal.
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Demobilization of Construction Equipment and Facilities ‐ This activity includes the disassembly,
takedown, and transport of construction equipment at the conclusion of project activities.
Work associated with demobilization will include preparation of equipment for transport,
equipment transportation, drivers and equipment operators.
Submittals – This activity includes preparation of a Construction Documentation Report which
will include, at a minimum, all final reports, punch lists, project acceptance, final QA/QC reports
and As‐Built Drawings. The Construction Documentation Report, including the Final Status
Survey Report and all Technical Data Packages, will be prepared by competent project technical
personnel and subject matter experts. A draft of the report will undergo an internal
independent technical review prior to submittal to the USACE. Responses to USACE (and other
government agencies) review comments will be formulated and incorporated into the final
report.
The overall estimated duration for Demobilization (WBS 331XX21) is 42 weeks.
General Requirements (331XX22)
This item includes the following activities:
 Supervision and Management
 Engineering, Surveying, and Quality Control
 First Aid, Fire Protection, and Traffic Control
 Health & Safety
 Temporary Construction Facilities – Ownership
 Temporary Construction Facilities – Operation
 Project Utilities
Supervision and Management – Assume the following personnel, and associated vehicles, travel
and per diem:





Program Manager (1/4 time, i.e. 10 hrs/wk. located at home office)
Project Manager (1/2 time, i.e., 20 hrs/wk., located at home office; seven (7) trips to
project during construction)
Site Superintendent (On‐site full time, 1 trip home/month, per diem, vehicle)
Clerk (On‐site full time, local hire)

Engineering, Surveying, and Quality Control ‐ Assume the following personnel, and associated
vehicles, travel and per diem:




Civil Engineer (On‐site full time, local hire)
Surveyors (On‐site ¼ time, i.e., 10 hours/week; local hire/subcontractor)
Waste Manager (10 hours/week, located off‐site)
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Construction Quality Control Manager (On‐site full time, 1 trip home/mo., per diem,
vehicle)
Data Acquisition Manager (On‐site full time, 1 trip home/mo., per diem, vehicle)

First Aid, Fire Protection, Traffic Control, and Security ‐ Assume the following personnel, and
associated vehicles:



Water Truck w/ Driver (On‐site full time, local hire)
Watchmen and Guards (Guard, local hire, will be present at the site during non‐working
hours (i.e., two 8‐hour shifts, Monday ‐ Friday; three 8‐hour shifts, Saturday & Sunday),
for a total of 128 hours / week).

Health & Safety ‐ Assume the following personnel, and associated vehicles, travel and per diem:




Safety & Health Manager (CIH) ( ½ time, i.e. 20 hrs/mo., 2‐day trip to site every month)
Radiation Safety Officer (On‐site full time, 1 trip home/mo., per diem, vehicle)
Site Safety & Health Officer (On‐site full time, 1 trip home/mo., per diem, vehicle)

Health & Safety also includes the following:





Health and Safety Training ‐ Includes 29 CFR 1926.65 HAZWOPER Training (40 hours
plus 3 days of onsite training); DOE 10 CFR 835 Training (8 hours); Site‐specific Safety
Training (8 hours)
Health and Safety Medical Exams – Includes Entry Physical, Exit Physical,
Personal Protective Equipment (PPE) – Level D, Level C, Level B PPE as required by site
conditions.

Temporary Construction Facilities – Ownership – Assume monthly rental expenses for the
following:








Contractor Office Trailer
Health Physics Trailer
Storage Facilities
Decontamination Facilities for Personnel
Lunch / Break Trailer
Portable Toilets
USACE Office Trailer

Temporary Construction Facilities Operation – Assume the following monthly / annual
operating expenses:



Janitors and Cleaning Services – Clean office trailers on a weekly basis
Haul Road Maintenance
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Project Utilities ‐ Assume the following monthly project site utility expenses:





Telephone
Electricity
Water
Internet

The overall estimated duration for General Requirements (WBS 331XX22) is 71 weeks.
SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT (WBS 333XX)
USACE Labor & Contracts (WBS 331XX01)
This item includes USACE labor and contracts for supervision, administration and construction
management during the implementation of the remedial action, from start of Mobilization and
Preparatory Work to completion of Demobilization. The estimated level of effort for this item
was provided by CELRB‐PM‐SPF (
. The overall estimated duration for Supervision &
Administration (S&A) Construction Management (WBS 333XX) is 122 weeks.
HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES (WBS 34XXX)
FISCAL / FINANCIAL CLOSEOUT ACTIVITIES (WBS 341XX)
USACE Labor & Contracts (WBS 341XX01)
This item includes USACE labor and contracts for post remedial action closeout activities. The
estimated level of effort for this item was provided by CELRB‐PM‐SPF (
). The overall
estimated duration for Fiscal / Financial Closeout Activities (WBS 341XX) is 104 weeks.
Contractor Assignment and Mark‐ups
Assume that a prime contractor will self‐perform all work except radiation monitoring,
radioactive waste analysis, waste hauling and waste disposal. Assume that radiation
monitoring and radioactive waste analysis will be performed by a Health Physics Subcontractor.
Waste hauling and disposal will be performed by subcontractor(s) on a unit price ($/ton) basis.
Assume that reasonable mark‐ups for the Prime Contractor are: Home Office Overhead 15%,
Profit 8%, and Bond 1.0%.
Assume that reasonable mark‐ups for the Health Physics Subcontractor are: Home Office
Overhead 15% and Profit 8%.
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Sales Tax
An 8.75% New York (Erie County) Sales Tax is applied to materials.
Escalation
Because this CWE will serve as the basis for a Cost and Schedule Risk Analysis, escalation has
not been applied.

Project Schedule
Based on estimated durations of the project WBS items and assumed predecessor / successor
relationships between the items, a draft project schedule was prepared. This schedule is based
on mobilizing to the project site and working until project completion. No allowance has been
made in the schedule or the CWE for interim demobilization / remobilization, seasonal project
shut‐down, or facility winterization. Based on these assumptions, the estimated overall project
construction duration is 122 weeks. See Figure 2 for the estimated project construction
schedule.
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Figure 1
Town of Tonawanda Landfill
Conceptual Process Flow
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Remedial Alternative 4 - Deep Excavation and Off-site Disposal of FUSRAP-related Material
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Description

Labor ID: NLS2010 EQ ID: EP14R01

Currency in US dollars

U.S. Army Corps of Engineers
Project : TTLF FS Alt 4 - Deep Excavation and Off-site Disposal of FUSRAP-related Materials
CWE (FY15-0) MII4-2B3
Standard Corps Reports

Project Cost
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX09 Liquids / Sediments / Sludges Collection and Containment
331XX19 Disposal (Commercial)
331XX20 Site Restoration
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts

Print Date Thu 23 July 2015
Eff. Date 2/18/2015

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

43,565,847
42,565,847
39,040,847
784,410
9,193,604
32,420
43,933
3,714,076
199,970
14,709,433
1,196,085
410,676
8,756,239
3,525,000
3,525,000
1,000,000
1,000,000
1,000,000

ContractCost

43,565,847
42,565,847
39,040,847
784,410
9,193,604
32,420
43,933
3,714,076
199,970
14,709,433
1,196,085
410,676
8,756,239
3,525,000
3,525,000
1,000,000
1,000,000
1,000,000

ProjectCost

TRACES MII Version 4.2

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

Quantity UOM

Project Cost Page 1

Time 14:39:18
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Description

Labor ID: NLS2010 EQ ID: EP14R01

3,525,000
3,525,000
1,000,000
1,000,000
1,000,000

1.00 EA
1.00 EA
1.00 EA
1.00 EA
1.00 EA

Currency in US dollars

34,155,706
33,155,706
29,630,706
614,493
6,316,478
25,845
35,023
2,960,792
159,412
11,726,083
953,496
327,069
6,512,017

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Quantity UOM DirectCost

0
0
0

0
0

1,491,921
1,491,921
1,491,921
10,824
1,012,490
0
0
0
0
0
0
315
468,292

SubCMU

0
0
0

0
0

31,122,628
31,122,628
31,122,628
625,317
7,328,968
25,845
35,023
2,960,792
159,412
11,726,083
953,496
327,383
6,980,309

CostToPrime

0
0
0

0
0

4,668,394
4,668,394
4,668,394
93,798
1,099,345
3,877
5,253
444,119
23,912
1,758,912
143,024
49,107
1,047,046

HOOH_PRM

U.S. Army Corps of Engineers
Project : TTLF FS Alt 4 - Deep Excavation and Off-site Disposal of FUSRAP-related Materials
CWE (FY15-0) MII4-2B3
Standard Corps Reports

Project Indirect Summary
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX09 Liquids / Sediments / Sludges Collection and Containment
331XX19 Disposal (Commercial)
331XX20 Site Restoration
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT
ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts

Print Date Thu 23 July 2015
Eff. Date 2/18/2015

0
0
0

0
0

386,543
386,543
386,543
7,766
91,026
321
435
36,773
1,980
145,638
11,842
4,066
86,695

Bond_PRM

1,000,000
1,000,000
1,000,000

3,525,000
3,525,000

43,565,847
42,565,847
39,040,847
784,410
9,193,604
32,420
43,933
3,714,076
199,970
14,709,433
1,196,085
410,676
8,756,239

ContractCost

TRACES MII Version 4.2

0
0
0

0
0

2,863,282
2,863,282
2,863,282
57,529
674,265
2,378
3,222
272,393
14,666
1,078,800
87,722
30,119
642,188

Profit_PRM
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Description

Labor ID: NLS2010 EQ ID: EP14R01

Currency in US dollars

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

Quantity UOM
11,311,616
10,311,616
6,786,616
284,971
1,550,368
14,125
22,505
1,765,169
72,854
351,429
157,446
259,013
2,308,736
3,525,000
3,525,000
1,000,000
1,000,000
1,000,000

DirectLabor
2,030,347
2,030,347
2,030,347
31,234
289,485
11,720
2,275
1,195,622
6,922
74,743
126,314
49,770
242,263
0
0
0
0
0

DirectEQ

U.S. Army Corps of Engineers
Project : TTLF FS Alt 4 - Deep Excavation and Off-site Disposal of FUSRAP-related Materials
CWE (FY15-0) MII4-2B3
Standard Corps Reports

Project Direct Summary
33XXX HTRW CONSTRUCTION ACTIVITIES
331XX HTRW REMEDIAL ACTION (CONSTRUCTION)
331XX01 Mobilization and Preparatory Work
331XX02 Monitoring, Sampling, Testing, and Analysis
331XX03 Site Work
331XX05 Surface Water Collection and Control
331XX08 Solids Collection and Containment
331XX09 Liquids / Sediments / Sludges Collection and Containment
331XX19 Disposal (Commercial)
331XX20 Site Restoration
331XX21 Demobilization
331XX22 General Requirements
333XX SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION MANAGEMENT
333XX01 USACE Labor & Contracts
34XXX HTRW POST CONSTRUCTION AND FINANCIAL CLOSEOUT ACTIVITIES
341XX FISCAL / FINANCIAL CLOSEOUT ACTIVITIES
341XX01 USACE Labor & Contracts

Print Date Thu 23 July 2015
Eff. Date 2/18/2015

16,782,394
16,782,394
16,782,394
11,736
4,183,735
0
0
0
19,200
11,299,911
0
10,428
1,257,385
0
0
0
0
0

DirectSubBid

TRACES MII Version 4.2

4,031,349
4,031,349
4,031,349
286,552
292,890
0
10,243
0
60,436
0
669,737
7,858
2,703,633
0
0
0
0
0

DirectMatl

34,155,706
33,155,706
29,630,706
614,493
6,316,478
25,845
35,023
2,960,792
159,412
11,726,083
953,496
327,069
6,512,017
3,525,000
3,525,000
1,000,000
1,000,000
1,000,000

DirectCost

Project Direct Summary Page 3

Time 14:39:18
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331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

2

3

4

5

6

7

8

9

10

333 SUPERVISION & ADMINISTRATION (S&A) CONSTRUCTION
MANAGEMENT

341 FISCAL / FINANCIAL CLOSEOUT ACTIVITIES

13

14

12

331 HTRW REMEDIAL ACTION (CONSTRUCTION)

1

HTRW RA WBS

$
$
$
$
$
$
$
$

33103 Site Work
33105 Surface Water Collection and Control
33108 Solids Collection and Containment
33109 Liquids / Sediments / Sludges Collection and Containment
33119 Disposal
33120 Site Restoration
33121 Demobilization
33122 General Requirements

Real Estate
Total Construction Estimate
Total Supervision & Administration (S&A) Construction Management
Total Post Construction Closeout Activities
Total

$
$
$
$
$

$

34101 USACE Labor & Contracts
Totals

$

33301 USACE Labor & Contracts

$

$

33102 Monitoring, Sampling, Testing and Analysis

Remaining Construction Items

$

33101 Mobilization & Preparatory Work

Feature of Work

Total Construction Contract Cost = $

39,040,846
3,525,000
1,000,000
43,565,846

1,000,000

3,525,000

-

8,756,239

410,676

1,196,085

14,709,433

199,970

3,714,076

43,933

32,420

9,193,604

784,410

Contract Cost

39,040,846

0.0%

0.00%
29.50%
7.00%
7.00%

7.00%

7.00%

0.00%

22.24%

7.00%

20.34%

40.53%

26.37%

40.53%

13.03%

9.37%

18.66%

7.00%

% Contingency

Project (less than $40M): Tonawanda Landfill FS Alt. 4: Deep Excavation and Off-site Disposal of FUSRAP-related Material
Project Development Stage: Feasibility (Alternatives)
Risk Category: Moderate Risk: Typical Project or Possible Life Safety

Abbreviated Risk Analysis

$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

11,518,163
246,750
70,000
11,834,913

70,000

246,750

-

1,947,387

28,747

243,240

5,961,733

52,733

1,505,315

5,726

3,038

1,715,334

54,909

$ Contingency

$
$
$
$
$

$

$

$

$

$

$

$

$

$

$

$

$

$

50,559,009
3,771,750
1,070,000
55,400,759

1,070,000.00

3,771,750.00

-

10,703,626.29

439,423.32

1,439,324.95

20,671,166.11

252,703.13

5,219,390.98

49,659.30

35,458.22

10,908,938.08

839,318.70

Total
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1.0

INTRODUCTION

The U.S. Army Corps of Engineers (USACE) Buffalo District developed an estimate of the
ground surface emission flux of radon at the Landfill Operable Unit (OU) of the Tonawanda
Landfill Formerly Utilized Sites Remedial Action Program (FUSRAP) Vicinity Property, for use
in the detailed analysis of alternatives. This estimation was used to determine whether the
remedial alternatives that leave FUSRAP-related materials in place would satisfy the identified
applicable or relevant and appropriate requirements (ARARs), and to support cost estimates used
during the detailed analysis of alternatives.

2.0

BACKGROUND

2.1

Radon

Radon is an odorless, tasteless and invisible gas that is produced as part of the natural decay of
uranium; specifically from the decay of radium-226 (Ra-226) in the uranium decay chain. Radon
is a proven carcinogen, and is the second leading cause of lung cancer after smoking. Radon is
ubiquitous in air due to naturally occurring uranium in soil and groundwater. Soils or residues
with elevated levels of Ra-226 will generate higher amounts of radon than soils with natural
background levels of Ra-226.

2.2

Applicable or Relevant and Appropriate Requirements for Radon

Section 121 (d) (2) (A) of the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) requires that remedial actions meet any federal standards, requirements,
criteria, or limitations that are determined to be legally applicable or relevant and appropriate.
One of the federal regulations that USACE has identified as an ARAR for Alternative 2: Singlelayer Cap, at the Landfill OU of the Tonawanda Landfill Vicinity Property is Title 10 of the
Code of Federal Regulations, Part 40 (10CFR40), Appendix A, Criteria Relating to the
Operation of Uranium Mills and the Disposition of Tailings or Wastes Produced by the
Extraction or Concentration of Source Material From Ores Processed Primarily for Their
Source Material Content; including Criterion 6(1), which states:
In disposing of waste byproduct material, licensees shall place an earthen
cover (or approved alternative) over tailings or wastes at the end of milling
operations and shall close the waste disposal area in accordance with a design1
which provides reasonable assurance of control of radiological hazards to (i)
be effective for 1,000 years, to the extent reasonably achievable, and, in any
case, for at least 200 years, and (ii) limit releases of radon-222 from uranium
byproduct materials, and radon-220 from thorium byproduct materials, to the
atmosphere so as not to exceed an average2 release rate of 20 picocuries per
square meter per second (pCi/m2 s) to the extent practicable throughout the
effective design life determined pursuant to (1)(i) of this Criterion. In
computing required tailings cover thicknesses, moisture in soils in excess of
amounts found normally in similar soils in similar circumstances may not be
considered. Direct gamma exposure from the tailings or wastes should be
reduced to background levels. The effects of any thin synthetic layer may not
be taken into account in determining the calculated radon exhalation level. If
E-2

non-soil materials are proposed as cover materials, it must be demonstrated
that these materials will not crack or degrade by differential settlement,
weathering, or other mechanism, over longterm intervals.
1.

2.

2.3

In the case of thorium byproduct materials, the standard applies only to design.
Monitoring for radon emissions from thorium byproduct materials after installation
of an appropriately designed cover is not required.
This average applies to the entire surface of each disposal area over a period of a
least one year, but a period short compared to 100 years. Radon will come from both
byproduct materials and from covering materials. Radon emissions from covering
materials should be estimated as part of developing a closure plan for each site. The
standard, however, applies only to emissions from byproduct materials to the
atmosphere.

Nuclear Regulatory Commission Regulatory Guide 3.64

The Uranium Mill Tailings Radiation Control Act gave the Nuclear Regulatory Commission
(NRC) the responsibility to ensure that the final disposal of uranium byproduct materials is
conducted in a way that will be protective of the environment and human health and public
safety, and also conforms to standards promulgated by the U.S. Environmental Protection
Agency. NRC Regulatory Guide 3.64, Calculation of Radon Flux Attenuation by Earthen
Uranium Mill Tailings Covers, describes methods acceptable for the calculation of radon fluxes
through earthen covers and for calculating minimum cover thicknesses needed to meet NRC and
U.S. Environmental Protection Agency standards. The guide also suggests methods for obtaining
the various parameters used in the flux calculations and suggests default values for certain
parameters.

3.0

CALCULATION OF RADON FLUX

In order to demonstrate that Alternative 2: Single-layer Capping of FUSRAP-related Material, in
this feasibility study for the Landfill OU, would meet the requirements of 10CFR40, Appendix
A, Criterion 6(1), USACE utilized the methodology developed by the NRC in Regulatory Guide
3.64 to estimate the ground surface radon emission flux from FUSRAP-related material in the
Landfill OU after implementation of the single-layer cap. In addition, though 10CFR40,
Appendix A, Criterion 6(1), was not identified as an ARAR for Alternative 3: Targeted Shallow
Removal and Off-site Disposal of FUSRAP-related Material, USACE also estimated the surface
radon emission flux after implementation of Alternative 3, as an additional measure to evaluate
the protectiveness of that alternative.

3.1

Radon Source Term

The potential ground surface radon flux depends on the radon source strength of the FUSRAPrelated material, and on the efficiency of the overlying soils and cover material in reducing the
flux. The key parameters that determine the radon source strength in the Regulatory Guide 3.64
methodology include the activity or concentration of Ra-226 in the tailings/waste, and the
thickness of the tailings/waste layer. The methodology in Regulatory Guide 3.64 assumes a
single layer of tailings/waste of uniform thickness and Ra-226 activity. In order to address the
heterogeneous nature of the FUSRAP-related material in the Landfill OU, USACE, Buffalo
District, instead calculated the average Ra-226 concentration from available USACE sampling
data in the following layers below ground surface (bgs):
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0 centimeters (cm) (0 feet [ft]) to 15 cm (0.5 ft) bgs,
15 cm (0.5 ft) to 30 cm (1 ft) bgs, and
Subsequent 30-cm (1-ft) thick layers down to a total depth of 7 meters (m) (23 ft) bgs.

To evaluate the partial excavation remedial alternative (Alternative 3), the database of USACE
sampling results was queried to find all of the samples that fall within the estimated partialexcavation footprints. These samples were then removed from the list of samples used to
calculate the average Ra-226 concentrations in the soil/waste layers, to represent the excavation
of the FUSRAP-contaminated soils in the first five feet bgs and replacement with clean backfill.
The average Ra-226 concentrations were then re-calculated with this revised data set for the
same layers as specified above.
The radon flux limit in 10CFR40, Appendix A, Criterion 6(1) applies to radon releases from
"uranium byproduct materials" not from naturally occurring levels of Ra-226. However, the
background concentration of Ra-226 was not subtracted from the sample data used to calculate
the radon flux for Alternatives 2 and 3. While this is not anticipated to have a major impact, it
does result in a higher Ra-226 source term and therefore a higher and more conservative
calculated radon flux. In addition, many of the soil samples in the database, that were used to
calculate the average Ra-226 concentrations, were collected from their soil borings based on
exhibiting the highest direct-scan readings in the soil cores. This would have the effect of biasing
high the average Ra-226 source term calculated from the data, which would again result in a
higher and more conservative calculated radon flux.

3.2

Soil Input Parameters

As stated in Section 3.1, the potential ground surface radon flux depends not only on the radon
source strength of the FUSRAP-related material, but also on the efficiency of the overlying soils
and cover material in reducing the flux. In the Regulatory Guide 3.64 methodology, the key
parameters that determine the efficiency of the soil cover in reducing the radon flux before it
reaches the ground surface include the dry bulk mass density (), the porosity (n), and the longterm average moisture content of the soils or tailings/waste (w). Regulatory Guide 3.64 suggests
default values for these parameters for uranium mill tailings piles. USACE, Buffalo District,
used these default values in calculating the radon flux for Alternatives 2 and 3, with the
exception of the long-term moisture content, which was increased from the default value of 6.0%
to 9.9%, to better represent the conditions found for the FUSRAP-contaminated soils in the
Landfill OU.
Using the Regulatory Guide 3.64 default parameter values for the dry bulk mass density and
porosity, for both the landfill material and the clay cap, will result in a more conservative
calculated radon flux value than using all site-specific or measured parameters. For example, a
compacted clay cap would typically be expected to have a higher mass density and lower
porosity than the waste materials, both of which would result in a lower radon flux through the
cap than the default parameters.
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3.3

Flux Calculation Methodology

USACE, Buffalo District, used a spreadsheet to calculate radon fluxes using the Regulatory
Guide 3.64 methodology. First, Equation 9 from the Regulatory Guide was used to calculate the
waste-layer radon flux (Jw) for each waste layer, using the average Ra-226 concentration, with
Th-230 in growth, as the source activity for that particular layer.
10

/

where
Jw = Radon flux of the waste layer being evaluated (pCi/m2 s)
Rw = Specific activity of Ra-226 in the waste layer (pCi/g)
w = Dry bulk mass density of waste layer (g/cm3)
Ew = Radon emanation coefficient for the waste layer (dimensionless)
 = Radon-222 decay constant (1/s)
Dw = Diffusion coefficients for radon in the total pore space of the waste layer (cm2/s)
xw = Thickness of waste layer (cm)
For all of the subsurface layers (i.e., those layers below the 0.0 – 0.5-ft surface layer), Equation
12 from the Regulatory Guide was used to calculate the radon flux at the ground surface (Js)
through the overlying soil/waste layers, using the depth from the ground surface as the thickness
of cover material over that layer.
2
1

1

2

where
Js = Radon flux at the ground surface through the overburden above the waste layer
(pCi/m2 s)
Jw = Radon flux of the waste layer being evaluated (pCi/m2 s)
xs = Thickness of overburden above waste layer (cm)
xw = Thickness of waste layer (cm)
as = Interface constant for overburden above waste layer (cm2/s)
aw = Interface constant for waste layer (cm2/s)
bs = Inverse relaxation length for overburden above waste layer (1/cm)
bw = Inverse relaxation length for waste layer (1/cm)
For the 0.0 – 0.5-ft surface layer, the ground surface radon flux, Js, equals the waste layer radon
flux, Jw, since there is no soil cover overlying the surface waste layer. The calculated ground
surface radon fluxes (Js) for each of the soil/waste layers were then summed together to
determine the total estimated radon flux at the ground surface. Figure 1 depicts this
methodology.
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Figure 1: Radon Flux Model for Targeted Shallow Removal and Off-site Disposal of
FUSRAP-related Material Alternative
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An additional radon flux calculation is added to the above methodology for the single-layer cap
remedial alternative. The ground surface radon flux for each soil/waste layer, Js, is used in
Equation 12 to calculate the radon flux through the 2-ft thick clay landfill cap, Jc, for each
soil/waste layer.
2
1

1

2

where
Jc =
Js =
xc =
xt =
ac =
at =
bc =
bt =

Radon flux through the single-layer cap (pCi/m2 s)
Radon flux at the ground surface for the waste layer (pCi/m2 s)
Thickness of the single-layer cap (cm)
Total thickness of overburden and the waste layer (cm)
Interface constant for the single-layer cap (cm2/s)
Interface constant for overburden and the waste layer (cm2/s)
Inverse relaxation length for the single-layer cap (1/cm)
Inverse relaxation length for overburden and the waste layer (1/cm)

The calculated fluxes through the cap for each soil/waste layer are again summed together to
determine the total estimated radon flux through the landfill cap. This methodology is depicted in
Figure 2.

4.0

RESULTS

Following the above methodology, the calculated total radon flux at the ground surface, summed
for all layers, following implementation of Alternative 2: Single-layer Capping of FUSRAPrelated Material, is 19 pCi/m2 s. Therefore, Alternative 2 will meet the radon flux limit of 20
pCi/m2 s established in the identified ARAR of 10CFR40, Appendix A, Criterion 6(1).
The calculated total radon flux at the ground surface, summed for all layers, following
implementation of Alternative 3: Targeted Shallow Removal and Off-site Disposal of FUSRAPrelated Material, is 6 pCi/m2 s. As explained above, while 10CFR40, Appendix A, Criterion 6(1)
is not an ARAR for Alternative 3, the calculated radon flux is still well below the 20 pCi/m2 s
limit.

5.0
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Figure 2: Radon Flux Model for Single-layer Capping of FUSRAP-related Material
Alternative
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