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EXECUTIVE SUMMARY

The decontamination and decommissioning (D&D) of radiologically contaminated facilities
present numerous challenges. Many tasks are involved, each of which requires adherence to a
complex array of federal and state regulations and policies, attention to health and safety issues
for workers and the public, monitoring and management of schedules and costs, and interaction
with a potentially large number of stakeholders who have an interest in the present activities and
future plans for sites undergoing D&D. Even the terms “decontamination” and
“decommissioning” are subject to variations of definition. For the purposes of this document,
“decontamination” refers to the removal or reduction of radioactive or other hazardous
contamination from facilities, including both structural and nonstructural materials and
equipment. The objective is to reduce radiation risk and/or exposure to be protective of public
and worker health and safety and the environment. “Decommissioning” refers broadly to actions
taken at the end of the life of a facility to retire it from service. The objective is to enable reuse
or safe disposition of facilities and equipment. For radiologically contaminated facilities, the
decommissioning process generally incorporates some or all of the following activities: the
deactivation and safe management of radioactive and other wastes; plant decontamination
dismantling, and demolition; and site remediation.

Presently, there are 104 operating nuclear power reactors in the United States, including both
pressurized-water and boiling-water types. These plants produced 790 billion kilowatt-hours of
electricity in 2004. Since 1960, more than 70 test, demonstration, and power reactors have been
retired, most of them relatively small. The first commercial-scale nuclear plant decommissioned
was Shippingport (Pennsylvania), in 1989. Since then, 14 nuclear plants, each greater than 100
megawatts, have been shut down and decommissioned. Currently, 16 power reactors and 14
test/research reactors are permanently shut down and undergoing decommissioning (IAEA
2006¢). The U.S. Department of Energy (DOE) has also had some recent successes in closing
sites. Cleanups at the Rocky Flats Site (Colorado), the Kansas City Plant (Missouri), and the
Lawrence Livermore National Laboratory Main Site (California) were all completed in 2006.
Cleanups were completed in 2006 at the Ashtabula, Columbus, and Fernald Projects (all in
Ohio). Cleanups are scheduled for completion in 2007-2008 at the Miamisburg Environmental
Management Projects (Ohio), the Lawrence Berkeley National Laboratory (California), the
Inhalation Toxicology Laboratory (New Mexico), the Pantex Plant (Texas), and the Lawrence
Livermore National Laboratory Site 300 (California).

The purpose of this document is to compile and make available some of the experience and
knowledge acquired in recent years from facilities that have completed a D&D process. It
provides guidance on D&D to regulators, the public, project managers, cleanup contractors,
technology providers, and others with an interest or a need for information about this topic.

The document introduces D&D by describing the general D&D processes, examining the types
of facilities undergoing D&D, and introducing regulatory authorities typically applicable to
D&D activities. Subsequent sections further address major elements of the D&D undertaking—
the regulatory framework (discussing the decommissioning requirements of the Nuclear
Regulatory Commission, the Environmental Protection Agency, and DOE), costs, technologies,
and health and safety. The document summarizes case studies of select closure sites, where some

il



of the potential problems and decisions involved in the D&D process are explored. In addition,
stakeholder perspectives on the D&D process are included. The document concludes by
providing a distillation of lessons learned and factors for success of D&D process that the ITRC
Radionuclides Team compiled during the development of this document.

The examples used in this document are by no means comprehensive. Its introductions to
technologies are not all-inclusive as new technologies continue to be developed in response to
specific needs at facilities undergoing D&D. Further, the case studies it presents are intended to
serve as a sampling of the large variety of facilities that may undergo D&D. The greater
representation of DOE sites in the case studies presented is reflective of the perspective of the
state regulator authors. Further, the majority of the collective experience and knowledge of D&D
has come from DOE sites.

It should be noted that D&D is part of the larger process of site closure and should be understood
as such. At any given site, any D&D project may present complex overlaps with other regulatory
processes, stakeholder concerns, environmental issues, natural resources damage assessments,
tribal concerns and treaty issues, monitoring and long-term stewardship, etc. However, the scope
of this document is limited to considerations directly related to D&D.
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DECONTAMINATION AND DECOMMISSIONING OF RADIOLOGICALLY
CONTAMINATED FACILITIES

1. INTRODUCTION

Decontamination and decommissioning (D&D) is part of the larger process of site closure and
should to be understood as such. At any given site, any D&D project may present complex
overlaps with other regulatory processes, stakeholder concerns, environmental issues, natural
resources damage assessments, tribal concerns and treaty issues, monitoring, and long-term
stewardship. D&D of radiologically contaminated facilities can be a challenging task. Each
D&D activity requires adherence to a complex array of federal and state regulations and policies,
attention to health and safety issues for workers and the public, monitoring and management of
schedules and costs, and interaction with a potentially large number of stakeholders during both
present activities and future site plans.

This document introduces D&D by describing the general D&D processes, examining the types
of facilities undergoing D&D, and introducing regulatory agencies typically applicable to D&D
activities. Subsequent sections further address major elements of the D&D undertaking—the
regulatory framework (discussing the decommissioning requirements of the Nuclear Regulatory
Commission [NRC], the U.S. Environmental Protection Agency [EPA] and the U.S. Department
of Energy [DOE)), costs, technologies, and health and safety. Some of the potential problems
and decisions involved in the D&D process—explored successes as well as some of the
problems associated with the D&D process—are presented through in a set of case studies of
sites that have undergone D&D. In addition, a stakeholder perspective on D&D issues is
examined. The document concludes by providing a distillation of lessons learned about D&D
activities.

Definition of the terms “decontamination” and “decommissioning” vary among different
agencies or departments. For the purposes of this document, “decontamination” and
“decommissioning” and the main steps of the process are defined as follows.

e “Decontamination” is an activity and refers to the removal or reduction of radioactive and/or
other hazardous contamination from facilities, including structural and nonstructural
materials and equipment. The decontamination activity can take place at any point in the
decommissioning process (see Figure 1-1) and generally occurs more than once. Implicit in
the understanding of decontamination is the need to characterize the radioactive hazards both
before and after the decontamination process to determine the risks associated with the level
of contamination. The objective is to reduce radiation risk and exposure to a level that is
protective of public health and safety, worker health and safety, and the environment.
Decontamination technologies include chemical, electrochemical, and thermal processes as
well as mechanical cleaning, washing, and other techniques. Decontamination methods may
include the use of remote techniques that reduce the risk of worker exposure, in situ
decontamination methods that reduce the generation of secondary wastes or reduce the
requirement for waste handling and processing, and methods for decontaminating
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inaccessible areas. For example, decontamination can be a stand-alone operation conducted
at a facility that is in operation and will remain so after the decontamination is completed.

Decide the Fate of the Facility

Applicable Sections in this Document

Will the operational status of the facility change? Section 2: NRC Decommissioning Requirements

What is the future land use for the site? Section 3: Decommissioning Requirements Under CERCLA
Has the public had input into the future land use decision? Section 4: Decommissioning Requirements at DOE Sites
Should this facility be demolished, deactivated for long-term Section 5: Project Management and Cost Elements
surveillance and monitoring (S&M), or decontaminated for reuse? Section 9: Stakeholder Concerns

Section 10: Lessons Learned and Conclusions

Determine Contaminants of Concern and

Appropriate Cleanup Levels Applicable Sections in this Document
e  What is the regulatory framework governing contaminants and cleanup Section 2: NRC Decommissioning Requirements
levels? Section 3: Decommissioning Requirements Under CERCLA
e Are records of the facility operations available? Section 4: Decommissioning Requirements at DOE Sites
e Is characterization adequate to determine contamination levels and Section 7: Health and Safety
safety hazards (or more broadly to meet all data objective criteria)? Section 10: Lessons Learned and Conclusions

. To what level(s) must the facility be remediated? (Note that this will
depend on planned end state).

HEm kv etz el Applicable Sections in this Document

. What technologies are available, and how do they compare? Section 2: NRC Decommissioning Requirements

e What amount and types of resources will be required? Section 3: Decommissioning Requirements Under CERCLA

e  Are there nearby structures, utilities, or areas of contamination that Section 4: Decommissioning Requirements at DOE Sites
must be considered? Section 5: Project Management and Cost Elements

. In what sequence must tasks occur? Section 6: Technology for D&D

e  Are funding sources established for the entire project? Section 7: Health and Safety

e  Are radiological, chemical, and physical hazards that might affect Section 8: Case Studies from D&D Closure Sites
worker safety identified? Section 9: Stakeholder Concerns

Section 10: Lessons Learned and Conclusions

Perform D&D of the Facility Applicable Sections in this Document

e Has the facility been deactivated to achieve a safe shutdown Section 2: NRC Decommissioning Requirements
condition? (Note that this may not be required if the path is direct to Section 3: Decommissioning Requirements Under CERCLA
decommissioning). Section 4: Decommissioning Requirements at DOE Sites

e Has the facility been decontaminated and/or have any parts of it been Section 5: Project Management and Cost Elements
dismantled? Section 6: Technology for D&D

« Have waste streams been characterized and disposed of? Section 7: Health and Safety

Section 8: Case Studies from D&D Closure Sites
Section 9: Stakeholder Concerns
Section 10: Lessons Learned and Conclusions

. Are modifications to the remediation plan necessary?

Close/Transfer the Facility

Applicable Sections in this Document

. Is there a plan for long-term surveillance and maintenance?

. Has the facility been placed into safe storag_;e (if applicable)? ) Section 2: NRC Decommissioning Requirements

. Has _property management and/or ownership been transferred (if Section 3: Decommissioning Requirements Under CERCLA
applicable)? Section 4: Decommissioning Requirements at DOE Sites

. Does sampling confirm tlhat cleanup Ievel§ have been met? ; Section 5: Project Management and Cost Elements

. Have all regulatory requirements been satisfied? (For example, if the Section 8: Case Studies from D&D Closure Sites
Nuclear Regulatory Commission (NRC) process is followed, issues Section 9: Stakeholder Concerns
such as license termination, etc. must be met). Section 10: Lessons Learned and Conclusions

Facility Closure/Transfer

Figure 1-1. General decision sequence for decommissioning projects keyed to applicable
sections in this document.

It can also be an operation closely associated with, and often preceding, decommissioning. It
should be noted that some definitions of decommissioning include decontamination. It
should also be noted that, in addition to contamination by radiological material, there is
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frequently contamination by chemicals or other hazardous materials that also must be dealt
with, usually in concert with the radiological material. Though this document is focused on
radiological decontamination, maintaining awareness of nonradiological, hazardous
contaminants that are coextensive with the radiological contaminants is extremely important,
especially since removing both types of contaminant in a single waste stream may result in
mixed waste (MW), giving rise to serious complications in subsequent management and
disposition. Decontamination is often followed by decommissioning.

e “Decommissioning” is a process and refers broadly to actions taken at the end of the life of a
facility to retire it from service. The objectives are to enable reuse or safe disposition of
facilities and equipment. For radiologically contaminated facilities, the decommissioning
process generally incorporates some or all of the following activities: deactivation and safe
management of radioactive and other wastes, plant dismantling, demolition, and site
remediation. Following successful decommissioning, residual contamination may require
monitoring, institutional controls, and maintenance. Depending on the situation, the site may
be released for appropriate alternative use.

The specific actions constituting the decommissioning process vary with the facility and with
the particular situation at the facility, but Figure 1-1 nevertheless represents the sequence of
steps and links them to the relevant sections of this document.

It should also be noted that the term “D&D” is widely used in the literature to refer to a number
of combinations of the “D” terms associated with the general decommissioning process—
decommissioning, deactivation, decontamination, demolition, dismantlement, disposition—and
has thus become almost a “textual icon” rather than an acronym. Throughout this document the
term “D&D” is used to refer to decontamination and the overall process of decommissioning, as
defined above.

1.1 Purpose

The purpose of this document is to provide guidance on D&D of radiologically contaminated
facilities primarily to state regulators and public stakeholders. This document is also expected to
be useful to facility owners, cleanup contractors, technology providers, and others involved in
the D&D portion of the cleanup process at these sites.

In addition to explaining the process and regulatory basis, this document provides summary
information on a range of technologies and their costs that are applicable throughout the D&D
process and describes health and safety measures that should be taken at radionuclide-
contaminated sites. Case studies of sites that have undergone D&D are provided to document
successes as well as potential problems.

1.2 Types of Facilities Undergoing Decontamination and Decommissioning

The majority of decommissioning activities in the United States occur in two sectors: facilities
licensed by the NRC or agreement states and sites that come under the purview of
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Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
including DOE and Department of Defense (DOD) sites.

During the course of nuclear weapons research and development (R&D) and production
activities, the federal government built and used more than 20,000 facilities, including
production reactors, research reactors, chemical-processing facilities, uranium-production
facilities, plutonium-production facilities, gaseous diffusion plants, hot cells, waste management
facilities, and others. Some military bases were also contaminated as these weapons were
deployed. Cleaning up the legacy left by nuclear weapons R&D and production is the largest and
most expensive environmental project ever undertaken. More than 10,000 facilities are now
surplus as the result of changes to the DOE mission and/or facility consolidation and
obsolescence. More than 3,000 of these facilities have been decommissioned or are now slated
for decommissioning within the DOE Environmental Management Program’s life-cycle baseline,
including some of the largest, most complex facilities in the world. Many are contaminated with
both radioactive and hazardous substances, such as asbestos, beryllium, lead, and
polychlorinated biphenyls (PCBs). Through 2006, more than 1,500 facilities had been
decommissioned by DOE, including nuclear, radioactive, and industrial facilities. Of particular
significance is the recent decommissioning of all the facilities at the Rocky Flats (Colorado) Site
and the Fernald (Ohio) Environmental Management Project, both completed in 2006. Many
more facilities transitioned from operating status to cleanup status in 2007.

The U.S. nuclear energy industry has considerable experience in decommissioning nuclear
reactors. Nuclear energy provided the United States with nearly 21% of its electricity in 2002.
These plants produced 790 billion kilowatt-hours of electricity in 2004. Presently, there are 104
operating nuclear power reactors in the United States, including both pressurized-water and
boiling-water types. The first commercial-scale nuclear plant decommissioned was Shippingport
(Pennsylvania), in 1989. Since then, 14 nuclear plants, each greater than 100 megawatts, have
been shut down and decommissioned. Currently, 16 power reactors and 14 test/research reactors
are permanently shut down and undergoing decommissioning (IAEA 2006c¢).

In addition, thousands of commercial facilities (industrial sites, research facilities, medical
facilities, etc.) licensed to handle radioactive materials may be required to undergo
decommissioning. Since 1960, more than 70 test, demonstration, and power reactors have been
retired, most of them relatively small. Approximately 200 NRC materials licenses are terminated
each year. NRC Agreement States (states that have entered an agreement with the NRC to
regulate certain radioactive materials within their borders) also terminate a substantial number of
licenses each year. Most of these license terminations are routine, and the sites require little, if
any, remediation to meet the NRC unrestricted-release criteria. However, some present technical
and policy challenges that require large expenditures of NRC staff resources, including a few
sites that have requested license termination under the restricted-use provisions of NRC
regulations.



ITRC — Decontamination and Decommissioning of Radiologically Contaminated Facilities January 2008

1.3 Regulatory Agencies and Authorities Relevant to Decontamination and
Decommissioning

Radiologically contaminated sites pose unique challenges and risks. A regulatory framework for
cleanup of radioactive wastes has evolved in a piecemeal fashion since the late 1940s. This
regulatory framework has often focused on the source rather than on inherent radiological
properties or risk. Agencies involved in nuclear materials regulation and decommissioning
include NRC, DOE, EPA, DOD, the U.S. Department of Transportation (DOT), the Defense
Nuclear Facilities Safety Board (DNFSB), and the individual states.

The Atomic Energy Act (AEA) of 1946 gave the federal government control of the production
and use of fissionable material and established the Atomic Energy Commission (AEC) to
exercise this control. Amendments were made in 1954 to update the act in the light of
technological advances, 1959 to include a role for the states, and other subsequent modifications
in 1964, 1978, 1984, 1986, and 1988. The Energy Reorganization Act of 1974 abolished AEC,
creating instead the Energy Research and Development Administration (which became DOE
when the Department of Energy Organization Act passed in 1977) to assume AEC’s R&D
responsibilities and NRC to assume AEC’s licensing and regulatory functions. NRC has the
authority to license both commercial nuclear facilities and the possession of nuclear materials.
NRC regulates the following:

e commercial nuclear power plants

e research, test, and training reactors

e fuel cycle facilities

e medical, academic, and industrial facilities

e transportation, storage, and disposal of nuclear materials and waste

NRC’s mission is to ensure the protection of public health and safety, to promote the common
defense and security, and to protect the environment by the safe use of radioactive materials. To
these ends, NRC develops regulations for the safe use and remediation of radioactive materials at
its licensed sites. Section 2 of this document describes decommissioning requirements at NRC-
regulated sites.

The AEA provides for NRC to discontinue authority over certain radioactive materials and for
state governments to assume that same authority. Currently, 33 states (see Figure 1-2) have
assumed this authority and regulate over 17,000 materials licenses. They are called “Agreement
States™ since they have a written agreement with NRC. Once an Agreement State has legislation,
regulations, and a radiation protection program in place, NRC relinquishes its authority under
Section 274 of the AEA, as amended. The AEA requires NRC to periodically review (under its
Integrated Materials Performance Evaluation Program) each Agreement State’s program and
regulations to ensure they continue to protect public health and safety and are compatible with
NRC requirements. State radiation control programs can enforce more restrictive limits than
NRC’s and as a result, many varied state, local, and federal rules and regulations have been
developed independently of each other. As a result of the need for consistency, the Council of
Radiation Control Program Directors was established in 1968 to promote uniform radiation
protection regulations and activities. States do not enforce AEA jurisdiction over federal
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facilities; however, state regulations can be applied at federal facilities as “applicable or relevant
and appropriate requirements” (ARARs) through CERCLA.

m Agreement States Hon-Agreement States Letter of Imtent-AS

Figure 1-2. Nuclear Regulatory Commission Agreement States.

DOE was formed in 1977 to unify energy organization and planning, including nuclear energy
technology, nuclear weapons programs, and environmental cleanup of DOE’s contaminated
sites. Currently, DOE is responsible for a wide range of energy-, science-, and weapons-related
activities, as well as managing low- and high-level radioactive waste generated by past weapons
production and research; constructing and maintaining a repository for civilian radioactive waste
generated by commercial nuclear reactors; and conducting and overseeing the decommissioning
and remediation of DOE facilities. See Section 4 for more information on the decommissioning
process at DOE sites.

EPA was created in 1970 to address a growing public demand for protection of human health
and natural resources: cleaner water, air, and land. EPA was given authority to improve and
preserve the quality of the environment on national and global levels by implementing and
enforcing environmental laws, setting environmental guidelines, monitoring pollution,
performing research, and promoting pollution prevention. CERCLA, also known as Superfund,
was enacted to protect citizens from the dangers posed by abandoned or uncontrolled hazardous
waste sites. EPA has broad response authority under CERCLA to address cleanup of radioactive
contamination through the National Contingency Plan (NCP). As with all hazardous substances,
CERCLA requires cleanup of radionuclides to limit the risk to a specified range, as well as
compliance with certain other laws and regulations. See Section 3 for more information. The
Superfund program maintains the National Priorities List (NPL) of the most contaminated sites
in the United States, and, depending on the terms of the site-specific interagency agreement,
EPA is often the lead regulatory agency at DOE NPL sites. If a site-specific interagency
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agreement is in place, the lead regulatory agency designation may be shared with another agency
(e.g., a state agency). EPA also has a memorandum of understanding (MOU) with NRC
regarding residual levels of radioactivity at NRC-regulated sites undergoing license termination.

An independent federal agency, DNFSB was established by Congress in 1988. The board’s
mandate under the AEA is to provide safety oversight of the nuclear weapons complex operated
by DOE. DOE activities that fall under the jurisdiction of the DNFSB include maintaining
readiness of the nuclear arsenal, dismantling surplus weapons, disposing of excess radioactive
materials, cleaning up surplus facilities, and constructing new facilities. The DNFSB is required
to ensure that all these activities are carried out by DOE in a manner that adequately protects the
public, workers, and the environment.

1.4 Different Decommissioning Approaches at Different Agencies

Since D&D under either AEA or CERCLA involves different regulatory authorities, there are
fundamental differences between the regulatory frameworks used to characterize, clean up, or
remove a site from regulatory oversight. The processes to determine acceptable exposure limits
for workers and the public also differ.

NRC’s regulatory process for facility decommissioning first derives cleanup goals (a “derived
concentration guideline level,” or DCGL) based on an annual radiation dose and then performs
any necessary site characterization. A licensee demonstrates compliance by comparing
characterization data with DCGLs in a final survey.

EPA’s approach to evaluating radioactively contaminated sites considers cumulative excess
cancer risk plus total noncancer risk from both radionuclides and chemicals. This approach also
includes compliance with standards that are determined to be applicable or relevant and
appropriate. Details about various other differences between these two approaches are described
in Determining Cleanups at Radioactively Contaminated Sites: Case Studies (ITRC 2002). That
report found that, “neither approach necessarily leads to more conservative cleanup values than
the other.” When numerical values for various radionuclides derived using these two different
approaches are compared, substantial differences have been noted (Peters, Lively, and Walter
2005).

States’ environmental cleanup programs vary, but some states and sites have used a framework
that integrates elements of both NRC and EPA approaches. This hybrid approach, sometimes
called a “risk-based corrective action” (Peters, Lively, and Walter 2005), compares
characterization data with default or site-specific cleanup levels.

1.5 Organization of this Document

This document is organized as follows. Sections 2 and 3 discuss regulatory requirements and
processes for D&D under the NRC and CERCLA requirements, respectively. Section 4 outlines
DOE decommissioning requirements. Section 5 provides information on the various factors
affecting D&D project costs consistent with the major elements of managing a D&D project.
Section 6 provides introductory descriptions of several technologies that have been applied in
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previous D&D activities. Section 7 outlines health and safety considerations at sites that are
undergoing D&D. Section 8 provides detailed case studies of D&D actions taken at private and
government-owned facilities that are radiologically contaminated. Section 9 provides
information on stakeholder perspectives on the D&D process. Section 10 provides a distillation
of lessons learned for D&D activities, and Section 11 contains references cited in the text.
Appendix A provides additional information resources pertinent to several sections in this
document. Appendix B provides information about international agencies involved with D&D in
other countries. Appendix C defines terms. Appendix D provides contact information for
members of the ITRC Radionuclides Team, and Appendix E provides a list of acronyms used
throughout the text.

2. NUCLEAR REGULATORY COMMISSION DECOMMISSIONING
REQUIREMENTS

The D&D process comprises a sequence of steps that takes a facility from predecision to
closeout, and if necessary, to long-term surveillance and monitoring. This section discusses
primary components of the decommissioning process for NRC facilities. Under the AEA, NRC
has established a number of regulations related to decommissioning, including regulations that
address radiological criteria for decommissioning, requirements for decommissioning plans,
timeliness requirements for submittal of decommissioning plans and related documents, and
decommissioning funding plans. NRC reviews and approves the decommissioning of nuclear
power plants and other NRC-licensed facilities on an individual basis and conducts inspections
to ensure compliance with regulations.

For NRC licensees, decommissioning means “removing a nuclear facility from service and
reducing residual radioactivity to a level that permits termination of the license.” The NRC
group that licenses operating nuclear power plants, the Office of Nuclear Reactor Regulation,
has responsibilities during the initial stages of decommissioning and has complete responsibility
for regulating the decommissioning of research and test reactors. For nuclear power reactors,
Office of Nuclear Material Safety and Safeguards (NMSS) Division of Waste Management is
responsible for overseeing reactor licensees during final stages of decommissioning, after fuel
has been removed from the spent fuel pool, and for approving termination of the license when
the decommissioning activities have been completed. The Division of Waste Management also
provides technical guidance on decommissioning reviews and support for all nonreactor
licensees.

2.1 NRC Decommissioning Processes

The term “nuclear facility” is used to describe those facilities that use radioactive material in
amounts that require actions to ensure that the material is managed safely. Sometimes larger
facilities, such as reactors and accelerators, are further subdivided into smaller units that may be
designated as separate nuclear facilities.

The decision to D&D a nuclear facility is actually preceded by a decision to stop or alter the
operational status of that facility. When nuclear facilities attain nonoperational status, they are
decommissioned for a variety of reasons. The lead agency or responsible party is generally
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responsible for determining whether decommissioning of a facility proceeds directly to
demolition or if it is deactivated and monitored for an extended period. Extending the life of a
facility rather than decommissioning often makes economic sense and involves evaluations of
detailed life-cycle cost projections and engineering cost analysis. For example, steam generators
in nuclear power plants may require replacement, taking the plant out of service for several years
and at a great expense. That decision would be weighed against the lost generation capability if
the facility proceeds with decommissioning. As facility operations cease or change, plans and
resources must be in place to maintain facility safety and security until a stable end-state is
achieved. From a life-cycle perspective, the decision to stop facility operations should pave the
way—in terms of both planning and resource availability—for subsequent decisions to achieve
final end-state for the facility.

Specification of the end-state depends on which overall decommissioning alternative is chosen.
Based on early studies, NRC described three decommissioning options for nuclear power plants:
DECON, SAFSTOR, and ENTOMB. Under DECON (immediate dismantlement), soon after the
nuclear facility closes, equipment, structures, and portions of the facility containing radioactive
contaminants are removed or decontaminated to a level that permits release of the property and
termination of the NRC license. Under SAFSTOR, often considered “delayed DECON,” a
nuclear facility is monitored and maintained in a condition that allows the radioactivity to decay
to predetermined levels; afterwards, it is dismantled. Under ENTOMB, radioactive contaminants
are encased in a structurally sound material such as concrete and appropriately maintained and
monitored until the radioactivity decays to a level permitting release of the property. The facility
owner may also choose to adopt a combination of the first two options in which some portions of
the facility are dismantled or decontaminated while other parts of the facility are left in
SAFSTOR. The decision may be based on factors besides radioactive decay, such as availability
of waste disposal sites. The facility end-state decision must consider long-term surveillance and
care as well as other responsibilities, the safety of the decommissioning workers, and alternative
long-term uses of the site.

D&D actions must be conducted to reduce the potential health and safety impacts of
contaminated facilities during the various phases of decommissioning, whether the nuclear
facilities are dismantled, encased, or converted to other uses. The probable decommissioning
activities and associated costs, as well as available funding profiles for each option, should be
evaluated. Many factors must be considered when determining the decommissioning path.
Foremost may be the life-cycle cost projections for decommissioning compared with the
projected cost(s) of ongoing surveillance and maintenance (S&M) (see Section 5). Factors such
as facility hazards (e.g., seismic) and physical condition may also be important. In some cases,
part of a facility may remain operational for the foreseeable future; this aspect, as well as the
proximity of other contaminated facilities, is important when making decisions that concern the
disposition path.

Records of the nuclear facility and its operational history—especially those pertaining to waste
management and possible workforce exposure to contaminants—must be both conscientiously
maintained and retrievable. Issues may arise between the operating and decommissioning
programs regarding the level of information needed to characterize unknown (current and future)
conditions of the facility. The operating and decommissioning programs should work closely
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together to maximize information transfer, which will help minimize costs of implementing the
plans.

2.2 Decommissioning Commercial Nuclear Facilities

The D&D of commercial nuclear facilities is regulated by NRC or Agreement States. NRC
currently regulates 103 civilian nuclear power reactors and 37 nonpower reactors. While NRC is
generally not directly involved in regulating the decommissioning of DOE’s nuclear facilities,
they regularly cooperate and exchange technical expertise on D&D matters. The public and
facility workers are protected by a comprehensive set of federal regulations enforced by NRC.

NRC issued a rule establishing dose-based cleanup standards for all decommissioned facilities
under its authority (10 Code of Federal Regulations [CFR] Pt. 20, Subpart E). This rule
established criteria for both restricted and unrestricted use of the facility after decommissioning
and license termination. NRC uses a performance-based standard that requires demonstration of
potential exposures—considering all sources and pathways—to an individual of the public less
than 25 millirems in one year. In addition, cleanup is implemented in conjunction with any
nonradiological contamination that may be present at the facility. These cleanup standards are
implemented by decommissioning facilities in conjunction with other federal and state
regulations governing facility closure. NRC conducts inspections to assess cleanups and ensure
compliance with regulations.

NRC has developed guidance to assist licensees in complying with the regulations, including
standard format and content, standard review plans, and technical guidance in support of the
decommissioning process. In 2007, NRC’s NMSS updated numerous decommissioning guidance
documents into a three-volume NUREG-1757, Consolidated Decommissioning Guidance:
Decommissioning Process for Materials Licensees. The three volumes establish regulations that
address radiological criteria for decommissioning, requirements for and contents of
decommissioning plans and related submittals, timeliness requirements for submittal of
decommissioning plans and related documents, and decommissioning funding plans. NUREG-
1757 describes the risk-informed, performance-based approach for the information needed to
support an application for decommissioning a materials license and compliance with the
radiological criteria for license termination in 10 CFR Part 20, Subpart E. The approaches to
license termination described in this guidance will help to identify the information (subject
matter and level of detail) needed to terminate a license by considering the specific
circumstances of the wide range of radioactive materials users licensed by NRC. Volume 1 of
NUREG-1757 applies to the decommissioning of materials facilities licensed under 10 CFR
Parts 30, 40, 70, and 72 and to the ancillary surface facilities that support radioactive waste
disposal activities licensed under 10 CFR Parts 60, 61, and 63.

NRC reviews and approves decommissioning of nuclear power plants and other facilities
licensed by NRC where radioactive materials are used on a case-by-case basis. (Note: Parts of
NUREG-1757 are applicable to reactor licensees.) For power plants, NRC has found that
allowing the radioactivity to decay for periods longer than 30 years during SAFSTOR reduces
the safety issues for workers, the generation of low-level waste (LLW), and the costs of
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decommissioning. However, SAFSTOR must be weighed against immediate dismantlement
options that would not require an extended S&M program and alternative use(s) for the site.

Decommissioning a nuclear power plant can be characterized as “construction in reverse,” with
particular emphasis placed on ensuring industrial safety, which is regulated by the Occupational
Safety and Health Administration (OSHA). EPA and appropriate state agencies play a significant
role in ensuring the health and safety of the public and workers.

Portions of NRC’s authority to regulate the use of reactor-produced isotopes, the source
materials uranium and thorium, small quantities of Special Nuclear Material (SNM), uranium
mill tailings, and the disposal of LLW have been relinquished to individual states (under Section
274 of the AEA, as amended). States authorized to promulgate regulations on radioactivity
(Agreement States, see Section 1.3) are also likely to be concerned about D&D activities at such
facilities and will enforce their own regulations which may be equivalent to, or stricter than,
NRC requirements. States enforce those regulations at sites undergoing D&D and are consulted
as stakeholders on D&D of nuclear facilities in their state that are regulated by NRC.

Other NRC guidance may be useful when planning and executing D&D projects. Applicants for
licenses may find the NRC’s environmental review guidance useful—NUREG-1748,
Environmental Review Guidance for Licensing Actions Associated with NMSS Programs.
NUREG 1575 is a consensus document developed jointly by NRC, DOE, DOD, and EPA to
provide guidance for planning, implementing, and evaluating facility and environmental
radiological surveys conducted to demonstrate compliance with a dose- or risk-based regulation.
When issued, NUREG-1575, Supplement 1, Multi-Agency Radiation Survey and Assessment of
Materials and Equipment Manual (MARSAME), will provide a multiagency approach for
planning, performing, and assessing disposition surveys of materials and equipment, while at the
same time encouraging an effective use of resources.

2.3 Radioactive Waste Management

In the United States, radioactive waste is generally defined by a combination of processes from
which it was generated and its radionuclide content rather than by its radionuclide content alone.
This approach—similar to certain classifications of hazardous wastes as defined under the
Resource Recovery and Conservation Act (RCRA)—means that knowledge of the process used
to generate the waste or the source of the waste can be important to planning for proper
disposition. Waste classification is complex; it depends on a number of factors, including how
the waste was generated, when it was generated, who generated it, the radionuclides present and
their specific activity, whether or not the activity was licensed, whether there are other
comingled contaminants, and security considerations. The DOE Radioactive Waste Management
Manual (DOE M 435.1-1) explains the classification process for radioactive waste types.
Because of the many complexities involved, a specialist in this area should be consulted to
determine the proper classification of a waste stream as well as the laws and regulations that
apply to the waste as a result of the classification. The major classifications of radioactive waste
are high-level waste (HLW), transuranic (TRU) waste, LLW, MW, and special-case waste.

11
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2.5.1 High-Level Waste

HLW includes spent (used) fuel from nuclear reactors and waste generated from reprocessing of
spent fuel. Spent fuel contains all of the fission and activation products generated by use in the
nuclear reactor as well as the remaining uranium. Commercial fresh fuel (fuel ready to enter a
reactor) in the United States is essentially 100% uranium oxide. When spent fuel exits a
commercial U.S. reactor, its composition is approximately 96% uranium oxide, 1% other
actinide elements, and 3% fission products (see Figure 2-1). The TRU elements and fission
products drive the hazards present with spent fuel and waste from reprocessing. Spent fuel is
ordinarily stored at the site that generated it. The United States does not reprocess spent fuel
commercially, although in the past, both commercial as well as DOE reprocessing was allowed.

Minor Actinides 0.1%

Plutonium 0.9%

Uranium 95.6%

| ———k — Long-lived | and Tc 0.1%

\: ~Cs and Sr 0.3%

| Other Long-lived Fission
Products 0.1%

Stable Fission Products

Isotopic Basis

Figure 2-1. Approximate composition of spent fuel, based on DOE data. “Other”
actinides include plutonium and minor actinides, and all remaining categories are included in
fission products.

HLW from reprocessing generally contains more than 99% of the nonvolatile fission products
produced during reactor operation. Most fission products have short half-lives and decay
quickly. When initially generated, HLW 1is a highly radioactive material that generates
significant amounts of heat and usually requires special handling. It can be processed into a
variety of physical forms (e.g., alkaline or acidic supernatant liquid, sludge, salt cake, or calcine
solid), all of which must be stored behind heavy shielding. In the past, HLW often took the form
of underground tanks or bins. Most of DOE’s inventory of HLW is stored at three facilities: the
Hanford Reservation in Washington State, the Savannah River Site (SRS) in South Carolina, and
the Idaho National Engineering and Environmental Laboratory (INEEL). It should be noted that,
while DOE defines HLW as reprocessing waste only, NRC defines HLW as including both
reprocessing waste and spent nuclear fuel (SNF).

SNF is spent nuclear fuel assemblies produced from commercial or government-owned nuclear
reactors. SNF that has been discharged from a reactor after irradiation contains fission
radionuclides with much higher radioactivity levels than the radionuclides found in other waste
forms. Freshly discharged, spent fuel is both physically and radioactively “hot” and must be
handled, transported, and stored using heavy shielding and neutron-moderating materials with
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provisions for appropriate venting due to heat buildup. At nuclear reactor sites, SNF is
temporarily stored in pools and/or in aboveground, dry-storage facilities.

Currently, HLW is required to be converted into a solid form—such as borosilicate glass, which
is not readily dispersed into the air or leached into the ground or surface water—and then
disposed belowground in a geologic repository. The purpose of geologic disposal is to prevent
any exposure to the public and to rely on engineered barriers, geologic features, and natural
processes to delay and minimize the release of radionuclides to the environment.

In 1987, Congress focused site characterization activities for construction of a geologic
repository for spent nuclear fuel and HLW at Yucca Mountain, Nevada; in 2002, based on DOE
input, the President recommended and Congress approved the site. The Yucca Mountain project
plans to submit a license application to NRC in 2008. HLW may be considered as MW since it
contains hazardous components, though its treatment and planned disposal pathway mean that it
does not suffer from the management problems that beset other MW (see Section 2.3.4).

2.3.2 Transuranic Waste

TRU waste is defined by DOE Order 435.1, Radioactive Waste Management (July, 1999) as
radioactive waste containing more than 100 nCi (3700 Bq) of alpha-emitting TRU isotopes
(isotopes of elements with an atomic number >92, i.e., that of uranium) per gram of waste. TRU
waste is stored either at the waste-generating facility or at a designated DOE facility. Storage
methods include retrievable burial, underground bunkers, concrete caissons, aboveground
concrete pads, and inside buildings. DOE performs disposal of some TRU waste at the Waste
Isolation Pilot Plant (WIPP) in Carlsbad, New Mexico, the world’s first underground repository
licensed for disposal of TRU waste generated during nuclear weapons production. Disposal is in
bedded salt approximately 700 m below ground surface. WIPP began accepting TRU waste in
1999. As with HLW, TRU waste may be considered as MW, though once again, its treatment
and planned disposal pathway mean that it does not suffer from the management problems that
beset other MW (see Section 2.3.4).

2.3.3  Low-Level Waste

LLW is defined by the Low-Level Radioactive Waste Policy Amendments Act of 1985 as
“radioactive material that: (1) is not high-level radioactive waste, spent nuclear fuel, or by-
product material (as defined in section 11e.2 of the AEA of 1954) and; (2) NRC, consistent with
existing law and in accordance with paragraph (1), classifies as low-level radioactive waste.”
LLW is thus defined by what it is not rather than what it is and consequently is the broadest
category of waste. It encompasses materials that are slightly above natural radiation background
levels to highly radioactive materials, which require extreme caution when handling. LLW is a
by-product from the activities involving the generation of nuclear power, biotechnological and
nuclear research, performing medical examinations and treatment, producing radioactive
chemicals for use in nuclear medicine and research, and quality control of manufacturing
processes. Mixed waste is defined as LLW determined to contain both source, special nuclear, or
by-product material subject to the AEA of 1954, as amended, and a hazardous component
subject to RCRA, as amended.
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For purposes of final disposition, NRC recognizes four classes of LLW, in ascending order of
hazard: Classes A, B, C, and GTCC (greater than Class C). For Classes A, B, and C, NRC has
regulations that set concentration limits for both short- and long-lived radionuclides (see 10 CFR
Parts 61 and 72). These limits are based on formulas that reflect both the half-lives and the
hazards of the radionuclides in each class and are used to determine appropriate disposal.

Class A LLW is defined to be safe after 100 years, Class B after 300 years, and Class C after 500
years. These LLWs are typically disposed of in shallow land burial sites; however, since it
presents a high hazard, GTCC waste is not typically disposed of in shallow land burial sites or
commingled with Class A, B, or C LLW. GTCC has concentrations of certain radionuclides
above the Class C limits as stated in 10 CFR Part 61.55. Storage of GTCC waste is the
responsibility of the generator until the DOE formally accepts ownership, also known as “taking
title.” DOE is responsible for developing disposal capacity for GTCC waste and takes title at the
time of disposal. DOE has initiated environmental studies to analyze alternatives for disposal of
this waste.

Typically, DOE disposes of LLW in on-site disposal facilities (for cleanups performed under
CERCLA), at other DOE waste facilities, or at commercial facilities. For non-DOE facilities,
disposal costs can be significant and can drive decisions about the approach and timing of waste
disposal. LLW is disposed in engineered trenches and concrete vaults or by shallow land burial
and then covered with a closure cap. Waste is packaged, according to its characteristics, in
drums, casks, special boxes, or other sealed containers. Low-activity waste, such as
contaminated soil, may be disposed of directly in a cell without a container.

The national policy on LLW disposal was embodied in the Low-Level Radioactive Waste Policy
Act of 1980 and its amendments in 1985. The act directs states to secure disposal facilities, either
individually or through interstate agreements known as “compacts.” Ten such compacts have
been negotiated, but currently only three disposal facilities are available for LLW disposal:

e The EnergySolutions facility in Utah currently accepts certain types of Class A radioactive
waste only.

e The US Ecology facility in Richland, Washington accepts Class A, B, and C waste, but only
from the 11 states in two western compacts.

e The EnergySolutions facility in Barnwell, South Carolina receives Class A, B, and C LLW
(scheduled to be closed after June 2008 to waste from all states except the three states that
are part of the Atlantic Compact).

A license application for a fourth LLW disposal site, in western Texas, is pending. Given the
restricted options for LLW disposal, some industry observers conclude that, “there is a crisis in
LLW disposal in the United States” (Zacha 2007).

2.3.4 Mixed Waste

MW is defined as LLW determined to contain both source, special nuclear, or by-product
material subject to the AEA of 1954, as amended, and a hazardous component subject to RCRA,
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as amended. A dual regulatory framework exists for MW, with EPA or authorized states
regulating the hazardous waste and NRC, NRC agreement states, or DOE regulating the
radioactive waste. NRC and DOE regulate MW under the AEA with regard to radiation safety;
EPA regulates MW under RCRA authority with regard to hazardous waste safety. Once waste is
determined to be MW, the waste handlers must comply with both AEA and RCRA statutes and
regulations, a situation that can cause considerable waste management problems. The
requirements of RCRA and AEA are generally consistent and compatible, but provisions in
Section 1006(a) of RCRA allow the AEA to take precedence in the event provisions of
requirements of the two acts are found to be inconsistent. The radioactive component of most
MW is effectively LLW, so strategies often focus on treating the hazardous component of MW
and disposing of the remaining LLW.

2.3.5 Special-Case Waste

DOE has identified certain waste as “special-case” waste. Special-case waste is defined as
radioactive waste owned or generated by DOE that does not fit into typical management plans
developed for the major radioactive waste types such as HLW, LLW, or TRU waste. As an
example, special case waste could be LLW that, due to its high radioactivity levels, cannot
currently be disposed of at existing DOE LLW disposal facilities without exceeding performance
standards or TRU waste that cannot meet geologic disposal acceptance criteria.

2.4 Materials Not Covered by DOE or NRC Standards

Certain materials, such as naturally occurring radioactive material (NORM) and technologically
enhanced naturally occurring radioactive material (TENORM), do not fall under NRC or DOE
controls. The release of material with radioactive surface contamination from these sources is
controlled by individual states.

For volumetrically contaminated material—material in which the radioactive contamination is
distributed throughout the entire volume rather than on the surface—there are no release or
clearance standards. DOE or NRC may analyze volumetrically contaminated materials from the
facilities that they regulate on a case-by-case basis to determine whether the materials are
sufficiently clean to be released. Within the DOE complex—where it is estimated that over half a
million tons of contaminated scrap metal have been accumulated at various installations—
contaminated metal may be melted and reused for controlled uses such as waste containers,
caskets, shielding, or construction material. Scrap metal companies should be contacted early in
the decommissioning process to verify their requirements for acceptance of the metal. Usually,
scrap metal companies will not accept material with any detectable radioactive component even
if the metal has contamination below the applicable surface contamination limit or the
volumetric concentration limit.
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3. EPADECOMMISSIONING REQUIREMENTS AND PROCESSES UNDER THE
COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND
LIABILITY ACT

D&D of radiologically contaminated facilities may potentially cause a release or threat of release
of a hazardous substance, pollutant, or contaminant into the environment. Such a situation is not
addressed by NRC mandates discussed in Section 2; instead, releases or threats of release may be
addressed using the broad response authority provided by CERCLA and implemented through
the NCP. This section discusses the federal regulatory framework and policies relevant to D&D
being addressed under CERCLA. D&D activities may occur under other statutes such as the
AEA, as described in Section 2.

3.1 Standards for D&D under CERCLA and the NCP

Under CERCLA, EPA has primary responsibility for implementing a key U.S. law providing
broad authority for cleanup of hazardous waste sites. Other federal and state agencies may have
the lead for response actions conducted under CERCLA at a particular site. Congress established
the Superfund Program in 1980 to, among other things, locate, investigate, and clean up the
worst hazardous waste sites nationwide. First published in 1968, the NCP is the federal
government’s blueprint for responding to both oil spills and hazardous substance releases. It was
broadened to cover releases at hazardous waste sites requiring emergency removal actions
following the passage of Superfund legislation in 1980.

Radioactive contamination is generally addressed in the same manner as other hazardous
substances at CERCLA sites and normally should follow the same remedy selection process.
EPA provides guidance for addressing radiologically contaminated sites that is consistent with
its guidance for addressing chemically contaminated sites, taking into account the technical
differences between radionuclides and chemicals. The EPA guidance has been developed to
facilitate cleanups that are consistent with the NCP at radiologically contaminated CERCLA
sites.

DOE-owned and -operated or NRC-licensed facilities are generally subject to those agencies’
authorities under the AEA. EPA’s involvement under CERCLA in decommissioning facilities
normally arises as part of cleanup actions designed to address contamination at a site. The
general manner in which sites, including facilities, follow the CERCLA cleanup process is
described in this section.

3.2 Cleanup Process under Superfund

Generally, response actions under CERCLA are either removal or remedial actions. Removal
actions are generally short-term response actions taken to abate or mitigate imminent and
substantial threats to human health and the environment. They may be classified as emergency,
time-critical or non-time-critical, and often primarily address surface or soil contamination. In
comparison, remedial actions are generally longer term (and hence less time-sensitive), do not
pose an imminent threat to human health and the environment, and are usually more costly than
removal actions. Further, federally funded remedial actions can be taken only at sites on EPA’s
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NPL, unless the site is a federal facility. Removal actions may be used to address some threats at
remedial sites. The distinction between situations where removal authority applies and situations
where remedial authority applies can be difficult, but resources to clarify the problem are
available (EPA 1992, 2000). The Superfund remedial cleanup process typically begins with site
discovery or notification to EPA of possible releases of hazardous substances, pollutants, or
contaminants. Sites may be discovered by various parties, including citizens, state agencies, and
EPA Regional offices. Once discovered, sites that are to be addressed by the CERCLA remedial
process are entered into the Comprehensive Environmental Response, Compensation, and
Liability Information System (CERCLIS), EPA’s computer system used to track potential and
confirmed hazardous waste sites brought to the attention of the EPA Superfund Program. EPA
then typically evaluates a site through steps in the Superfund cleanup process. Other federal and
state agencies may have the lead for response actions conducted under CERCLA at a particular
site. The steps of the Superfund cleanup process are as follows:

e Preliminary Assessment/Site Inspection (PA/SI)—investigations of site conditions and
surrounding area to determine whether a site poses a threat to human health and the
environment

e Hazard Ranking System (HRS)—screening mechanism using information obtained by EPA
during the PA/SI to determine whether a site should be placed on the NPL

e NPL—Iist of the most serious sites identified for possible long-term cleanup

e Remedial Investigation/Feasibility Study (RI/FS)—detailed study of the nature and extent of
contamination, associated risks to human health and the environment, and cleanup
alternatives

e Record of Decision (ROD)—selection of a cleanup alternative to be used at the site

e Remedial Design/Remedial Action (RD/RA)—preparation and implementation of plans and
specifications for achieving site cleanup

e Construction Completion—the date on which all components of the remedy are operational
and functional

e Post-Construction Completion—long-term stewardship to ensure that Superfund response
actions provide for the protection of human health and the environment, which may include
Long-Term Response Action, Operation and Maintenance (O&M), Institutional Controls,
Five-Year Reviews, Remedy Optimization (RO), and NPL Deletion

EPA generally uses these and other steps to determine and implement the appropriate response to
threats posed by releases of hazardous substances, pollutants, and contaminants. Releases that
require immediate or short-term response actions are addressed under the Emergency Response
program of Superfund.

3.2.1 National Contingency Plan Criteria for Remedial Actions

The NCP sets forth nine criteria for evaluating alternatives when selecting a Superfund remedial
alternative. The criteria can be separated into three levels: threshold, balancing, and modifying.
The first two criteria are known as “threshold” criteria. They are the minimum requirements that
each alternative must meet to be considered for selection as a remedy and a reiteration of the
CERCLA mandate that remedies must ensure (1) overall protection of human health and the
environment and (2) compliance with ARARs.
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In addition to the two threshold criteria, EPA considers the following five “balancing” criteria
that help in the assessment of certain trade-offs between alternatives so that the best option can
be chosen, given site-specific data and conditions:

e Jong-term effectiveness and permanence
e reduction of toxicity, mobility, or volume
e short-term effectiveness

e implementability

e cost

The final two criteria are called “modifying” criteria:

e state acceptance
e community acceptance

These two criteria may cause comments from the state or the community to modify the preferred
remedial action alternative or cause another alternative to be considered. The NCP addresses
how the detailed analysis of alternatives should be performed using these nine criteria (see 55 FR
8719-8723, March 8, 1990).

All remedial actions at CERCLA sites must be protective of human health and the environment
and comply with ARARs unless an ARAR is waived. Cleanup levels for response actions under
CERCLA are typically developed based on site-specific risk assessments, ARARs, and/or to-be-
considered material (TBCs). ARARs are often the determining factor in establishing cleanup
levels at CERCLA sites.' State standards that are more stringent than federal standards are
potential ARARs. However, where ARARs are not available or are not sufficiently protective,
EPA generally sets site-specific remediation levels (1) for carcinogens at a level that represents
an excess upper-bound lifetime cancer risk to an individual of between 10 and 10 and (2) for
noncarcinogens such that the cumulative risks from exposure will not result in adverse effects to
human populations (including sensitive subpopulations) that may be exposed during a lifetime or
part of a lifetime, incorporating an adequate margin of safety [see 40 CFR
Pt. 300.430(e)(2)(1)(A)(2)]. The latter approach is used to determine the noncarcinogenic risks of
uranium. The specified cleanup levels are designed to account for exposures from all potential
pathways and through all media (e.g., soil, groundwater, surface water, sediment, air, structures,
and biota).

! For a list of federal radiological standards often site-specifically determined to be ARARs, please see Attachment
A of Establishment of Cleanup Levels for CERCLA Sites with Radioactive Contamination (EPA 1997) which may
be found at www.epa.gov/superfund/health/contaminants/radiation/pdfs/radguide.pdf. Lists of other standards that
are potential ARARSs are provided in both the CERCLA Compliance with Other Law Manuals, Part | (EPA 1988)
and Part Il (EPA 1989) which may be found at www.epa.gov/superfund/policy/remedy/pdfs/540g-89006-s.pdf and
www.epa.gov/superfund/policy/remedy/pdfs/540g-89009-s.pdf.
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3.2.2 Site-Specific Remedial Cleanup Levels

Alternatives for achieving a site-specific cleanup are evaluated using the nine criteria specified
in Section 300.430(e)(9)(iii) of the NCP. The 10™* to 10 cancer risk range described in the NCP
can be interpreted to mean that an exposed individual may have a 1 in 10,000 to 1 in 1 million
increased lifetime chance of developing cancer because of exposure to a site-related carcinogen
under the exposure scenarios. A 10 risk level is used as the point of departure for determining
cleanup goals. Some states have adopted single risk goals (e.g., 10, 10>, or 10™).

While cleanups will generally achieve a risk level within 10 to 107 for carcinogenic risk, risks
of greater than 1 x 10 may be acceptable under appropriate circumstances. CERCLA guidance
states that “the upper boundary of the risk range is not a discrete line at 1 x 10, although EPA
generally uses 1 x 10 in making risk management decisions. A specific risk estimate around
10 may be considered acceptable if justified based on site-specific conditions” (see p. 4 of the
“Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions” (EPA 1991)
and p. 5 of the Establishment of Cleanup Levels for CERCLA Sites with Radioactive
Contamination (EPA 1997)). These documents may be found at
www.epa.gov/oswer/riskassessment/pdf/baseline.pdf and
www.epa.gov/superfund/health/contaminants/radiation/pdfs/radguide.pdf.

Preliminary Remediation Goals

Generally, Preliminary Remediation Goals (PRGs) under the NCP are developed as risk-based
concentrations, usually derived from standardized equations combining exposure information
assumptions with EPA toxicity data. Normally, they are considered by EPA to be protective for
humans (including most sensitive groups) over a lifetime. However, these risk-based PRGs may
not always be used at a particular site.

Generally, PRGs should be established at 1 x 10°. PRGs are identified early in the CERCLA
process and may be modified as needed at the end of the RI or during the FS based on site-
specific information from the baseline risk assessment. Ultimately, a preferred alternative with
protective remediation levels should be selected through the use of the nine NCP remedy
selection criteria.

PRGs generally can be used to screen sites and as initial cleanup goals in appropriate
circumstances. PRGs are not designed to serve as de facto cleanup standards and should not be
applied as such. PRGs can be used in site screening to help identify areas, contaminants, and
conditions that do not require further federal attention at a particular site. Generally, at sites
where contaminant concentrations fall below PRGs, no further action or study is warranted under
Superfund so long as the exposure assumptions at a site match those taken into account by the
PRG calculations. Chemical concentrations above the PRG do not automatically designate a site
as “dirty” or trigger a response action. However, exceeding a PRG suggests that further
evaluation of the potential risks that may be posed by site contaminants is appropriate. PRGs are
also useful tools for identifying initial cleanup goals at a site. In this role, PRGs can provide
long-term targets to use during the analysis of different remedial alternatives. By developing
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PRGs early in the decision-making process, project managers may be able to streamline the
consideration of remedial alternatives.

A detailed discussion of PRG tools for decommissioning is provided in Section 3.6.
The Hazard Index

To help assess the potential for cumulative noncarcinogenic effects posed by multiple
contaminants, EPA has developed a hazard index (HI). Generally, the HI is derived by adding
the noncancer risks for site contaminants with the same target organ or mechanism of toxicity.
When the HI exceeds 1.0, there may be concern for adverse health effects due to exposure to
multiple contaminants.

Combining Radionuclide and Chemical Risk

Excess cancer risk from both radionuclides and chemical carcinogens should be summed to
provide an estimate of the combined risk presented by all carcinogens. Exceptions would be
cases in which a person cannot reasonably be exposed to both chemical and radiological
carcinogens. Similarly, the chemical toxicity from uranium should be combined with that of
other site-related contaminants in calculating the HI.

There are generally several differences between cancer slope factors (the cancer risk [i.e.,
proportion affected] per unit of dose used in EPA’s Integrated Risk Information System chemical
files) for radionuclides and chemicals. However, similar differences also occur between different
chemical slope factors. In the absence of additional information, it is reasonable to assume that
excess cancer risks are additive for purposes of evaluating the total incremental cancer risk
associated with a contaminated site.

“To Be Considered” Materials

TBCs generally include criteria, advisories, guidance, and proposed standards that are not legally
enforceable but contain information that may be helpful in determining the level of
protectiveness in the remedy selection and implementation process. Because TBCs are not
ARAREs, their identification and use are not mandatory.

Guidance Outside the Risk Range

Guidance that provides for cleanups outside the risk range (greater than 10) is generally not
consistent with CERCLA and the NCP and should not be used to establish cleanup levels. Thus,
dose-based guidance for developing cleanup levels generally is inconsistent with CERCLA and
the NCP’s risk range approach for reasons that include the facts that (1) estimates of risk from a
given dose estimate may vary by an order of magnitude or more for a particular radionuclide and
(2) dose-based guidance generally begins an analysis for determining a site-specific cleanup
level at a minimally acceptable risk level rather than the 10 point of departure set forth in the
NCP. Where radiological and nonradiological (chemical) contaminants are present at a CERCLA
site, they should both be addressed using the risk range approach regarding risk from
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carcinogens. For further information see pp. 11 and 13 of Radiation Risk Assessment at CERCLA
Sites: Q & A (EPA 1999) which may be found at
www.epa.gov/superfund/health/contaminants/radiation/pdfs/riskqa.pdf.

3.2.3 Removal Actions

Removal actions are generally short-term responses taken to abate or mitigate imminent
substantial threats to human health and the environment related to releases of hazardous
substances. EPA divides removal actions into three categories (emergency, time-critical, and
non-time-critical) based on the type of situation, the urgency and threat of the release or potential
release, and the subsequent time frame in which the action must be initiated. This section focuses
on non-time-critical removals since most D&D activities under CERCLA at DOE sites are
conducted as non-time-critical removals. Non-time-critical removal actions are those where the
lead agency determines, based on the site evaluation, that a removal action is appropriate but a
planning period of more than six months is available before on-site activities must begin. Non-
time-critical removal actions typically involve a secure site, no nearby population center, storage
containers in stable condition, and a dangerous concentration of chronic toxic substances.
Because non-time-critical removal actions can address priority risks, they provide an important
method of moving sites more quickly through the Superfund process.

Section 300.415(b)(4)(1) of the NCP requires an Engineering Evaluation/Cost Analysis (EE/CA)
for all non-time-critical removal actions. An EE/CA is intended to accomplish the following:

e satisfy environmental review requirements for removal actions
e satisfy administrative record requirements for documentation of removal action selection
e provide a framework for evaluating and selecting alternative technologies

The EE/CA identifies the objectives of the removal action and analyzes the effectiveness,
implementability, and cost of various alternatives that may satisfy these objectives. Thus, an
EE/CA serves an analogous function to, but is more streamlined than, the RI/FS conducted for
remedial actions. The non-time-critical removal should be conducted to ensure that all risk
assessment activities are consistent with any future remedial action that may occur to achieve
consistent risk goals. The results of the EE/CA and EPA’s response decision are summarized in
an Action Memorandum (AM). For further information see Guidance on Conducting Non-Time-
Critical Removal Actions Under CERCLA (OSWER Directive 9360.0-32) at
www.oscreadiness.org/cec_courses/removal.htm#mod7.

3.3 Background Radiation in Facility Cleanup

Background radiation should be considered when developing remediation goals. Background
and site-related levels of radiation are generally addressed as for other contaminants at CERCLA
sites. For risk-based (10 to 10 or HI) cleanup levels, background levels of the contaminant
typically are included in the risk estimate. If background levels of a contaminant exceed the
acceptable risk goal (e.g., 10, HI of 1), then background is generally used as the cleanup level.
In general, CERCLA cleanups do not go below background.
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