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n.o.s not otherwise specified
NP nitric acid permanganate
NPDES National Pollutant Discharge Elimination System
NRC U.S. Nuclear Regulatory Commission
NTA nitrilotriacetic acid
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OPP oxalic peroxide
ORM Other Radioactive Material
ORNL Oak Ridge National Laboratory
OSHA Occupational Safety and Health Administration
6). ¢ oxalic acid
PC personal computer
PCBs polychlorinated biphenyls
PETN pentaerythritol tetranitrate
PID photoionization detectors
PLC process logic controller
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POD PWR oxidation decontamination
PP polypropylene
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ppm parts per million
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psig pounds per square inch gauge
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PWR pressurized-water reactor
QA quality assurance
QC quality control
R&D research and development
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RHTRU remotely/handled transuranic
ROV remotely operated vehicle
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

The Decommissioning Handbook is a technical guide for the decommissioning of nuclear
facilities. The decommissioning of a nuclear facility involves the removal of the radioactive and,
for practical reasons, hazardous materials to enable the facility to be released and not represent
a further risk to human health and the environment. This handbook identifies and technologies
and techniques that will accomplish these objectives. The emphasis in this handbook is on
characterization; waste treatment; decontamination; dismantling, segmenting, demolition; and
remote technologies. Other aspects that are discussed in some detail include the regulations
governing decommissioning, worker and environmental protection, and packaging and
transportation of the waste materials. The handbook describes in general terms the overall
decommissioning project, including planning, cost estimating, and operating practices that would
ease preparation of the Decommissioning Plan and the decommissioning itself. The reader is
referred to other documents for more detailed information.

This Decommissioning Handbook has been prepared by Enserch Environmental Corporation for
the U.S. Department of Energy and is a complete restructuring of the original handbook
developed in 1980 by Nuclear Energy Services. The significant changes between the two
documents are the addition of current and the deletion of obsolete technologies and the addition
of chapters on project planning and the Decommissioning Plan, regulatory requirements,
characterization, remote technology, and packaging and transportation of the waste materials.
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HANDBOOK PURPOSE

1.0 INTRODUCTION
1.1 Handbook Purpose

The Decommissioning Handbook has been prepared under contract to the U.S. Department of
Energy (DOE) to provide technical guidance on the decommissioning—commonly known as
decortamination and decommissioning (D&D)—of commercial and governmental nuclear
facilities. Because of the unique hazards incumbent in nuclear facilities, their design, licensing,
and startup (commissioning) require a stepwise program to address safety. Similarly, because
of residual radioactivity, the termination of operations (decommissioning) presents unique hazards
that must be addressed from a programmatic, safety, environmental, and technological standpoint.
This handbook provides technical guidance for decommissioning activities, including
characterization, decontamination, dismantling, and disposition (disposal or salvage) of a facility’s
equipment and structures. Waste treatment is also considered a decommissioning activity,
depending on the regulatory requirements for material disposal and/or the wastes generated by
decontamination. In addition to technical guidance, this document provides an overview of the
decommissioning process, including planning, applicable regulations, and supporting activities
(e.g., transportation and worker and environmental protection). This overview explains the
background and organization of this document, briefly mentions the technical subjects addressed,
and reviews the peripheral (nontechnical) considerations that must be addressed during a
decommissioning project.

This document does not contain requirerhents that have to be followed during decommissioning,
nor does it identify the administrative coordination that must be established with regulatory
bodies. Nuclear facilities located in the United States of America are regulated by a variety of
agencies: DOE regulates governmental facilities; the U.S. Nuclear Regulatory Commission
(NRC) oversees most commercial facilities; and state regulatory agencies are responsible for other
commercial facilities. Thus, a complete description of the regulatory environment applicable to
all nuclear facilities is beyond the intent of this handbook. Nonetheless, applicable regulations
that contain these requirements and coordination needs are identified.

The technical guidance provided herein includes a description of state-of-the-art mechanical and
chemical processes available for decommissioning. This guidance is intended to provide a
compendium of available or potentially available technologies as an aid so that the most
appropriate ones can be selected to meet the specific needs of each decommissioning project.

This handbook is primarily a technology identification document; thus, the chapters identifying
technologies are the focus of the handbook. To encompass the entire decommissioning project
—including detailed planning requirements, funding, estimating, and decommissioning
operations—is far beyond the scope of this handbook. The reader is referred to other documents
for details involving these important elements of a total decommissioning project. Some of these
documents are the DOE orders concerning D&D and cost estimation, the proposed guidance
document under preparation for DOE headquarters, applicable NRC regulations, and the pending
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codification of DOE orders regarding decommissioning in Title 10 o.f the Code of Federal
Regulat'ions (10 CFR).

The Remedial Action Program Information Center (RAPIC) provided research information on
D&D to support the development of this handbook. RAPIC, a support group to the DOE Office
of Environmental Restoration (ER) (EM-40), provides technical information support to all DOE
ER programs, program participants, and the scientific community involved in environmental
restoration activities. The use of RAPIC or other databases is recommended to obtain the most
current information available for a specific technology described in this handbook or identified
as part of an individual decommissioning project.

The Decommissioning Handbook was prepared concurrently with a guidance document that
provides specific programmatic guidance for planning decommissioning for DOE-owned facilities.
The programmatic guidance outlines the full DOE planning process for decommissioning. The
technologies and methods outlined in this handbook can be used in concert with the guidance
document to arrive at a comprehensive plan for a decommissioning project. The handbook was
prepared as a tool to allow the reader to efficiently research decommissioning technologies by
providing a single convenient resource.

For the purpose of this handbook, and as described in Sections 5.1 and 5.2.3, decommissioning
is assumed to begin after the spent nuclear fuel has been removed from reactors and processed
inventories of high-level radioactive waste have been removed from nonreactor facilities.

1.2 Handbook Background

The original Decommissioning Handbook was prepared in 1980 by Nuclear Energy Services
(NES) under contract to DOE. This new Decommissioning Handbook represents a restructuring
of the original handbook, to address significant technological advances and additional topics,
including the following:

1. project planning,

2, regulatory requirements,

3. characterization,

4. remote technology, and

5. packaging and transportation.

The discussion of project planning in this handbook is general and can apply to both DOE-owned
and nonDOE-owned facilities. The guidance document provides a more detailed, DOE-specific
approach to project planning for decommissioning.




HANDBOOK ORGANIZATION

Because this handbook is a revision of the one authored by NES, material quoted, paraphrased,
or summarized from the original is not delineated in the text by a reference. However, references
cited in the original handbook have been transferred to this revision.

1.3 Handbook Organization

The Decommissioning Handbook consists of fifteen chapters, each of which focuses on a different
aspect of the decommissioning process, and one appendix. Together these chapters provide a
comprehensive technical guide for decommissioning activities. The handbook employs the
author-date method for citing references, and references used within a chapter are listed at its
end. It is the intent of the handbook to serve asia comprehensive, on-going reference manual.
Therefore, references are also included which might serve as a source of further information to
the user. Although these references are not necessarily cited within the text, they will function
as a roadmap to additional information on the decommissioning process. A brief description of
each chapter follows.

Chapter 1, Introduction—Introduces the reader to the Decommissioning Handbook, describes its
purpose, provides its production background, and outlines its overall organization.

Chapter 2, Operational and Predecommissioning Activities—Explains the concept of facilitation,
in which operations during the normal plant life affect the decommissioning and how these
operations can ease the task of decommissioning. The aspects discussed include facility design,
normal operations, maintenance and periodic shutdown procedures, safe shutdown, and
surveillance and maintenance (S&M) (if required) between safe shutdown and decommissioning.
This chapter also discusses the items in safe shutdown that should normally precede any
decommissioning work.

Chapter 3, Decommissioning Project—Identifies the elements of the decommissioning project,
which are broken down into four phases: assessment, development, operations, and closeout.
A summary of considerations that should be included in each of these phases is presented.

Chapter 4, Decommissioning Plan—Gives an outline of the information that is required in the
decommissioning plan in accordance with DOE requirements and commercial regulations.

Chapter 5, Regulatory Requirements—Identifies the federal regulatory bodies that govern the use
and transportation of radioactive and hazardous materials and mixed waste. Applicable sections
from DOE orders that govern decommissioning of government-owned facilities are listed, as are
U.S. Department of Transportation (DOT) and NRC regulations. In addition, brief comments are
made regarding appropriate legislative acts, enforced by the U.S. Environmental Protection
Agency (EPA).

Chapter 6, Final Project Configuration—Emphasizes the importance of defining the final project
configuration at the start of the planning process. The difference between the initial and final
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configurations determines the material that must be disposed of during decommissioning. This
information is shown to be basic to the definition of a characterization program.

Chapter 7, Characterization—Discusses the information-gathering process (most often involving
sampling and measurement) used throughout the decommissioning project. Characterization is
needed from the time of the preliminary assessment of site hazards through the detailed
measurements supporting engineering and waste certification to the final site survey. Guidance
is provided for developing a characterization plan, and measurement technologies are described
that are adaptable for use in the field or in a laboratory on a decommissioning site.

Chapter 8, Waste Treatment—Discusses various waste treatment methods and equipment for
various waste streams. Waste may be present at the start of decommissioning or may be
generated by decontamination activities.

Chapter 9, Decontamination—Identifies various chemical, mechanical, or other technologies that
are available for decontaminating equipment and structures at a decommissioning site. A
description of the process and its pot?ntial applications is provided. The techniques presented
vary, from common practices to emerging technologies.

Chapter 10, Dismantling, Segmenting, Demolition—Presents techniques that can be used to
dismantle (i.e., physically remove material from a building), segment (i.e., divide components into
pieces), and demolish a facility. For each technique identified, a description of the process and
its applications is presented. Techniques presented vary, from the use of common hand tools to
emerging technologies that are currently under development.

Chapter 11, Remote Handling Equipment and Operations—Describes remote technologies that
can be used in a decommissioning project. Examples are provided showing how remote
technology has been utilized in past decommissioning projects. The rationale for choosing
remote technology and the ranges of its application are discussed.

Chapter 12, Worker Protection—Highlights the importance of worker protection, explains the
difference between worker protection at a decommissioning project and at other types of projects,
and identifies the issues necessary to ensure that worker protection is properly implemented
during decommissioning.

Chapter 13, Environmental Protection—Discusses regulatory standards and protective measures
for air, surface water, and groundwater, as well as site release criteria and environmental
monitoring.

Chapter 14, Packaging and Transportation—Stresses the importance of packaging and
transportation in decommissioning and presents an overview of packaging and transportation of -
radioactive, hazardous, and mixed waste. Identifies the federal regulatory bodies that govern
these activities, as well as the regulations; however, this chapter is not to be used as a substitute
for the regulations themselves.

14
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Chapter 15, Decommissioning Cost Estimates and Schedule—Presents the key elements that are
required to prepare a cost estimate and project schedule. A methodology is also presented that
shows how these elements are related.

Appendix, Estimation of Radioactive Inventory—Provides information that the reader can use to
predict the quantities and identities of radioactive materials in the facility. The appendix includes
the calculation of activation of materials under neutron bombardment, discusses transport of
radioactive materials from the source throughout the facility, and describes methods for
calculating the resulting radiation dose rates. The appendix also describes verification of the
calculated results by actual measurement and it provides a method to estimate inventory based
on field measurements.

Glossary—Includes a glossary of governmental and industrial terms used in this handbook.
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FAciLty DESIGN

2.0 OPERATIONAL AND PREDECOMMISSIONING ACTIVITIES

This chapter provides information on the practices and operations that precede decommissioning
which may affect decommissioning. It describes operating and shutdown practices and the
desirability of considering decommissioning during physical plant design and of considering how
these items may ease the eventual decommissioning. This information may aid the planner by
identifying that documentation is available to assist in preliminary site characterization and
identification of decommissioning limitations and restrictions. The planner would use the
information in this chapter to identify the existence of backup material that will be of interest and
use in the planning of the decommissioning project. These materials include operating records,
as-built drawings, operator interviews, process knowledge, and site walkdowns.

Some of the operational and predecommissioning activities that can affect decommissioning are
discussed in the following sections. The aspects discussed are (1) facility design; (2) normal
operations including maintenance and periodic shutdown, (3) safe shutdown, and (4) S&M after
shutdown. Proper management of each of these aspects affects the ease of performing the
decommissioning of the nuclear facility. Consequently, each of these aspects should be addressed
during the life cycle of the facility to provide for a decommissioning project that is cost-effective.
It should be noted that extra activities performed before the actual decommissioning may be
included in the cost of decommissioning, but they are not really part of the decommissioning
project.

2.1 Facility Design

For years, the goal in designing nuclear facilities has been to allow operations, maintenance, and
decommissioning activities to proceed safely and in a time- and cost-efficient manner. For
example, facilities that have been designed for ease of maintenance during operations generally
yield cost savings over the operating life of the facility as well as efficient and economic
decommissioning.

Conversely, facilities that were not designed for ease of maintenance or that were designed before
the techniques for contamination prevention were available are usually more difficult and costly
to decommission. For example, if a nuclear facility had areas constructed of bare concrete that
became contaminated, the contamination would be embedded within the concrete, and
decontamination of the surface of the concrete would be difficult or expensive. However, if the
bare concrete were coated with a material that prevents the transport of contamination into the
concrete surface, the routine decontamination and eventual decommissioning of the concrete
would: be easier and less expensive. Similarly, pipe routings, pumping equipment, and many
other types of process equipment can be designed to minimize crud traps, resulting in lower
occupational radiation exposures around high-maintenance equipment and subsequent lower costs
that may be incurred during decommissioning and waste disposal.

As-built drawings are an important form of record keeping. These drawings detail the current
configuration of the facility, which may differ from the design configuration. It is essential in
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decommissioning that as-built drawings are kept up to date and are used to the maximum extent
possible to avoid work-arounds and safety hazards. For example, during the facility life cycle,
a room may have been transformed into a hazardous waste storage area, which would not be
indicated on the design drawings.

Design trade-offs are considered in the initial design phase of the facility. A design trade-off is
considered when a design can be changed to facilitate maintenance or decommissioning activities.
For example, a storage tank located in a poured reinforced concrete room would be difficult to
access for decommissioning. An alternative design that would provide easier access would be
preferable from a decommissioning standpoint, for instance one nonload-bearing wall could be
built out of easy-to-remove block. Further discussions on this technique, called facilitation, can
be found in NUREG/CR-0569 (1979).

2.2 Normal Operations

If, during the life cycle of the facility, operations were performed to minimize the release of
contaminants to the facility or the environment, the facility would stay reasonably clean, which
minimizes the costs of cleanup and exposures. Thorough health physics routines and
environmental monitoring during operations are key components of this practice. Through these
measures, the spread of contamination on site and migration to off-site areas can be identified,
corrected, and remediated. As a result, the magnitude and extent of the required cleanup during
decommissioning are reduced. Additional aspects to be considered for the minimization of
radiation exposure and other radioactive considerations are found in NRC Regulatory Guide 8.8
(1978).

Conversely, if facility operators do not concern themselves with releases from the process
systems to the facility or the environment or if historical practices, which are no longer
acceptable today, allow releases, then the facility becomes contaminated. By the time a
decommissioning project is finally implemented, the facility and its surrounding
environment—including the groundwater, surface water, and soil—could be quite contaminated.
Therefore, the task of decommissioning is expanded by the extensive contamination of the facility
and it$ environs.

Recordkeeping is just as important to.the eventual decommissioning as it is to-day-to-day
operations. Records of leaks, spills, and discharges "tell a story" of the plant operational history
that could indicate potential hot spots. This type of information may limit or prevent surprises
that could endanger workers and increase the cost of decommissioning. By regulation, this type
of recordkeeping is already required for commercial facilities.

221  Maintenance
A well-designed and operated nuclear facility should have a maintenance program that prevents

significant leakage or release of hazardous or radioactive materials from the process system and
should have designs in place that minimize the effects of accidental releases to the facility. For
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example, equipment with a high-leakage probability should have collection systems to prevent
leaking fluids from draining onto an unprotected floor. Moreover, if fluids are released to the
facility, procedures should be implemented to minimize the occupational exposure to hazardous
or radioactive materials through containment of these materials or prompt cleanup.

Conversely, a maintenance program that is not directed toward minimizing contaminant releases
will permit the spread of contamination and thus create difficulties during decommissioning.
"Production only" maintenance (maintenance done only to support continuing operations) may
not be consistent with as low as is reasonably achievable (ALARA) objectives, worker protection,
environmental cleanup, or decommissioning.

A good maintenance program will keep legible, retrievable records of all maintenance activities.
Similar to the recordkeeping in operations, these records tell a story. A component with a history
of repair may indicate that the system or area with which it is associated may require a higher
degree of awareness during characterization.

2.2.2 Periodic Shutdown

A well-designed, operated, and maintained nuclear facility should have periodic scheduled
shutdowns to inspect equipment, perform preventative maintenance, replace equipment
approaching the end of its operational life, and perform other housekeeping activities to maintain
the facility in such a state that process materials or contaminants are not allowed to be released
to the facility or its environs. If such shutdowns are not performed, leaks and other releases are
likely to be generated that would contaminate the facility and its surroundings. Therefore,
periodic shutdowns for nuclear facilities are an integral part of safe, clean operations.

The difficulties encountered and knowledge gained during shutdown (e.g., the removal of a
component) should be recorded, so that this experience can be passed on to the decommissioning
planner. These records can also help personnel better understand the history of the facility and
identify potential problem areas.

23 Safe Shutdown

At the end of the nuclear facility’s operating life, the facility is prepared for decommissioning.
In nuclear reactor facilities, this means that the nuclear fuel is removed. For some reactors, the
spent nuclear fuel would be accepted for processing or disposal by DOE. For other reactors, the
spent nuclear fuel would be stored in independent spent fuel storage installations (ISFSIs),
licensed under 10 CFR 72 (1993) until the fuel could be accepted for processing or disposal by
DOE. In either case, the decommissioning project does not have to handle spent nuclear fuel.
During safe shutdown, the process systems in nuclear reactor and nonreactor facilities are emptied
and flushed. Filters and other such equipment that contain radioactive or hazardous materials are
removed and disposed of as was done during facility operations. At the end of safe shutdown,
the process systems are clean and all process materials have been removed. Therefore, except
for some sludges and residues that could not be removed as part of the safe shutdown operation,
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the decommissioning project is presented with a facility that is cleaned of all process materials.
The operations in safe shutdown remove the residuals of the process materials and any hazardous
materials included in the processing systems; however, hazardous or toxic materials that are part
of the physical plant, such as asbestos, are not removed.

The shutdown of some nuclear facilities has not always included the steps outlined above. In
these cases, the first task to be completed before decommissioning can begin is to remove and
characterize the remaining process material and treat or dispose of it as was done during facility
operations. Thus, the decommissioning actually begins with the unfinished portion of safe
shutdown. These activities would artificially increase the apparent cost of decommissioning, but
these additional costs are not really part of decommissioning.

2.4 Surveillance and Maintenance After Shutdown

For some nuclear facilities, there will be a period—after shutdown and before the actual
decommissioning—during which S&M is performed. During this period, the facility requires
S&M to ensure that the process equipment does not fail and release any residual materials.
During S&M, records should be kept:to identify systems and/or components that may be
deteriorating and to inform decommissioning personnel about the potential hazards with which
they are dealing. In addition, S&M is required to ensure that the facility itself does not release
any contaminants to the environment. Adequate S&M must be maintained for the entire period
between shutdown and decommissioning. The associated costs are not necessarily allocated to
the decommissioning of the facility, although the decommissioning cost estimate may include
them. '

2.5 Conclusion

In summary, facility design, including the layout of equipment, facility operations and
maintenance, and periodic shutdown for maintenance, can provide optimum operations and
economics during the plant operation. These same items also result in a nuclear facility that is
not significantly contaminated and that has not caused significant environmental contamination
to the groundwater, surface water, soils, or atmosphere, all of which directly affects the cost of
decommissioning that nuclear facility. A well-run, clean nuclear facility results in an easy and
low-cost decommissioning project. Conversely, a poorly run or contaminated facility and
environs presents a difficult and expensive decommissioning task.

The complexity and cost of a decommissioning project are minimized if effective contamination
controls are applied during operations and maintenance activities and if safe shutdown activities
are performed systematically and thoroughly.
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3.0 DECOMMISSIONING PROJECT

A decommissioning project is performed on a nuclear facility to remove the radioactive and
hazardous materials so that there is no longer a risk to human health and the environment. This
chapter provides a brief overview of a typical decommissioning project and identifies the various
steps required to take the project from the beginning (at the facility’s end-of-life) through
decommissioning planning, decommissioning operations, and closure. This chapter is not
intended to be used as a planning outline for decommissioning projects; other documents are
designed for that task. It is intended to alert the reader to many of the activities that are required
for a decommissioning project.

The purpose of describing a total decommissioning project is to provide an indication of the
activities required to successfully decommission a nuclear facility. These activities include the
assessment of the decommissioning alternatives, the development of the work to be described in
the Decommissioning Plan, the actual decommissioning operations, and the final closeout of the
project. This chapter is arranged to discuss each of these activities in general and then in
particular. Section 3.1 describes the alternatives for decommissioning and the objectives of the
decommissioning project. Section 3.2 discusses the typical phases of a decommissioning project,
from assessment and development to the operations and final closeout. Sections 3.3 through 3.6
provide more details on each of these phases.

3.1 Decommissioning Overview

Once the nuclear facility is near or at the end of its useful life, the facility owner begins the
preparation for removing radioactive and hazardous material. Before any decisions can be made
for decommissioning the facility, both the risk and final goal of decommissioning should be
identified.

Radioactive and hazardous materials remaining in the facility should be identified first. Strictly
speaking, for commercial nuclear facilities, only enough of the radioactive materials must be
removed to allow unrestricted release of the facility and its license termination. However, the
removal of hazardous materials is also included in decommissioning for practical reasons.
Process knowledge or actual measurement is required to identify the contamination. This
identification using measurements or process knowledge is the characterization of the nuclear
facility. For a facility currently in use, much, if not all, of the characterization information may
be already available. If not, sampling and measurement should be performed to identify and
quantify the risks. This information is essential for subsequently determining whether a proposed
alternative adequately addresses the risks.

The final goal of decommissioning should be identified second. This incorporates the alternatives
to decommissioning. Essentially, there are only three ultimate endpoints for the decommissioning
of a nuclear facility. These alternatives are explored in the following sections.
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3.1.1 Decommissioning Alternatives

The alternatives for the decommissioning of nuclear facilities are embodied within the NRC’s
definitions of SAFSTOR, ENTOMB, and DECON.

. SAFSTOR is the method by which the nuclear facility is placed and
maintained in a condition that allows it to be safely stored and subsequently
decontaminated (deferred decontamination) to levels that permit release for
unrestricted use.

J ENTOMB is the method by which radioactive contaminants are encased in
a structurally long-lived material, such as concrete. The entombed structure
is appropriately maintained, and continued surveillance is carried out until
the radioactivity decays to a level permitting unrestricted release of the

property.

. DECON is the method by which the equipment, structures, and portions of
a facility and site containing radioactive contaminants are removed or
decontaminated to a level that permits the property to be released for
unrestricted use shortly after cessation of operations.

The final goal for the decommissioning of nuclear facilities generally includes some combination
of these three ultimate decommissioning methods. Typically, three or more alternatives are
identified and evaluated to enable the owner of the nuclear facility to choose the best in terms
of risk reduction to human health and the environment, cost, and other factors that are important
to the owner of the facility.

Defining the final site configuration is the beginning of the decommissioning planner’s logical‘
approach. All subsequent planning should be directed toward achieving that final product. The
importance of this step in decommissioning planning is discussed in Chapter 6.

Once the final goal has been identified, the steps leading to that goal have to be determined and
developed. This process of working from the final goal will be iterative, because any single task
in the decommissioning may result in an inconsistency with the desired final goal. For example,
disposal capability for a specific waste may not be available, requiring that another treatment
technology be considered. Similarly, a proposed decontamination process may generate a waste
that requires the addition of a costly treatment facility, suggesting to the planner that either an
alternative decontamination technique or direct disposal should be considered.

Knowledge of the availability of waste disposal capacity is important to the planner. Such
knowledge includes the locations for waste disposal, the waste acceptance criteria, and costs
associated with the disposal of the wastes. Cost considerations may drive the planner to include
additional decontamination or waste treatment processes. Estimating the significance of costs that
might arise, in comparison with other decommissioning costs, is addressed in Chapter 15. Other
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factors may be identified during planning that may require consideration or provide helpful
insight for planning. For example, the need to meet waste acceptance criteria may define the
decontamination or treatment processes required. Also, knowing the waste acceptance criteria
provides the basis for deciding what instruments and methods to specify for waste
characterization.

Characterization is a prerequisite for defining the final goal of the decommissioning program. In
addition to knowing what the final product is to look like, the decommissioning planner needs
to know the characteristics of the material at the beginning of the project. Chapter 7 discusses
the characterization required initially and the characterization required to demonstrate compliance
with acceptance and release criteria.

3.1.2 Decommissioning Objectives

The first objective to be considered in decommissioning planning is to manage the risks posed
by the facility. Usually, the primary-risk is considered to be that posed by radiation, but it also
includes the risks from hazardous and toxic materials and mechanical risks (i.e., collapse). For
materials, risk management may be accomplished by destroying the contaminant (i.e., incineration
of hazardous organic chemicals), immobilizing the contaminant in place, or removing it for
disposal in an appropriate waste management facility. Mechanical risk is generally mitigated
through structural analysis; however, it could be as simple as construction of a fence around the
area of risk.

A second objective is to minimize the amount of waste generated and the creation of wastes
requiring special (i.e., complicated and/or expensive) treatment, particularly transuranic (TRU)
waste and mixed waste. This objective is usually accomplished by decontaminating some of the
material so that the cleaned portion can be recycled in the economy or at least disposed of in a
less restrictive manner [i.e., in a low-level radioactive waste (LLW) disposal facility or a sanitary
landfill].

A third objective is to minimize the decommissioning costs. Many methods are available for
managing the risks from a facility, and in choosing one, the planner should consider the cost and
cost-benefit ratios. While the benefit from the remediation of risks increases as more work is
performed (and money expended), the law of diminishing returns requires that the rate of increase
per unit of work decreases. Thus, one has to choose between riskier, low cost options and those
options that reduce all the risks to acceptable levels, but result in exorbitant project costs. The
alternatives for selection usually include many choices between these two extremes.

While decommissioning activities are often similar to maintenance work in nuclear facilities, they
are significantly different in one important aspect. That is, for decommissioning one does not
have to consider the reassembly and reuse of the materials removed. Pipes cut in a maintenance
operation are done carefully to avoid creating heat affected zones and to simplify the later
preparation of the edges for rewelding. In contrast, removal during decommissioning is done as
easily and quickly as possible, and the only concerns are worker safety and the prevention of
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contamination of other parts of the facility. It is important to realize that the reestablishment of
the systems is not a priority in decommissioning.

3.2 Project Overview

Management of the risks from a nuclear facility at the conclusion of its operational life can be
approached systematically by breaking down the process into four phases. In effect, these phases
involve deciding what to do, planning the decommissioning activity, performing the physical acts
of decommissioning, and verifying that the risks from residual radioactivity have been reduced
to project goals. These four phases have been named assessment, development, operations, and
closeout.

3.2.1 Assessment

There are two major parts to the assessment phase: preliminary characterization and the review
and decision-making process. Charaeterization is needed to develop project baseline data, which
should include sufficient chemical, physical, and radiological characterization to meet planning
needs. The data to be gathered include the following:

. construction photographs, drawings, and additional documentation showing
the as-built (if they exist) state of the facilities;

. the status of all buildings, including changes from original construction,
presence and condition of cranes, condition of protective barriers and safety
systems;

. the location, type, and amount of hazardous, radioactive, and toxic

substances left on the site from previous operations;

. data about unique features of the sites that could determine which
decommissioning methods (entombment, safe storage, decontamination)
would be appropriate;

. presence and location of physical obstructions such as overhead utilities, narrow
doorways, and location of asbestos;

. the status of pressurized systems such as gas, water, and air; and
. the status of the breathing air system (if one exists).
After the condition of the facility is established, appropriate studies will be performed. Based

on the conclusions of these studies, possible decommissioning alternatives will be analyzed and
the best alternative chosen.
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3.2.2 Development

After a decommissioning alternative is chosen, detailed engineering will begin following
appropriate regulatory guidance. A Decommissioning Plan is then compiled and submitted to the
appropriate regulatory agencies for approval. The plan will include characterization information;
review of the decommissioning alternatives; justification for the selected alternative; provision
for regulatory compliance; predictions of personnel exposure, radioactive waste volume, and cost;
and other items as detailed in the contents of Decommissioning Plans, included in Chapter 4.

3.23 Operations

The decommissioning project is performed fully adhering to the guidelines defined in the
approved Decommissioning Plan, and wastes generated during decommissioning are managed
according to applicable regulations. Operations include health physics control, decontamination,
dismantlement, demolition, waste management, plant modifications, transportation, and disposal.

3.24 Closeout

The final chemical and radiological surveys, as well as a Project Final Report, are produced at
the conclusion of the decommissioning project. The final report includes details of the project,
lessons learned, the final condition of the site, and references to the supporting documentation.
If the site is not released for unrestricted use, the report will also include items specifically
related to the restricted release, such as the long-term monitoring and maintenance requirements.

33 Assessment Phase

The assessment phase of a decommissioning project is the phase where preplanning is conducted,
as well as preliminary site characterization. An evaluation is performed to determine which
regulatory requirements will be applicable to the decommissioning activities, the financial
requirements, the disposal options, and the technology alternatives. The following sections
discuss the elements that comprise the assessment phase.

3.3.1 Regulations Supporting Assessment

It is important to research the regulations that affect the selection of a decommissioning
alternative. The Comprehensive Environmental Response, Compensation and Liability Act of
1980 (CERCLA) provides requirements for deciding which of several alternatives should be
chosen for remediation. EPA has published guidance documents, such as Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA, (EPA 1988) which
present a methodology that can be adapted for use by the decommissioning planner.

NRC requires licensees to submit a preliminary decommissioning plan at or about five years
before the anticipated start of decommissioning. The preliminary plan identifies the
decommissioning alternative anticipated and provides evaluations of the major technical actions
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. effectiveness in protecting environment;

. implementability;

. waste minimization;

. cost and cost-benefit ratio;

. public acceptance;

. compatibility with applicable or relevant and appropriate requirements
(ARARs);

. ALARA considerations;

. future land use;

. socioeconomic impacts, such as employment and transportation; and

. cultural impacts, including aesthetics and historical and archeological
considerations.

The facility owner/operator is the one who ultimately determines how well each criterion is
addressed by the different alternatives and who decides how much weight to give to each.

Ideally, based on the evaluation process, a single alternative will be identified as preferable to
all others for the decommissioning of the nuclear facility. In reality, two or more of the
alternatives will likely score equally or close enough to prevent a reliable selection of the
preferable alternative. In this case, more sophisticated assessments of the criteria, such as more
detailed evaluation of the cost or risk, will be required to recommend a preferred alternative. The
evaluation may even require an iterative process for evaluating existing alternatives or newly
identified alternatives.

Once the preferred decommissioning alternative is identified, the detailed decommissioning
engineering and planning tasks may begin. These tasks are described in the next section.

34 Development Phase

In the assessment phase of the decommissioning project, the final goal of the decommissioning
is identified, initial characterization surveys are performed, risk assessments are evaluated,
alternative assessments are made, and the decommissioning alternative is selected. The
development phase continues the project by performing detailed engineering, cost estimating, and
scheduling tasks and, finally, by preparing the Decommissioning Plan.
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34.1 Decommissioning Engineering

Once the alternative for the decommissioning of the nuclear facility has been selected, detailed
engineering, cost estimating, and scheduling occur. These tasks produce the technology and
methodology for decommissioning the facility which will be described in the Decommissioning
Plan. The following sections discuss these tasks.

3.4.1.1 Detailed Engineering

At the beginning of the detailed engineering effort, the cleanup and residual criteria are finalized,
and continued engineering is performed based on these finalized criteria. Discussions on the
cleanup and residual radioactivity criteria are found in Chapters 5, 7, and 13. An independent
verification contractor should be established early in the planning process if the regulatory agency
itself is not performing the verification. It is essential that agreement on release levels,
measuring standards, and techniques be established so that the final release verification is
accomplished without disagreement-with the regulatory agency. To assist in the engineering,
information about the facility is gathered from its operating history, process knowledge, operating
records, and as-built drawings, as well as operator interviews, other documentation, and site
walkdowns. In addition, a comprehensive site characterization is performed as needed to support
the detailed engineering effort. The content of a characterization plan is described in Chapter 7.
Some characterization is usually done in each of the other three phases of a decommissioning
project. Options for the disposal of radioactive waste, hazardous materials, and noncontaminated
debris are known from the assessment phase.

The disposal options dictate the waste treatment, whose technologies are detailed in Chapter 8.
These options likewise determine some of the decontamination, dismantling, or demolition
techniques used in the decommissioning project. In addition, in some locations of the nuclear
facility, access, radiation, or other causes may require the use of remotely operated equipment
to perform the decommissioning activities. Technologies that can be used for the
decontamination are described in Chapter 9; those for dismantlement, segmenting, and demolition
are found in Chapter 10; and the technologies of remote operations are discussed in Chapter 11.

Throughout the detailed engineering, appropriate actions are designed to provide for the reduction
of radiation exposure in the effort to keep exposures ALARA, maintain criticality safety (if
applicable), and provide safeguards and security for the radioactive materials. Other activities
that need to be addressed in the detailed engineering are provisions for monitoring and
controlling emissions of radioactive and hazardous materials from the facility to the workers and
the general public. These items are described more fully later in this chapter and in
Chapters 11 and 12.
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3.4.1.2 Cost Estimating

A detailed cost estimate of the decommissioning project should be prepared based on the
engineering details. The development of the cost should be based on experience with similar
projegts, standard costs in the industry for typical activities, and engineering judgment when no
other information is available. The cost estimate will have a confidence level dependent on the
relative information available and the significance of the bases of the estimate. Typical
confidence levels range from +50% to —30% for the first iteration of the estimate to £5% for the
final cost estimate immediately before actual physical work. Two types of cost estimates will
typically be calculated: unescalated and escalated. The unescalated cost is the total cost without
any time dependence; this type of cost estimate is also known as overnight cost. The escalated
cost of the project takes into account the length of time to perform the work and the prevailing
inflation in costs as a function of time. Cost estimating methods are available in other documents
and manuals; a brief overview of cost estimating is provided in Chapter 15.

3.4.1.3 Scheduling

A detailed schedule for the decommissioning activities will be developed along with the cost
estimate. The schedule and cost estimate are interdependent, because the actual cost including
escalation is dependent on the schedule. Contingency can be put into the schedule as well as into
the cost estimate itself. This practice provides for a recovery allowance for uncertainties that are
covered by contingency in the detailed cost estimate.

34.2 Preparation for Decommissioning Operations

To prepare for the physical decommissioning, a decommissioning project organization needs to
be developed and staffed. The decommissioning project organization may include the functions
listed in Table 3.1. Depending on the size and complexity of the project, each function may.
contain from less than one full-time equivalent person to a staff of many individuals.

3.42.1 Coordination

Coordination with various organizations is required throughout the decommissioning project.
Besides the obvious coordination tasks of maintaining appropriate schedules between work in
progress and specialty suppliers (including subcontractors performing work and disposal sites
receiving wastes), coordination should occur between the project team and the various regulatory
agencies providing oversight. Two major activities are (1) interfacing with the regulatory
agencies during inspections and (2) establishing communications with them whenever there are
activities that are of special interest.
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Table 3.1
Decommissioning Project Organization Functions
MANAGEMENT "
.‘r X
Facility Health & Decommissioning
Engineering Operations Safety Operations Others
= T
Procurement Utilities Industrial Dismantlement Environmental
Hygiene Protection
Site Release Office & Personnel | Health Physics Decontamination Material
Accommodations Control
Cost Control Security Safeguards Waste Treatment Personnel
Relations
Scheduling Shipping & _ | Accountability Environmental Public
Receiving Protection Relations
Quality Quality Control Waste
Assurance Management

3.4.2.2 Documentation

Official documentation for the decommissioning project should start with the decision to
decommission the nuclear facility. Major documents include the characterization report, any
feasibility studies performed, the Decommissioning Plan, project progress reports, day-to-day
radiological surveys and airborne sampling records, and the termination survey of the site. These
documents, or similar ones, are required by the regulating agencies as part of the
decommissioning process to release the site after decommissioning. These documents are public
documents and will typically be available at the regulatory agency’s public reading rooms or
community public libraries.

The first report on the characterization of the facility is the characterization plan, which describes
what contaminants are to be investigated and the methods involved in the sampling and analysis.
The last report on the characterization of the nuclear facility is the characterization report, which
presents the identity, location, and amounts of contaminants in the facility.

After the characterization is complete, there may be feasibility studies identifying alternatives to
be examined for the decommissioning of the nuclear facility. There may also be an alternatives
evaluation document to recommend the best alternative. In addition, a cost estimate document
for the cost of performing the decommissioning is required for all decommissioning projects.

The Decommissioning Plan—including the technical details of the decommissioning, waste
disposal, and final termination surveys documenting the release of the facility—is submitted to
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and approved by the regulatory agency. Part of the Decommissioning Plan is the method for
financing the project, which is dependent on the type of entity owning and decommissioning the
facility. Only after the plan has been approved by the regulatory agency can the actual physical
decommissioning tasks begin.

Depending on the size of the decommissioning project, project progress reports are prepared.
These reports record current work tasks, estimates to completion, waste volumes disposed,
materials released, and effluents released from the project.

At the conclusion of the decommissioning, a termination survey will be performed, which is
documented in the termination survey document. As part of the termination survey report,
documentation of the wastes disposed of, materials released, and effluents is required. This’
document is the final report verifying the adequacy of the decommissioning of the nuclear
facility. The termination survey is typically be performed by a third party and approved by the
regulatory agency.

3.4.2.3 Public Relations

Decommissioning projects require some form of information exchange with the public. This
exchange may simply be a part of the regulatory interface in the form of public meetings, or it
may result from a directed effort on the part of the owner of the nuclear facility or the effort of
public intervenors. Some decommissioning projects may be performed without the public ever
really becoming aware of the project. These projects do not need a public relations effort to
ensure their success. However, many decommissioning projects are subject to intense scrutiny
from various segments of the general public. These projects can benefit from an active public
relations program that informs the public of the project itself and the benefits of the
decommissioning project to the community and society. This public relations program should
begin early in the decommissioning planning, continue throughout the project, and not end until
the final disposition of the site has occurred. The funds spent on the public relations effort will
possibly avert even greater expenditures to answer public questions while the schedule for the
project is delayed.

3.42.4 Safeguards and Security

Decommissioning projects require a security, plan to protect human health during the
decommissioning and a safeguards plan, if appropriate. These plans are in addition to and
complement the work plans for the actual decommissioning work tasks being carried out as part
of the decommissioning project. Security is also required to prevent the loss or theft of materials
and facility damage that could cause dispersal of radioactive materials sufficient to affect the
safety of the public.

Decommissioning some nuclear facilities involves the disposition of fissile nuclear material (i.e.,
that nuclear material that can easily be fissioned). This material is termed Special Nuclear
Material (SNM) in light of the fact that it can be used in the production of weapons. In a
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decommissioning project that includes SNM, special procedures and precautions are required to
prevent the diversion of SNM from the decommissioning project. These safeguards are identified
in DOE Order 5630.11. In addition to safeguarding SNM from diversion, procedures are
implemented to prevent criticality (i.e., the accidental establishment of an unintended self-
sustaining nuclear reaction). Security requirements for the protection of SNM are necessary to
ensure the safety of the material. Where possible, SNM should be removed from the site prior
to starting decommissioning operations.

343 Management

Decommissioning Planning must also address such issues as permitting, worker and
environmental protection, other plans, procedures, and training. Permitting and notification are
elements of the coordination activity discussed in Section 3.4.2.1. Permits, for example, are
required for facilities that treat Resource Conservation and Recovery Act (RCRA) wastes, for the
discharge of wastewaters, and forinstallation of air pollution control equipment. EPA
notification is required for asbestos removal activities, and an EPA generator number is required
for shipment of hazardous waste. Provision for maintaining compliance with applicable
regulations is important to both project cost and schedule. Chapter 5 identifies regulations that
should be considered by the decommissioning planner.

The decommissioning logic should also include provision for essential staff functions, including
the priority concerns for protection of the worker, the public, and the environment. Worker
protection should include basic industrial safety, industrial hygiene, and health physics.
Environmental protection provides for the monitoring of site effluents and shipments, as well as
the demonstration that the final site conditions for compliance are met. Discussions of the
requirements for worker and environmental protection are included in Chapters 12 and 13,
respectively. '

The assembly of a capable staff is another key to success. Appropriate management, technical,
and administrative personnel need to be assigned responsibility for one or more of the functions
listed in Section 3.4.2, and it is important to select people who are technically or professionally
sound and who have related practical experience. These people should be assigned to the project
early so that the other preparations can be effectively accomplished.

Providing written guidance for decommissioning work elements enhances the chance for a
successful decommissioning project. This guidance can be in the form of manuals, procedures,
and bid specifications. Manuals are most suitable for the operation of administrative functions,
such as quality assurance (QA) and safety. Some procedures provide for the uniform application
of policies defined in project manuals, while others, associated with physical decommissioning
activities, ensure that critical thought and review are done prior to operations. Properly written
bid specifications are essential for maintaining subcontractor cost control and ensuring that the
desired work will get done.
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Training is required to integrate the personnel, procedures, and equipment. Training must address
both generic issues, like safety and security, and specific issues, such as the operation of a crane
or a waste treatment system.

A standardized Project Management System can be utlized in the management of a
decommissioning project. For U.S. government decommissioning projects, the Project
Management System described in DOE Order 4700.1, Change 1, should be used for all aspects
of the decommissioning project, including, but not necessarily limited to, management
organization and responsibilities, work breakdown structure, logic schedule, cost and manpower
estimates, quantitative performance criteria, systems engineering, and configuration management.

344 Decommissioning Plan Preparation

Once the detailed engineering for the selected alternative is complete, a formal Decommissioning
Plan is written. The Decommissioning Plan includes all of the technical details of the
decommissioning, the cost and s¢hedule for it, the organizational structure and other
administrative items required to successfully pursue the decommissioning, the funding details of
the project, and other aspects of the decommissioning. The content and outlines for
Decommissioning Plans for government-owned or -operated nuclear facilities, commercial
nonreactor nuclear facilities, and commercial nuclear reactor facilities are included in Chapter 4.

An important item in this phase is the sequencing of operations. Sequencing affects not only the
scheduling of activities, but also the coordination of different subcontractors who perform
specialized activities, so the project is organized as efficiently as possible within the limitations
of the site and tasks. For example, at the Shippingport Station Decommissioning Project, the
boiler chamber on the west side of the building was demolished early in the project so that the
area could be used for a tower crane that was required in the later stages of the decommissioning.
Other projects have similar situations that affect the optimum scheduling and organization of the
decommissioning.

Once the ultimate goals have been established, the technologies to perform the decommissioning
have to be identified and sequenced. One of the first questions to ask is "What is the extent of
contamination in the facility?" Not only does the planner need to know what the final goal is,
but also what materials and conditions are present prior to decommissioning.

The characterization during operations identifies the types and quantities of materials that have
to be removed during decommissioning. This characterization is done to help direct day-to-day
work activities and to demonstrate compliance with acceptance criteria for waste and materials
to be removed from the site as described in Chapter 7.

The characterization done during the development phase indicates whether the conditions at some
locations in the facility preclude human presence because of extreme conditions, such as high
radiation or accessibility. In these cases, remotely operated equipment would be employed to
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perform the required tasks. The types of remote equipment and their cababilities are discussed
in Chapter 11.

35 Operations Phase

The third phase in the decommissioning logic is the identification and sequencing of operations.
Operations include activities related to the actual physical decommissioning of the nuclear
facility. The key operational aspects that should be considered are operations on contaminated
materials, on-site storage of materials awaiting processing or disposal, and packaging of materials
for transport to processing or disposal facilities. Other elements important to operations are
described in Chapter 12.

The contaminated material within the facility may require treatment before it is properly disposed
of. This treatment may occur whether the material has been removed in whole or in part or is
the residual contaminated material remaining in process systems. Types of residual materials
found in a facility could include tank-and equipment sludges, bulk fluids such as oil or fuel, and
water systems that are required to maintain shielding. The technologies that are appropriate for
any of the materials requiring treatment are included in Chapter 8.

Material that contains contamination is processed. The material may be simply decontaminated
in situ, allowing that area to be reused. For example, a load-bearing column that is a vital part
of the building structure can be decontaminated without destroying the building. The
technologies used for decontamination of materials that remain in place are described in
Chapter 9.

Another disposition of contaminated material may be removal, which would be used whenever
the area being worked on has no function in the final configuration of the site. The material may
be dismantled or segmented and carried off for disposition, or it may be demolished in place and
the rubble carried off. The technologies that can be used in the removal of material from the
facility are identified in Chapter 11.

A third option for the disposition of contaminated material is removal and decontamination. In
this case the contaminated material is transported to a decontamination facility. The
decontaminated material may be recycled or disposed of in a less restrictive manner. This
procedure is a form of waste minimization and enhances the second decommissioning objective
(See Section 3.1.2).

The decommissioning technology planning may indicate that the technology most suitable for
some identified task or tasks has not yet been commercially produced, whether it be for waste
treatment; decontamination; or dismantling, segmenting, and demolition. In other words, it may
still be in the development stage. In this case, the decommissioning project may include at its
start a technology development program. The decommissioning project would probably be
responsible for funding the development, although other sources of funds might be available.
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Therefore, the decommissioning cost estimate would have to be incrcésed by the cost of the
technology development program. '

Preparation of areas for on-site storage of materials awaiting processing or disposal is required
to allow efficient operations. In-process storage areas are required to accommodate materials as
they are removed, so that materials from the next section can be accessed. These in-process
storage areas may simply be transporters for moving material to the processing areas, or they may
be designated laydown areas. In-process storage areas must meet specific regulations if the
material is hazardous or toxic. If any materials are to be released for recycle or (re)use by
outside commercial interests, special areas for their placement are required to simplify their
release. Other storage areas are required as holding and staging areas for processing facilities,
surveying, and packaging. These may need to meet the same requirements as in-process storage
areas.

Packaging for transport is another area that is important during decommissioning operations.
Special areas are required for packaging waste materials, their exterior contamination survey,
decontamination (if required), weighing, documenting, and loading onto transportation vehicles.
Many specifications and requirements relating to packaging and transportation of radioactive and
hazardous materials leaving the decommissioning site are detailed in Chapter 14.

Given the proper planning at the outset of the project, the proper selection of technologies, and
the proper application of the disposal options, the decommissioning project will succeed in
producing the desired results.

3.6 Closeout Phase

Closeout is the final phase of a decommissioning project. It begins at the completion of physical
decommissioning when it is believed that the site meets the defined release criteria for either
restricted or unrestricted use. Closeout may be scheduled so that some surveying is done while
decommissioning operations are still going on in other areas of the site. If this is done, measures
are required to prevent the spread of contamination to already closed-out areas.

The purpose of the closeout phase is to verify that the site in its final configuration meets the
release criteria established for the project. This closeout is performed by means of survey,
veriﬁ'cation, and documentation. Because the result may be challenged legally or in the public
forum, it is necessary that closeout be performed with a high degree of rigor.

The radiation survey performed to meet closeout needs should be carefully planned to ensure that
compliance can be demonstrated with the desired level of confidence. A prerequisite for the
survey is the preparation of a sampling and analysis plan (Chapter 7) specifically for this closeout
phase. The plan needs to identify the types and frequencies for measurements from buildings
or areas remaining within the project boundary. Generally, stratified random sampling is used
so that fewer measurements are required in areas known historically to have been essentially free
of contamination (e.g., administration buildings). Guidance for preparing and conducting final
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site surveys is given in NUREG/CR-2082 (1981) and a recent more ‘detailed upgrade Draft
NUREG/CR-5849. Titles of these NUREGs are given in Chapter 5.

The primary purpose of the sampling and analysis plan is to assess the quantity and distribution
of residual radioactivity. In addition, if hazardous or toxic materials were present, the plan would
need to assess the quantity of these substances remaining. The requirement to do this may be
imposed by DOE, NRC, or the state; or the closeout phase may be subject to regulation by
another agency (e.g., EPA).

Decontamination and waste treatment capability should be maintained during the survey phase
in the event that contamination is found to exceed the release criteria.

The second component of the closeout phase is an independent verification of the verification
survey. This is done by an organization independent of the facility owner. This organization is
usually contracted by the regulatory agency, and reviews the final survey plan and results and
makes its own series of measurements. This effort provides an independent verification of the
owner’s determination that the site complies with the release criteria. Differences between the
final release survey and the verification survey are resolved by discussion or the performance of
measurements jointly. If the verification survey does not support the conclusion "that the release
criteria are met," additional remediation and survey may still be required.

The third component in the closeout phase is documentation of the final and independent
verification surveys and other supporting calculations or correspondence. The methodology for
this part is defined by the protocol or rules of practice of DOE, NRC, or the state. If the
closeout phase is subject to regulation by others, those agencies’ rules of practice need to be
followed for that part of the closeout subject to their authority.

3.7 Conclusion

A decommissioning project can be complex and expensive. Previous decommissioning
experience has shown that it can be viewed as occurring in the four phases discussed in this:
chapter. The assessment phase discussed in the first part of this chapter leads to the selection
of a decommissioning alternative. The development phase is addressed in this chapter as well
as in Chapters 4, 5, 6, and 15; and it includes the planning needed to carry out the selected
alternative. The operations phase, or the performance of physical decommissioning, is the
primary emphasis of this handbook. It is addressed in Chapters 8-11, and Chapters 12-14
discuss support services. The closeout phase is the demonstration that release criteria are met.
Accomplishment of this is via the final site characterization, which is addressed as part of
Chapter 7.
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INTRODUCTION

4.0 DECOMMISSIONING PLAN

A decommissioning plan is a document required by the regulators that describes the method to
be used in the decommissioning of a radioactively contaminated facility. It is prepared during
the developmental phase of the project as described in Section 3.4. This chapter provides
guidance for the preparation of decommissioning plans for both government and commercial
nuclear facilities by combining information extracted from three applicable documents. The first
is DOE Order 5820.2A, Chapter V, "Decommissioning of Radioactively Contaminated Facilities,"
which provides guidance for the decommissioning of DOE-owned or -operated nuclear facilities.
The second is Regulatory Guide 3.65 (NRC 1989), Standard Format and Content of
Decommissioning Plans for Licensees under 10 CFR Parts 30, 40, and 70, which provides
guidance for commercial nonreactor nuclear facility decommissioning plans. Finally, draft
Regulatory Guide DG-1005, Standard Format and Content for Decommissioning Plans for
Nuclear Reactors (NRC 1989), was used, which provides guidance for commercial nuclear reactor
decommissioning plans.

4.1 Introduction

The subjects addressed in the three documents referenced in Section 4.0 were sorted to generate
a hybrid outline for a decommissioning plan. While this outline does not conform to the
organization of any of the three, it does address all the referenced subjects and offers a logical
sequence of topics. This generic/hybrid outline for a decommissioning plan follows:

I.  Introduction
II.  Facility History, Characterization, and Status
III.  Alternative Selection
IV. Decommissioning Activities
V. Program Management
A. Organization

1. Training

2. Quality Assurance

3. Technical Specifications
4. Physical Security
5

. Procedures
6. Role of Contractors
B. Cost

C. Schedules
VI. Worker and Environmental Protection
A. Health Physics Program
B. ALARA Practices
VII. Waste Management
VIII. Final Survey Plan
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The next section in this handbook provides additional information about the contents desired for
each subject.

4.2 | Elements of a Decommissioning Plan

The following sections paraphrase guidance for addressing the various topics needed in a
decommissioning plan.

4.2.1 Introduction

This section should contain identifying characteristics of the facility and a brief narrative
description of the decommissioning plan proposed. Such topics as decommissioning alternative
selected, final estimated cost, amount of available funds, major activities and schedules (in
particular the estimated date for completion of decommissioning), items subject to quality
assurance (controls and audits), activities that may be performed by the owner or contractors, and
the final radiation survey plan should be included.

4.2.2 Facility History, Characterization, and Status

The planner should describe historical information on operational occurrences that could
adversely affect decommissioning safety. Such things as spills or releases that resulted in
significant residual radioactive contamination, the specific location of normally inaccessible
systems and equipment that may contain high levels of radiation, and areas of the site that may
contain excessive radioactive contamination should be included in the description. This type of
information can be obtained from facility records and personnel familiar with the facility. This
information is important to safety and should be considered when preparing plans and procedures
for decommissioning activities. This should include a list of all locations in the facility where
any work with radioactive materials was ever performed, the material that was involved, a
description of the operations performed, and typical radiation and contamination levels during
those operations. Maps and drawings of the facility showing all modifications made to
radiological work sites during the life of the facility should be included. Description of
operational occurrences that involved such things as spills, releases, or other accidents that
resulted in significant residual radioactive contamination should also be included in the plan.

A part of this section should be devoted to describing the current status of the facility. Radiation
levels of contaminated systems, structures, and components should be established. It is
recognized that complete information may not be available at the time of submittal of the
decommissioning plan. However, sources of radiation that are the basis for radiation protection
should be described by either measurement or calculation. Information in this section should be
updated as additional radiation surveys are made. Radiation sources should be described by dose
rate and location; major sources of radioactivity should be located on plant layout drawings. For
all sources, including neutron-activated sources, the basis for determining the radioactivity levels
should be provided.

4-2



ELEMENTS OF A DECOMMISSIONING PLAN

In addition, information on the current status can be provided using drawings, photographs, and
other records reflecting the as-built and as-modified condition of the facility and grounds. The
condition of all structures, existing protective barriers, and systems installed to ensure public,
occupational, and environmental safety should be described. The type, form, quantity, and
location of hazardous chemicals also should be specified.

4,23 Alternative Selection

This section should include a summary evaluation of decommissioning alternatives for the facility
including the preferred alternative.

For an electric utility licensee, if the planned method will resuit in completion of
decommissioning more than 60 years after cessation of operations, an evaluation of the factors
causing this delay should be presented. For NRC licensees other than an electric utility, if the
planned method will result in delayed completion of decommissioning, an evaluation of the
factors causing this delay should- be presented. Requirements on the length of time
decommissioning may last and the factors to be considered in evaluating requests for longer than
normal delays is contained in 10 CFR 50.82(b)(1).

4.24 Decommissioning Activities

In this section, the planner should indicate the decommissioning objective and discuss how the
proposed activities will achieve this objective and the reasoning used to select particular methods
to be used in the decommissioning. The planner should list or tabulate the major activities
related to processes, systems, equipment, and land to be decommissioned.

For reactors, the planner should list or tabulate activities related to decommissioning safety. For
major activities involving radiation, an estimate of occupational dose, in person-rem, to complete
the activity should be provided. This should include such activities as removal and shipment of
the reactor vessel and internals; the dryer and separator; the sacrificial shield; and contaminated
piping, equipment, and concrete in the containment, auxiliary or radioactive waste building, and
turbine building (for boiling water reactors), as well as decontamination of systems and operation
of the liquid and solid radioactive waste systems. A table should be submitted that lists each
activity and associated exposure, in person-rem, and total cumulative exposure for the entire
decommissioning effort. It is important that ALARA be considered in the initial planning of
activities.

If SAFSTOR or ENTOMB is selected, activities related to preparing the facility and site for
storage should be provided in detail. Activities for maintaining the facility and site in safe
storage or following entombment and for final decommissioning should be described to the extent
known.

This section should also include a discussion of accidents that could significantly affect
occupational or public health and safety during decommissioning that are significantly different
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from those evaluated for plant operations or maintenance. Sufficient detail should be included
so that significant potential accidents will be revealed and analyzed. The analyses should show
that decommissioning can be accomplished in a safe manner.

4.2.5 Program Management
This section contains detailed administrative, cost, schedule, and management information.
4.2.5.1 Organization

The decommissioning organization and responsibilities with respect to the overall project should
be described. The licensee should identify key positions in the decommissioning organization
and describe their functions. The lines of authority up to the corporate level should be indicated.
The education, training, and experience requirements should be described for positions important
to decommissioning safety. The:person with ultimate on-site authority should be designated by
position. Additionally, the decommissioning organization should include a corporate radiation
committee (or equivalent) to monitor the decommissioning operation to ensure that it is being
performed safely. The committee should review and audit major decommissioning operations
dealing with special nuclear material, radioactive material, radiological controls, review
procedures, records, reportable occurrences, and changes. The committee should be responsible
to high-level corporate management.

Training: This section should contain a description of the training program, including general
and specific radiological safety training for operators, contractor personnel, and other personnel.
The description should include the scope of training in decontamination and other
decommissioning activities, health physics, and the use and maintenance of radiation surveillance
and monitoring equipment. The background and experience of people performing the training
should be given. This section should also contain a description of the system for maintaining
records of training received by personnel.

Quality Assurance: In this section the planner should describe the QA program to be established
and executed during decommissioning. The equipment, such as plasma torches, portable
ventilation, shielding, and procedures that will be subject to the QA controls and audits should
be listed. The QA program should be estaviished at the earliest practical time consistent with
the schedule for accomplishing an activity. The positions and responsibilities for review and
audit should be specified.

Technical Specifications: In this section the controls and limits on procedures and equipment to
protect occupational and public health and safety should be specified. They should be derived
from an analysis of the health and safety and environmental assessment of decommissioning the
facility. The analysis should lead to the conclusion that the health and safety of the public and
decommissioning personnel will be protected if all operations are performed within certain
prescribed limits. Limits selected for a commitment to action should be specified.
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Not all controls and limits on procedures and equipment to protect occupational and public health
and safety during the active decommissioning phases, particularly for dismantlement procedures,
need to be in the form of technical specifications; such procedures should provide some
flexibility for changing conditions and possibly unforeseen factors. Care should be taken to
structure technical specifications for decommissioning in such a way that they would
automatically adjust or be discontinued as appropriate if conditions change. In this way, the need
for repeated requests for modifications or elimination of technical specifications can be avoided.

Physical Security: For NRC licensees, when applicable, a description of and a schedule for any
proposed changes to the NRC-approved physical security plan and special nuclear material
control and accounting plan should be provided in this section. If not applicable, a notation to
this effect should be entered in this section.

Procedures: The planner should state a commitment to conduct decommissioning activities in
accordance with written procedures approved by management. The control system that ensures
that written procedures are prepared; reviewed, revised, approved, and implemented should be
described.

Role of Contractors: The owner or licensee may choose to accomplish some or all
decommissioning activities by using contractors. However, the responsibility for safety during
decommissioning rests with the owner or licensee. For each contracting organization, the scope
of work, the contractor qualifications to perform work with radioactive material, and
administrative controls to be used to ensure adequate health and safety protection should be
described. The owner or licensee should indicate which activities will be performed under
subcontractor licenses and indicate the name, address, and license number of the subcontractor.

425.2 Cost

In this section the planner should present a cost estimate based on the detailed description of
activities. NRC licensees who have already submitted a prior cost estimate should present an
updated cost estimate as part of the decommissioning plan, while licensees who had submitted
either a certification or made no formal submittal must now submit a detailed cost estimate. The
licensee is to show how adequate funds for the completion of decommissioning will be made
available. A comparison of the cost estimate made in this section with present funds is to be
provided. If there is a deficit in present funding, the licensee should include a description of how
sufficient funds for decommissioning will be made available. Guidance on funding is being
developed in Regulatory Guide 1.159, "Assuring the Availability of Funds for Decommissioning
Nuclear Reactors, August 1990." If either SAFSTOR or ENTOMB is selected and justified, the
licensee should describe the plan to provide reasonable assurance that adequate funds will be
available when needed to complete decommissioning.
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4.25.3 Schedules

For major activities, the relationship between activities should be shown. Where pertinent, the
schedules for accomplishing interrelated activities should be delineated. Schedules or diagrams
should clearly indicate the estimated 'time for completion of decommissioning.

4.2.6 Worker and Environmental Protection

This section should contain a description of the methods used to ensure protection of workers and
the environment against chemical and radiation hazards during decommissioning.

4.2.6.1 Health Physics Program

The organization’s health physics program to be in effect during decommissioning should be
described. The program should include administrative and technical details as well as quality
assurance provisions such as audits, inspections, or management reviews.

The criteria for selecting equipment and instrumentation for performing radiation and
contamination surveys and personnel monitoring, including special instruments for detecting low
levels of radiation, should be provided in this section; the types of instruments to be used should
be described. The use, storage, calibration, testing, and maintenance for these instruments should
be described. The purpose (e.g., personnel monitoring, radiation surveys), range, and sensitivity
should be described for each type.

The policy, methods, frequency, and procedures for effluent monitoring, conducting radiation
surveys, and personnel monitoring (including internal and external dosimetry systems) should also
be described. The anticipated use of respiratory protection should be explained. Methods for
contamination control should be described, including anticontamination clothing, control of access
to restricted areas, and ventilation systems for containment of airborne radioactive contamination
(including anticipated use of special and temporary ventilation systems). The program for
determining airborne radioactivity in work areas should be described. The program description
should include locations of air samples, types of equipment, and frequency of sampling and
analyses.

If appropriate, changes may be made to an existing program. However, the decommissioning
plan should clearly indicate the contents of the existing program and present the additional
information described in this section.

In addition, the health physics program should identify potential sources of radiation or
contamination exposure to workers or to the public that are generated by the decommissioning
activities themselves. The owner or licensee should specify how these potential sources will be
controlled.
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In addition, the planner should describe radiation protection policies for ensuring the safety of
contractor personnel when they are working in restricted areas and the means of implementing
these policies, projections of occupational exposure, and radiological criteria to be used.
Knowledge from previous decommissioning reports and from the available literature should be
addressed to show how it can be used to improve decommissioning designs and procedures.

4.2.6.2 ALARA Practices

The planner should state the policy for keeping individual and collective occupational radiation
exposure ALARA during decommissioning. Management positions responsible for radiation
protection and maintaining occupational exposure ALARA during decommissioning should be
described. If the planner can demonstrate that an existing ALARA plan or radiation protection
program includes the ALARA information for this section, a separatt ALARA plan for
decommissioning would not be needed. Alternatively, the plan may describe modifications to
an existing ALARA plan or radiation protection program.

This section should contain a description of those methods for occupational radiation protection
specific to ALARA. This would include, for example, a work activity control program to
minimize worker exposure (including the criteria for issuing and terminating radiation work
permits), and a program to control the handling and storage of radioactive material.

4.2.7 Waste Management

Procedures, processes, and systems to be used for handling, storing, and disposing of radioactive
waste should be described. The plan should show how the applicable disposal site restrictions
for processing and disposal of low-level radioactive waste will be met. The plan should contain
a projection of radioactive waste generation. This projection should include a detailed
characterization of the wastes to be generated with projected volumes, radionuclide
concentrations, waste forms and classification, and information on any significant quantities of
special wastes such as chelates and mixed waste (i.e., mixed radioactive and hazardous wastes).
If radioactive wastes are to be temporarily stored on-site, the quantities of waste, the expected
length of storage, the location of storage areas, radiation levels at access points, and the manner
in which positive control will be maintained should be described. If wastes from restricted areas
are to be disposed by landfill or similar methods, the means for demonstrating that criteria for
release for unrestricted use are met should be specified. If mixed waste generation is anticipated, :
the effect on work procedures and the decommissioning schedule resulting from compliance with
EPA requirements should be indicated. The plan should indicate the extent to which the site has
been previously used to dispose low-level radioactive wastes by land burial and indicate the
remedial measures that are appropriate before the site can be released.

Finally, the planner should describe the systems used for waste treatment, including a discussion
regarding concentrations of contaminants and volumes of waste to be treated. It should be
indicated whether treatment would be done using existing systems (to be retained in an
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operational status) or systems to be installed. Schedules discussed in Section 4.2.5.3 should
clearly indicate the availability of these systems.

4.2.8 Final Survey Plan

This section should contain a description of the final radiation (and chemical, if applicable)
survey. The final radiation survey plan should provide the basis for verifying that the facility,
site, and the contiguous adjacent environs meet radioactivity levels that permit release for
unrestricted or restricted use.

In this section the planner should submit a proposed final radiation survey plan. A description
should be included that shows how the facility and site will be prepared to meet criteria for
release. The description should include the proposed method for ensuring that sufficient data will
be collected for a meaningful statistical survey and that all pertinent structures, systems,
components, equipment, and the site and adjacent environs are included. Other discussions
should address (1) the type and operating conditions of instruments to be used; (2) methods to
be used to obtain and analyze data, including the methodology to be used to ensure that
instrument readings or sample analysis will be appropriately translated into the units to be
reported (e.g., dpm/100 cm?, pCi/g of soil); (3) information on preoperational radiation survey
results and other data on background radiation, and (4) methods to be used for auditing and
verifying data.

The final radiation survey plan should demonstrate that a reasonable effort has been made to
eliminate residual radioactive contamination. The planner should explicitly describe the radiation
and contamination levels expected upon release of the facility and provide a justification if they
deviate from existing or accepted guidance.

If SAFSTOR is planned, discussion of the final radiation survey plan may be general, with details
submitted as part of an updated decommissioning plan prior to the deferred dismantlement. For
ENTOMB, termination of the license should be able to be based on a characterization of
contamination carried out during the entombment sufficient to calculate contamination levels that
will exist in the entombed structure at the end of the surveillance period. If part of the site is
to be released for unrestricted use at the time of preparation for safe storage or entombment,
detailed plans for a radiation survey on which this release can be based should be submitted.

4.3 Conclusion

The decommissioning plan is a required document for the eventual decommissioning of the
nuclear facility, whether government or commercial. Section 3.4 describes the preparation of the
decommissioning plan and the suggested content and format of the document are contained
herein. Chapters 5 through 15 of this handbook provide the information necessary for the
development of the decommissioning plan.
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U.S. DEPARTMENT OF ENERGY-CONTROLLED NUCLEAR FACILITIES

5.0 LEGISLATIVE AND REGULATORY REQUIREMENTS AND OTHER
APPLICABLE GUIDANCE

The regulations and requirements that are applicable to a decommissioning project are many and
changing. Several nuclear facilities built in the 1940s and 1950s, under the Atomic Energy Act
of 1954, have just reached or are approaching their design life concurrently with the publication
of this handbook, and decisions will have to be made shortly regarding the management of the
risks they pose. Because few of these facilities have been decommissioned, regulation and
guidance are still in their infancy and are evolving to meet the coming need.

Regulations affecting decommissioning can be divided into three categories. The first category
includes those regulations that directly affect decommissioning (e.g., the removal of radioactive
materials as needed to reduce future risk). The second category are those regulations that protect
the worker and the public from radiation during decommissioning operations. Third are the
regulations that apply if hazardous or toxic materials that require remedjation are present in the
facility.

Sections 5.1 and 5.2 identify regulations applicable to government and commercial nuclear
facilities, respectively. Sections 5.3, 5.4, 5.5, and 5.6 highlight applicable requirements of EPA,
the Occupational Safety and Health Administration (OSHA), DOT, and Council on Environmental
Quality (CEQ); and Section 5.7 lists guidance available through the International Atomic Energy
Agency (IAEA).

5.1 U.S. Department of Energy-Controlled Nuclear Facilities

DOE is a cabinet-level department of the U.S. government. It is responsible for developing
energy technology, federal power, energy conservation, the nuclear weapons program, energy
regulatory programs, and a central energy data collection and analysis program. DOE
Order 5820.2A, Radioactive Waste Management, is the requirement that stipulates that
government-owned facilities be decommissioned. This Order establishes policies, guidelines, and
minimum requirements by which DOE manages its radioactive and mixed waste and its
contaminated facilities. Chapter V of this Order establishes policies and guidelines for
decommissioning. This Order specifically excludes commercially generated spent nuclear fuel
or high-level radioactive waste. Therefore, as indicated in the Introduction to this handbook,
spent nuclear fuel and high-level radioactive waste are not included as part of decommissioning.

DOE Order 5400.5, Radiation Protection of the Public and the Environment, is also directly
related to decommissioning. The Order is currently being codified in 10 CFR 834. In essence,
this Order establishes standards and requirements under which DOE and its contractors operate
while protecting members of the public and the environment against undue risk from radiation.
This Order affects decommissioning in two ways. First, limits are given that govern the release
of radioactive materials in the air or water during operations, including decommissioning.
Second, Chapter IV of this Order defines the maximum amount of residual radioactive material
that can remain after decommissioning. Figure IV-1 of this chapter gives the limits for residual
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radioactive material on surfaces, and Section IV-1 of this part gives the guidelines for
determining the level of allowable residuals in soil. The determination is based on an allowable
dose and ALARA considerations, and pathway analyses are required to translate the basic dose
limit into concentration limits for site soil. Guidance for performing pathway analyses are given
in A Manual for Implementing Residual Radioactive Material Guidelines (DOE/1989).

Other DOE Orders that may affect decommissioning, depending on the particulars of any given
project, follow.

1332.1  Uniform Reporting System—Establishes the DOE uniform reporting system for
contracts, loans, and loan guarantees, and it provides implementing formats, forms,
instructions, and procedures for information that is essential for effective management.

1540.1  Materials Transportation and Traffic Managemeni—Establishcs DOE policies and
procedures for managmg materials transportation activities, including traffic
management.

1540.2 Hazardous Material Packaging for Transport (Administrative
Procedures)—Establishes administrative procedures for the certification and use of
DOE packaging for radioactive and other hazardous materials.

1540.3  Base Technology for Radioactive Material Transportation Packaging
Systems—Establishes DOE policies and responsibilities for coordinating and planning
base technology for radioactive material transportation packaging systems.

4300.1  Real Property Management—Establishes department-wide policies and procedures for
the acquisition, use, inventory, and disposal of real property or interests.

4700.1  Project Management System—Establishes the DOE project management system and
provides implementing instructions, formats, and procedures, and it sets forth the
principles and requirements that govern the development, approval, and execution of
DOE’s outlay program acquisitions.

5400.1  General Environmental Protection Program—aEstablishes environmental protection
program requirements, authorities, and responsibilities for DOE operations, to ensure
compliance with applicable federal, state, and local environmental protection
regulations; executive orders; and internal DOE policies.

5400.2  Environmental Compliance Issue Coordination—Establishes requirements for
coordinating environmental compliance issues to ensure timely development and
consistent application of DOE environmental policy and guidance.
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5400.3

5400.4

5440.1

5480.1

5480.3

5480.4

5480.5

5480.6

5480.7

5480.11

5480.19

Hazardous and Radioactive Mixed Waste Program—Establishes DOE hazardous and
radioactive mixed-waste policies and requirements and implements the requirements
of RCRA within the framework of the environmental programs established under
DOE Order 5400.1.

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Requirements—Establishes and implements DOE CERCLA policies and procedures
(within the framework of DOE Order 5400.1) as prescribed by the National Oil and
Hazardous Substances Pollution Contingency Plan (NCP) and under the authorities of
Executive Order 12580.

National Environmental Policy Act—Establishes DOE responsibilities and procedures
to implement the National Environmental Policy Act of 1969 (NEPA).

Environment, Safety, and Health (ES&H) Program for DOE Operations—Establishes
the ES&H Program for DOE operations.

Safety Requirements for the Packaging and Transportation of Hazardous Materials,
Hazardous Substances, and Hazardous Wastes—Establishes requirements for
packaging and transporting hazardous materials, hazardous substances, and hazardous
wastes.

Environmental Protection, Safety, and Health Protection Standards—Provides
requirements for applying the mandatory environmental protection, safety, and health
standards pertinent to all DOE and DOE contractor operations; lists ES&H standards;
and identifies the sources of mandatory and reference ES&H standards.

Imposition of Proposed Nuclear Safety Requirements—Describes how necessary
requirements are implemented in a manner which is coordinated with other
safety-significant work.

Radiological Control—Establishes DOE’s Radiological Program and the framework
for its implementation.

Fire Protection—Establishes requirements for a comprehensive fire protection and
related perils protection program sufficient to attain DOE objectives.

Radiation Protection for Occupational Workers—Establishes radiation protection
standards and program requirements for DOE and its operations with respect to the
protection of workers from ionizing radiation.

Conduct of Operations Requirements‘ for DOE Facilities—Provides internal DOE
requirements and guidelines for developing directives, plans, and/or procedures relating
to the conduct of operations at DOE facilities.
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5480.23

5481.1

5483.1

5500.3

5630.11

5633.2

5633.3

5660.1

5700.6

Nuclear Safety Analysis Reports—Establishes requirements for contractors responsible
for the design, construction, operation, decontamination, or decommissioning of
nuclear facilities to develop safety analyses that establish and evaluate the adequacy
of the safety bases of the facilities.

Safety Analysis and Review System—Establishes uniform requirements for the
preparation and review of safety analyses of DOE operations, including identification
of hazards, their elimination or control, assessment of the risk, and documented
management authorization of the operation. :

Occupational Safety and Health Program for DOE Contractor Employees at
Government-Owned Contractor-Operated Facilities—Establishes requirements and
procedures to ensure that occupational safety and health standards provide protection
for DOE contractor employees in government-owned facilities.

Planning and Preparedness for Operational Emergencies—Establishes requirements
for planning and preparedness for operational emergencies involving the DOE or
requiring DOE assistance.

Safeguards and Security Program—Establishes the policy and responsibilities for the
DOE Safeguards and Security Program.

Control and Accountability of Nuclear Materials, Responsibilities, and
Authorities—Prescribes DOE policies, responsibilities, and authorities for control and
accountability of nuclear materials.

Control and Accountability of Nuclear Materials—Prescribes the DOE minimum
requirements and procedures for control and accountability of nuclear materials at
DOE-owned and -leased facilities and at other facilities that hold DOE-owned nuclear
materials and that are exempt from licensing by the NRC.

Management of Nuclear Materials—Establishes policy objectives and procedures for
the management of nuclear materials within DOE.

Quality Assurance—Establishes qualit)l' assurance requirements for DOE.

In the case of EPA regulations, DOE Orders provide information and guidance from EPA
requirements so that DOE facilities and operations achieve equivalent compliance; and in the case
of NRC rules, DOE Orders are intended to achieve equivalent results (NRC rules do not apply

to DOE).
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52 Commercial Nuclear Facilities

All commercial nuclear facilities are licensed under 10 CFR Parts 30, 40, 50, 61, 70, or 72.
Commercial nuclear facilities are decommissioned as required by 10 CFR 30.35 for licensees
holding byproduct licenses, 10 CFR 40.42 for holders of source material licenses, 10 CFR 50.82
for holders of production or utilization licenses, 10 CFR 61.28 for holders of licenses for land
disposal of radioactive waste, 10 CFR 70.38 for special nuclear material licenses, and
10 CFR 72.54 for ISFSI licenses. The requirements for license terminations include the
submission of a decommissioning plan to describe what steps are taken to ensure that the
decommissioning can be performed in a safe manner and to demonstrate that the facility and site
will meet criteria for release for unrestricted use. The requirements for the contents of the
decommissioning plans are found in Regulatory Guide 3.65 (NRC 1989a) for nonreactor nuclear
facilities and in draft Regulatory Guide DG-1005 (NRC 1989b) for nuclear reactor facilities.

5.2.1 U.S. Nuclear Regulatory Commission Regulations

NRC licenses and regulates civilian use of nuclear materials to protect public health and safety
and the environment. NRC makes rules and sets standards for licensees and inspects the
activities of licensees to ensure that they do not violate safety rules. NRC requirements are found
in 10 CFR. In many cases NRC regulations are implemented by state agencies, who also have
authority under state law to impose requirements. The NRC requirements under 10 CFR include
the following:

Parts 30-33 pertain to licenses for the ownership and use of byproduct material,

Part 40 pertains to licensing of source material,
Part 50 pertains to licensing of production and utilization facilities,
Part 61 presents licensing requirements for land disposal of radioactive wastes and

eventual decommissioning of the facility,
Part 70 pertains to licensing of SNM, and

Part 72 pertains to licensing requirements for independent storage of spent nuclear fuel
and high-level radioactive waste.

Further requirements for the operation of commercial nuclear facilities are embodied in other
Title 10 regulations. These regulations are applicable to decommissioning projects but do not
directly affect them. These regulations include the following:

Part 20 presents standards for protection against radiation,
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Part 51 pertains to environmental protection regulations for domestic licensing and
related regulatory functions,

Part 62 pertains to emergency access to LLW disposal facilities,

Part 71 pertains to packaging and transportation of radioactive material,
Part 73 pertains to physical protection of plants and materials,

Part 74 pertains to material control and accountability for SNMs, and
Part 75 pertains to safeguards on nuclear material.

Other guidance documents and regulatory guides published by NRC include those in the
following list.

. NUREG/CR-2082, Monitoring for Compliance with Decommissioning
Termination Survey Criteria (NRC 1981)—This document addresses the
final steps needed to ensure that a site that has been decontaminated can be
released for unrestricted use.

. NUREG/CR-5512, Residual Radioactive Contamination from
Decommissioning: Technical Basis for Translating Contamination Levels
to Annual TEDE—This manual provides an acceptable method for
translating residual radioactivity levels (measurable quantities) into doses
to individuals. It is also expected to include a computer model that can be
used for conducting a screening scenario/pathway analysis with site-specific
parameters so that site-specific dose rate conversion factors can be
calculated.

J NUREG/CR-5849, Guidance Manual for Conducting Radiological Surveys
in Support of License Termination (NRC 1992)—This manual is intended
to provide licensees with specific guidance on planning, conducting, and
documenting site surveys that could be used to demonstrate that the site has
been decontaminated to a level consistent with NRC criteria.

J Regulatory Guide 1.86, Termination of Operating Licenses for Nuclear
Reactors (AEC 1974)—This guide describes methods and procedures
considered acceptable for the termination of operating licenses for nuclear
reactors.

5-6



COMMERCIAL NUCLEAR FACILITIES

J Regulatory Guide 3.65, Standard Format and Content of Decémmissioning
Plans for Licensees Under 10 CFR Parts 30, 40, and 70 (NRC 1989)—This
document provides guidance on preparing decommissioning plans.

. Regulatory Guide 8.8, Information Relevant to Insuring That Occupational
Radiation Exposures at Nuclear Power Stations Will Be as Low as is
Reasonably Achievable (ALARA) (NRC 1978)—This document provides
radiation protection information pertaining to actions taken during the
design, construction, operation, and decommissioning to assure that
occupational radiation exposures are kept ALARA.

5.2.2 Low-Level Radioactive Waste Policy Act and Amendments

The Low-Level Radioactive Waste Policy Act of 1980 and the Low-Level Radioactive Waste
Policy Amendments Act of 1985 have had a major effect on the disposal of radioactive waste
from commercial nuclear facilities. These acts have mandated the creation of regional
"compacts" to cite and operate new disposal facilities. The acts established a series of
milestones, penalties, and incentives to ensure that the compacts will be able to manage waste
generated within their compacts. Until such time that the compact’s disposal sites are operating,
the existing disposal facilities impose surcharges on waste from outside their compacts. After
a specified date, the compacts are responsible for managing their own radioactive wastes and can
prohibit disposal of waste generated from outside their compacts (FR 1992). The current
surcharge and the estimated cost for disposal of waste in future disposal facilities have caused
the cost for waste disposal to become an increasingly large fraction of the entire
decommissioning cost.

523 Nuclear Waste Policy Act and Amendments

The Nuclear Waste Policy Act of 1982 established the Office of Civilian Radioactive Waste
Management within DOE to prepare facilities for the receipt of spent nuclear fuel from
commercial nuclear power plants. However, the federal repository will be completed no sooner
than 2010. Commercial nuclear power reactors licensed under 10 CFR 50 are required to be
decommissioned at the end of their operating license (40 yr after start of construction). As
indicated in the Introduction to this Decommissioning Handbook, and as stated in draft
Regulatory Guide DG-1005, Section 3.3.1, "Fuel Disposal," irradiated spent fuel should be
disposed of off-site before decommissioning starts. However, there is no federal repository for
the receipt of the spent nuclear fuel. Therefore, 10 CFR 72 has been promulgated to enable
holders of Part 50 licenses to build and operate ISFSIs until a federal repository is available.
Therefore, decommissioning of the main nuclear reactor facility can commence, but there will
be continued operation of the ISFSI until the spent fuel can be transferred to DOE custody.

DECOMMISSIONING HANDBOOK .
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5.24 Criteria for the Release of the Site and Materials from tﬁe Site

NRC Regulatory Guide 1.86 (AEC 1974) specifies the residual radioactive contamination limits
after decommissioning. Other sources of guidance for release of radioactive materials are in
10 CFR 20. In addition, there are site-by-site criteria for the release of radioactive contamination
located within the bulk of materials. Regulatory Guide 1.86 specifies surface contamination
limits but does not specify bulk limits. NRC attempted to provide blanket guidance for below
regulatory concern (BRC) materials that included bulk limits; however, public opposition has
caused the NRC to withdraw its BRC policy. Consequently, no generally held release limits exist
for bulk radioactive materials. Each nuclear facility being decommissioned has to negotiate an
acceptable limit for bulk material based on site-specific criteria and conditions.

5.2.5 Nuclear Facilities Regulated by States and Local Governments

NRC has agreements with some of the states that nonreactor nuclear facilities may be regulated
by state agencies in lieu of regulation by NRC. These states are termed Agreement States. These
states regulate the nuclear facilities that would otherwise be licensed under 10 CFR Parts 30, 40,
or 70. In addition, all states regulate facilities that handle naturally occurring radioactive
materials and accelerator-produced radioactivity. In these cases, the decommissioning of the
nuclear facilities would have to meet the requirements of the individual state regulations’
concerning decommissioning, funding, operating limits, and release criteria.

53 U.S. Environmental Protection Agency

EPA was established as an independent agency within the executive branch of the
U.S. government. The agency strives to decrease and control pollution by integrating research
with monitoring, setting standards, and enforcement activities. The regulatory requirements
include the Clean Air Act of 1970 (CAA), Clean Water Act of 1977 (CWA), Safe Drinking
Water Act of 1974 (SDWA), and RCRA, which provide a base program for regulating pollutants
entering the air, surface water, groundwater, and land. These four laws establish a program to
address hazardous wastes. Other laws that address hazardous waste include the Toxic Substances
Control Act of 1976 (TSCA); CERCLA, which addresses cleanup of hazardous waste
contamination from past practices; and the Superfund Amendment and Reauthorization Act of
1986 (SARA).

Together, these laws provide for a basic philosophy of reducing the amount of waste generated
through process modification, recycling, and treatment. These laws are described in more detail
in the following sections.

5.3.1 Clean Air Act

CAA established national goals for air quality to protect public health and welfare, and it required
the use of quality standards and criteria for the control of pollutants in the environment. The
approach of CAA is to determine the relationships between public health and welfare and air
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quality, while restoring, maintaining, and improving the quality' of the environment.
Implementing regulations for the CAA are codified in 40 CFR Parts 50, 53, 56, 58, 60-62,
65-67, 69, and 81.

J In 40 CFR 50 standards are detailed for National Primary and Secondary
Air Quality Standards. The national primary ambient air quality standards
are those that are considered necessary. Secondary standards were
developed to protect the public welfare from any known or anticipated
adverse effects of a pollutant. :

. In 40 CFR Parts 53, 56, and 58 guidance is provided for Ambient Air
Monitoring, Regional Consistency Under the Clean Air Act, and Ambient
Air Quality Surveillance Regulations, respectively.

o The National Emission Standards for Hazardous Air Pollutants (NESHAP),
are detailed in 40 CFR 61, which applies to new and existing sources.
Among the selected pollutants regulated in 40 CFR 61 are Radionuclide
Emissions from DOE Facilities (40 CFR 61, Subpart H).

5.3.2 Clean Water Act

The goal of CWA is to restore, maintain, and enhance the chemical, physical, and biological
integrity of the nation’s water. To accomplish this goal, regulations were set forth establishing
stream water quality and effluent limitations.

The enforcement mechanism legislated by CWA is the National Pollutant Discharge Elimination
System (NPDES) promulgated by 40 CFR Parts 121-123 and 125. NPDES permits are issued
to municipal and industrial dischargers to ensure that pollutant discharges do not violate water
quality ‘standards. Industrial discharge into a publicly owned treatment plant is regulated in
40 CFR 403. This means that some industries may have to pretreat their wastes before
discharging them to the treatment plant.

Particular importance is placed on the control of effluents containing toxic or hazardous
pollutants. Regulations concerning the discnarge of toxic and hazardous pollutants are set forth
in 40 CFR Parts 116 and 141-143.

533 Safe Drinking Water Act

SDWA regulates the quality of drinking water, and in so doing it effectively limits the
concentration of contaminants in the groundwater. The National Primary Drinking Water
Regulations and the enforcement responsibilities for these regulations are established in
40 CFR Parts 141 and 142. The National Secondary Drinking Water Regulations are established
in 40 CFR 143.
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534 Resource Conservation and Recovery Act

RCRA regulations define hazardous wastes and regulate their transport, treatment, storage, and
disposal. RCRA defines all hazardous wastes as solid waste; this includes all types of hazardous
wastes, whether they are solid, semisolid, liquid, or even gaseous (so long as they are in
containers).

EPA has listed roughly 500 specific wastes that it considers hazardous to human health or the
environment. RCRA and state laws provide that a waste can be hazardous if it exhibits one or
more characteristics that make it physically or biologically hazardous. Under RCRA, EPA has
defined four such characteristics: corrosivity, ignitability, reactivity, and toxicity.

Standards for generators of hazardous waste are detailed in 40 CFR 262. These requirements
include obtaining an EPA identification number, meeting waste accumulation standards, labeling
wastes, and keeping appropriate records. Generators are allowed to store wastes for up to 90
days in 40 CFR 262 without a permit and without gaining interim status as a treatment, storage,
and disposal facility. If treatment residues are stored on-site for 90 days or more, 40 CFR 265
requirements apply.

Any facility (on-site or off-site) designated for permanent disposal of hazardous wastes must be
in compliance with RCRA. Disposal facilities must fulfill permitting, storage, maintenance, and
closure requirements contained in 40 CFR Parts 264-270. Subparts F and S of 40 CFR 264,
include requirements for corrective action at RCRA-regulated facilities. If treatment residues are
disposed of off-site, 40 CFR 263 transportation standards apply.

Under 40 CFR 264-265, all owners or operators of hazardous waste facilities are required to
design a contingency plan to minimize hazards to human health or the environment from fires,
explosions, or any unplanned sudden or nonsudden release of hazardous waste/constituents to air,
soil, or surface water.

5.3.5 Toxic Substances Control Act

Congress enacted TSCA with the main objective of identifying and controlling hazardous
chemicals during their manufacture, use, and disposal, thereby reducing adverse effects on human
life and the environment. The act regulates the disposal and use of asbestos and polychlorinated
biphenyls (PCBs).

5.3.6 Comprehensive Environmental Response, Compensation, and Liability Act

CERCLA was enacted in response to the concern for the dangers of negligent hazardous waste
disposal practices. The objectives of CERCLA include the following:

. to provide the enforcement agency with the authority to respond to releases
of hazardous wastes (as defined in CAA, CWA, and TSCA and by the
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administrator of the enforcement agency) from "inactive" hazardous waste
sites that endanger public health and the environment;

. to establish a Hazardous Substance Superfund;

J to establish regulations controlling inactive hazardous waste sites; and

. to provide liability for releases of hazardous wastes from such inactive
sites.

5.3.7 Superfund Amendment and Reauthorization Act

SARA was passed to better safeguard the safety and health of workers and the community and
to better manage the threat of exposure to hazardous substances released into the environment.
SARA is composed of several important provisions. The most.important is SARA, Title III, also
known as the Community Right-to-Know. Title II sets federal, state, and local government
requirements and guidelines for business and industry for the gathering and submission of
information relating to the release of toxic chemicals into the environment. SARA builds on
other regulatory acts and attempts to set uniform requirements with the OSHA Hazard
Communication Standard for industry and construction. The key provisions of SARA are set
forth in 40 CFR Parts 302, 304, and 311-313.

. Under 40 CFR 302 EPA is required to publish a list of "extremely
hazardous substances" and threshold planning quantities (TPQs) for them.
Any facility where an extremely hazardous substance is present in an
amount in excess of the TPQ is required to notify the state commission.
The list of extremely hazardous substances and their TPQs can be found in
40 CFR 355, Appendix A.

. Under 40 CFR 304 requirements are established for immediate reporting of
certain releases of hazardous and extremely hazardous substances to state
and local officials.

J Under 40 CFR 311 a facility owner or operator is required to submit a copy
of the Material Safety Data Sheet to the state emergency response
commission, the local emergency planning committee, and the local fire
department for each hazardous chemical present at a facility, at or above
the specified threshold. With the exception of changed circumstances or
revised thresholds, this is a one-time reporting requirement.

. Under 40 CFR 312, coinciding with 40 CFR 311, an annual inventory is
required of hazardous chemicals present at a site in amounts equal to or
greater than the specified threshold at one time during the preceding
calendar year.
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o Under 40 CFR 313 owners and operators of certain facilities are required
to complete a toxic chemical reporting form for each listed chemical that
was manufactured, processed, or otherwise utilized in quantities above a
specified threshold during the preceding calendar year.

54 Occupational Safety and Health Administration

OSHA regulates the protection of worker safety and health on the job. The functions of OSHA
are to develop and promulgate regulations and enforce the OSHA Act of 1970. OSHA is
codified as published blanket standards for national enforcement in all public safety and health
areas and can be found in 29 CFR Parts 1910 and 1518. Buildings, mechanical guarding in
machine design, electrical equipment, occupational-disease prevention, and noise exposure are
just a few of the safety issues covered under OSHA. General requirements for work with
hazardous waste, including provisions for site characterization and analysis; site control; training;
medical surveillance; engineering, administrative, and personal protective equipment controls; site
monitoring; information programs; drum and container handling; decontamination; and emergency
response are established in 29 CFR 1910.120. The requirements of OSHA are applicable to
decommissioning projects.

55 U.S. Department of Transportation

Transportation of hazardous and radioactive materials is governed by DOT. The DOT regulations
located in 49 CFR Parts 170-178 establish criteria for the safe transport of hazardous and
radioactive material on public highways. Guidance on the packaging and transportation of
radioactive materials is provided in 10 CFR 71. Other transportation requirements are as follows:

Part 172 Hazardous Materials Tables and Hazardous Materials Communication Regulations
(includes marking, labeling, placarding, monitoring, and shipping papers),

Part 173 Shippers—General Requirements for Shipments and Packagings (includes packaging),
Part 174 Carriage by Rail,

Part 175 Carriage by Aircraft,

Part 176 Carriage by Vessel,

Part 177 Carriage by Public Highway, and

Part 178 Shipping Container Specifications.

Chapter 14 of this handbook provides more details on these requirements.
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5.6 Council on Environmental Quality

The CEQ establishes requirements for implementing the provisions of NEPA in 40 CFR
1500-1508. NEPA requires federal agencies to assess the environmental impact of major
programs and actions early in the planning process. For those projects or actions expected to
have a significant effect on the quality of the human environment or to be controversial on
environmental grounds, the proponent agency is required to file a formal environmental impact
statement. NEPA has done the following:

. provided a systematic way to deal with environmental concerns by
including environmental costs in the decision-making process,

J opened governmental activities and projects to public scrutiny and public
participation, and

. caused many projects to be modified or abandoned to balance
environmental costs with other benefits.

For DOE facilities, 10 CFR 1021 establishes procedures for implementing the provisions of
NEPA pursuant to the CEQ regulations.

5.7 International Atomic Energy Agency

IAEA is a specialized agency within the United Nations system. The overall objective of the
IAEA’s decommissioning program is to assist member states in (1) decommissioning their
nuclear facilities in a safe, timely, and cost-effective manner and (2) keeping total radiation doses
below permissible levels and ALARA now and in the future. In fulfilling these objectives, IAEA
maintains involvement with international bodies and other United Nations organizations.
Although IAEA is not a regulatory organization, many of its safety standards and codes of
practice are widely used for regulatory purposes. These documents also form the basis for
standards and regulations in many countries. Table 5.1 lists IAEA documents published to-date
on decommissioning and decontamination of nuclear facilities.

Table 5.1. JAEA Documents on Decommissioning and
Decontamination of Nuclear Facilities

Document Title Document Number

Safety Series
Factors Relevant to the Decommissioning of Land-Based Nuclear Reactor Safety Series No. 52 (1980)

Plants
Safety in Decommissioning of Research Reactors Safety Series No. 74 (1986)

Safe Management of Wastes from the Mining and Milling of Uranium and Safety Series No. 85 (1987)
Thorium Ores: Code of Practice and Guide to the Code,

Regulatory Process for the Decommissioning of Nuclear Facilities Safety Series No. 105 (1990)
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Table 5.1. IAEA Documents on Decommissioning and
Decontamination of Nuclear Facilities (continued)

Document Title

Document Number

Technical Reports Series
Decommissioning of Nuclear Facilities: Decontamination, Disassembly
and Waste Management

Decontamination of Nuclear Facilities to Permit Operation, Inspection,
Maintenance, Modification or Plant Decommissioning

Methodology and Technology of Decommissioning Nuclear Facilities

Methods for Reducing Occupational Exposure During the
Decommissioning of Nuclear Facilities

Decontamination and Demolition of Concrete and Metal Structures
During the Decommissioning of Nuclear Facilities

Factors Relevant to the Recycle and Reuse of Components Arising from
the Decommissioning of Nuclear Facilities

Cleanup of Large Areas Contaminated as a Result of a Nuclear Accident

Planning for Cleanup of Large Areas Contaminated as a Result of a
Nuclear Accident

Disposal of Material from the Cleanup of Large Areas Contaminated as a
Result of a Nuclear Accident

Application of Remotely Operated Handling Equipment in the
Decommissioning of Nuclear Facilities

Monitoring Programmes for Unrestricted Release Related to
Decommissioning of Nuclear Facilities

Current Practices for the Management and Confinement of Uranium Mill
Tailings (Supersedes Technical Report Series No. 209)

Measurement and Calculation of Radon Releases from Uranium Mill
Tailings

Planning and Management for the Decommissioning of Research
Reactors and Other Small Nuclear Facilities

Factors Relevant to the Decommissioning of Uranium Mining and Milling
Facilities and Tailing Piles

The uli)ecommissioning Alternatives for a Nuclear Reactor After a Severe
Accident

Cleanup and Decommissioning of a Nuclear Reactor After a Severe
Accident

Technical Documents

Management of Wastes from the Refining and Conversion of Uranium
Ore Concentrate to Uranium Hexafluoride

Decontamination of Operational Nuclear Power Plants

Decontamination and Decommissioning of Nuclear Facilities: Final
Report of Three Research Meetings (1984-87)

Decontamination of Transport Casks and of Spent Fuel Storage Facilities
Factors Relevant to the Sealing of Nuclear Facilities
Consideration in the Safety Assessmens of Sealed Nuclear Facilities

National Policies and Regulations for Decommissioning Nuclear
Facilities

Technical Reports Series No. 230
(1983)

Technical Reports Series No. 249
(1985)

Technical Reports Series No.
(1986)

Technical Reports Series No.
(1987)

Technical Reports Series No.
(1987

Technical Reports Series No. 293
(1988)

Technical Reports Series No.
(1989)

Technical Reports Series No.
(1991)

'(I'echnic:ld l;eportngeﬁes
approved for publication,
August 1990)

Technical Reports Series No.
(1990)

Technical Reports Series No.
(1991)

Technical Reports Series No.
(1992)

Technical Reports Series No.
(1992)

Technical Reports Series No.
(1993)

Technical Reports Series
(Draft—to be completed in 1992)
Technical Reports Series
(draft—to be completed in 1992)
Technical Reports Series No. 346
(1992)

267
278
286

300
327

348
334
335
333
351

IAEA TECDOC-241 (1981)

IAEA TECDOC-248 (1981)
IAEA TECDOC-511 (1989)

IAEA TECDOC-556 (1990)
IAEA TECDOC-603 (1991)
IAEA TECDOC-606 (1991)
(Draft—to be completed in 1992)
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58 Conclusion

The complex interaction between the various regulatory agencies that govern decommissioning
activities necessitates an understanding of the enabling legislation and the rules enforced by these
agencies and requires careful project planning to adhere to the guidance they provide. This
chapter briefly discusses the regulatory agencies that develop guidance for hazardous and
radioactive components and presents a discussion of these requirements and guidance. Beginning
with the planning process of a decommissioning project, one should establish and maintain a
relationship with the appropriate regulatory agencies to ensure that all regulatory requirements
are known or negotiated and therefore compliance can be met.
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INITIAL SITE CONFIGURATION

6.0 FINAL PROJECT CONFIGURATION BASED PLANNING

Determining the desired end product and the final site configuration is essential to project
planning for site decommissioning. The elements of final site configuration are site boundaries
and characteristics (e.g., structures, landscape). Depending on regulatory approval, the site could
be released for unrestricted use, released with restrictions, or maintained as a controlled site with
reduced S&M requirements. This chapter discusses and emphasizes the importance of knowing
the final goal in order to plan the decommissioning project. Factors that should have been
considered during the development of the final goal are discussed in Chapter 3.

6.1 Initial Site Configuration

Before establishing the final site configuration, the initial configuration must be described (i.e.,
the facilities/conditions present at the start of decommissioning). This process is supported by
the preliminary site characterization and allows for the direct comparison of the initial and final
configuration.

6.1.1 Initial Project Boundary

The first step in defining initial site configuration is to identify site boundaries. Site boundaries
comprise area and soil depth. Areal boundaries should include areas where radioactive materials
are controlled, or the boundaries may already exist as the owner’s property line. Soil depth
boundaries are determined by a preliminary site characterization and by planned use (typically,
a site to be released for unrestricted use has no depth boundary). Although radioactive material
concentrations usually decrease with depth, radionuclides or chemicals may be transported via
groundwater to greater depths or outside areal boundaries. If this is the case, as determined
during preliminary site characterization, areal boundaries may need to be expanded. For projects
conducted under CERCLA, the boundary is established as a part of this regulatory process.

In cases where the facility’s being decommissioned is only part of a larger complex that remains
in operation, defining the site boundary may be quite different. Here, the site may include only
the structures themselves. Some soil may also be considered, allowing that soil, piping, and any
underground tanks outside that boundary be addressed in subsequent complex-wide
decommissioning activities. Generally, it is not desirable to clean up such an area to unrestricted
release limits unless provisions can be made to avoid its recontamination.

6.1.2 Initial Project Contents

The second step in defining the initial site configuration is to describe the facilities within the
boundary. These facilities fall into three categories. First, all liquids, bulk chemicals, and
contaminated soil—which often contain the highest concentrations of contaminants, are the most
difficult to treat, and are the most readily dispersible—should be identified. Liquids and sludges
in tank storage are important inclusions in this category, as are ion exchange resins, insulating
fluids in electrical equipment (i.e., transformers), and hydraulic system fluids. The second
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category of facilities includes equipment that is highly contaminated or that will require unique
removal or treatment. Finally, there are other pieces of equipment and the buildings themselves.
For each category, the description should identify all materials that make up the facility. These
materials will require individual treatment or consideration during removal, so as many categories
and subcategories should be used as necessary for clarity. For example, subcategories of pipes
might include utility pipes, cooling system pipes, process piping, and sprinkler system piping;
and subcategories of siding might include transite, steel, fiberglass, and interspersed insulation.

6.2 Final Site Configuration

The final site configuration describes the nature and arrangement of all materials remaining
within the site boundary after decommissioning. In its ultimate form, a decommissioned site
consists only of soil at grade, but plans may call for other materials to remain, such as foundation
concrete, cleared underground piping, or buildings.

6.2.1 Final Site Boundary

The final and initial site boundaries are identical. If part of the site is to be released for
unrestricted use, one can consider each part separately.

6.2.2 Final Project Contents

The final project contents include any buildings, facilities, equipment, or materials that are
scheduled to remain after the completion of decommissioning. The final project contents also
include the soil within the site boundary.

6.2.3 Project Site Release Criteria

The project site release criteria are determined by or through negotiations with the regulatory
agency having jurisdiction. The criteria define (directly or indirectly) the amount of residual
radioactive, toxic, or hazardous materials that are allowed to remain on the final project site.

4
i

The criteria will vary depending on the nature of the release (e.g., for restricted or unrestricted
use), the nature of the matrix (e.g., surface cuntaminated or bulk contaminated), and the nature
of the contaminants (e.g., asbestos, cobalt-60, mercuric chloride, or plutonium-239). Some
criteria have been established for release for unrestricted use, and examples are given in
Table 6.1. For other contaminants, the criteria will have to be developed to the satisfaction of
the regulators, usually by using pathway analyses. NUREG/CR 5512 (NRC 1990) gives a
pathway methodology for developing radiological release criteria for structures, and RESRAD
(NRC), developed for DOE, is a computer program for calculating allowable residual radioactive
materials in soil based on pathway analysis. In addition, the American Society for Testing and
Materials (ASTM) 1988 standard E 1278-88 provides more general guidance for doing pathway
analyses for the release of sites. Release criteria for restricted releases need to be negotiated.
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The project goals, which are derived from the release criteria, in tumn .allow for planning the

characterization program and subsequent activities.

Table 6.1
Established Criteria for Release for Unrestricted Use
Contaminant Matrix Release Criteria References
Radium-226° Surface soil 5 pCi/g 40 CFR 192.12
Radium-226" Deeper soil 15 pCi/g 40 CFR 192.12
Strontium-90° Surface, average™ 10,000 dpm/100cm? | (1), (2)
Strontium-90° Surface, smearable 200 dpm/100cm? 1), 2)
Cobalt-60" Surface, average™ 5,000 dpm/100cm? 1), (2)
Cobalt-60° Surface, smearable 1,000 dpm/100cm? 1), @)
Plutonium-239° Surface, average™ 100 dpm/100cm? )
Plutonium-239° Surface, smearable 20 dpm/100cm? )
Uranium-235, 238 Surface, average™ 5,000 dpm/100cm?® | (1), (2)
Uranium-235, 238 Surface, smearable 1,000 dpm/100cm? (1), 2)
Strantium-90 Drinking water 8 pCifl 40 CFR 141.16
Tritium Drinking water 20,000 pCifl 40 CFR 141.16
Mercyry Drinking water 0.002 mg/1 40 CFR 141.11

e

Values also apply to other radionuclides.

Total residual surface contamination averaged over no more than 1m.

¢)) DOE Order 5400.5, "Radiation Protection of the Public and the Environment."
)] U.S. NRC Regulatory Guide 1.86, "Termination of Operating Licenses for Nuclear
Reactors."

6.3 Identification of Material for Disposition

The difference between the initial and final site configurations, shown pictorially in Figure 6.1,
defines the material that needs to be disposed of during the decommissioning project. In general,
the available options are either disposal as waste, disposition as clean material, or disposition on
site compliant with the site release criteria.
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6.3.1 Material to Be Disposed of Off-Site

The material that is to be dispositioned off-site includes material removed from the site during
decommissioning and material imported to support decommissioning that is not to remain. One
way to plan for this disposition is to create a materials disposition matrix that lists all existing
materials not to remain, as well as their desired disposition. Figure 6.2 shows such a matrix
format. Only a selection of general categories is shown. Other categories of materials or
dispositions can be added to accommodate the needs of a specific decommissioning project. The
matrix as shown may be adequate for simple decommissioning projects. However, it is advisable
to use smaller, more specific categories for a large project. Steel, for example, may be broken
down into structural steel, utility piping, process piping, reactor pressure vessel steel, steel siding,
and steel from several different kinds of tanks. The decision to divide a category into
subcategories should be determined by the need to dispose of, treat, or remove types of the
material in the category in a significantly different manner from others in that category.

6.3.1.1 Material Imported During Decommissioning

Materials to be disposed of during decommissioning also include materials that the
decommissioning contractor brings on-site to do the work and any secondary waste that will be
generated. Secondary wastes include the byproducts of any processes the contractor plans to use
for decontamination or waste treatment. Another section of the materials disposition matrix is
provided for the decommissioning planner to identify such materials. In Figure 6.2, the sample
categories are general examples of the types of materials the contractor might consider.

6.3.1.2  Utility Material

Material supplied as a utility (most often water) and used during decommissioning must al. be
disposed of. A category for utility material is included on the materials disposition matrix.

6.3.2 Material to Be Disposed of On-Site

The material to be disposed of on-site is defined by the final project contents.

64 Material-Driven Planning

The decommissioning planner needs to address the handling and disposition of each category of
material identified on the material disposition matrix or listed among the final project contents.
This involves identifying for each material the potential disposition end points, the proposed
recipient, and the recipient’s acceptance criteria. Knowledge of the acceptance criteria enables
the planner to identify the appropriate characterization requirements, specific materials
decontamination methods, and overall decommissioning methods.
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°. Material/waste characterization

- steel, concrete, PPE, and soil (to meet LLW waste acceptance
criteria and transportation requirements);

- soil (to meet criteria for limited backfill material so that it can
remain in place);

- subcontractor tools and equipment (to meet criteria for release
for unrestricted use);

- shield plugs (to meet waste acceptance criteria for reuse or
mixed-waste storage and transportation requirements); and

- water [to meet acceptance criteria of the liquid low-level
radioactive waste (LLLW) treatment facility].

The storage garden materials were actually disposed of as LLW (steel and some of the concrete),
used as backfill (all of the soil), treated as LLLW (all of the water), and disposed of in a sanitary
landfill (some of the concrete). The lead plugs were stored as mixed waste pending possible
future decontamination. :

The decommissioning of this small facility illustrates the value of project planning, including
initial and final site configurations and materials disposition matrix-based planning.

6.5.2 The Princeton-Pennsylvania Accelerator Decommissioning Project

The Princeton-Pennsylvania Accelerator (PPA) was a 3-GeV proton synchrotron that was
operated for 10 yr until 1972. At the start of the project the accelerator and associated equipment
had already been removed, leaving a sizable structure of activated concrete, structural steel, and
rebar as remaining sources of contamination. The accelerator building was a circular structure
shielded by thick, high-density concrete walls and 22 ft of earth fill above the roof. This
building surrounded a 100-ft-diameter inner ring where the activated material resided.

The site boundary was defined as the outside surface of the accelerator building, and the final
site configuration was defined as the remaining occupiable portions of the building, monolithic
concrete remaining, and soil fill to grade (Bair and Snedaker 1990).

Figure 6.4 shows a hypothetical materials disposition matrix for this project. The possible
dispositions of the existing materials (concrete, soil, steel, and rebar) included reuse, disposal in
a sanitary landfill, and disposal as LLW. The subcontractors’ equipment and trailers were
expected to be surveyed and released for unrestricted use, and the utility water needed for the
anticipated operations (diamond wire cutting) was expected to be tested and discharged.

Based on the possible disposition of materials anticipated, the characterization for this project
included the following items.
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° Initial site characterization

- identify the extent of contaminated concrete and rebar,
- identify contaminated soil, and
- identify worker protection requirements.

. Material/waste characterization

- steel and concrete (to meet LLW waste acceptance criteria and
transportation requirements),

- soil (to meet criteria for release for unrestricted use or
acceptance criteria for LLW disposal),

- subcontractor tools and equipment (to meet criteria for release
for unrestricted use), and

- water (to meet criteria for discharge to a sanitary sewer).

Actually, concrete and some steel were reused for roadbeds, some steel was disposed of in a
sanitary landfill, and some steel and concrete were disposed of as LLW. The water was tested
and discharged, and the contractor’s equipment and trailers were surveyed and released. No soil
had to be disposed of off-site.

6.5.3 The Shippingport Station Decommissioning Project

The Shippingport Station Decommissioning Project was a large decommissioning project
encompassing a 7-acre site that contained a 150-MW nuclear power plant, from which the fuel
had been removed. Everything else remained, however, including primary and secondary water
systems, cooling water systems, a reactor pressure vessel, a radioactive waste processing building
and yard, waste sludges and resins, and electrical controls and instrumentation. Also remaining
were water in the fuel handling canal, asbestos on most piping, and chemicals in the "hot" and
"cold" chemistry laboratories. The major radionuclides of interest were Co-60, Cs-137, Sb-125,
and Eu-152. The main interconnected building complex included the Fuel Handling Building,
the Turbine Building, the Administration Building, and the Test and Training Building. Of this
main complex, only the Fuel Handling Building was to be included in the decommissioning.
Five small, separate buildings; six underground vaults; pipe trenches; and numerous aboveground
tanks were also included.

The areal boundary for this project was the perimeter of the site less the remaining buildings (the
Turbine Building, Administration Building, and Test and Training Building). There was no
defined soil depth limit because the site was expected to meet the criteria for release for
unrestricted use regardless of depth. If contamination in excess of the release criteria was found.
outside of the site boundary, that area would also have been included in the project.
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6.4.1 Identification of Material Disposition

The materials disposition matrix should identify one or more methods for disposing of each
category of material. Initially, this identification can be general, such as disposal as LLW,
disposal in a sanitary landfill, or on-site release. More than one disposal option can be identified
for each listed material. For example, the structural steel category might be divided into thick
sections slated for unrestricted release, complex sections to be smelted and reused conditionally,
and parts integral to other materials to be disposed of as LLW.

6.4.2 Identification of Material Recipient

For each disposition method selected, decommissioning planners must be able to identify a
recipient. The recipient may be a contractor able to perform a decontamination or waste
treatment activity or a disposal site able to accept that waste. For material to be dispositioned
on-site, the site itself is the recipient. In a case where several contractors are licensed to perform
one type of activity, cost, capability, eontractor’s restrictions, and transportation can be identified
for comparison. When no contractor can be found to perform the work, another disposition has
to be identified for that material.

6.4.3 Identification of Acceptance Criteria

The next step is to identify each recipient’s criteria for accepting material and any required
packaging for transportation. Disposal sites may have limits on the types and quantities of
materials they receive and may specify the QA requirements to establish the validity of material
characterization. Licensees also have limits on the types and quantities of radionuclides that they
may possess at one time. The material that is to remain on-site is acceptable if it is compliant
with the site release criteria.

6.4.4 Characterization to Meet the Acceptance Criteria

The final step in material-driven planning is to identify the characterization techniques needed
to meet the acceptance criteria. Chapter 7 provides guidance on such techniques.

6.5 Case Studies

The following sections apply the materials disposition matrix to three decommissioning projects.
Such a matrix was not used for these projects, but the descriptions and accompanying diagrams
illustrate how it could have been used.

6.5.1 The 3033 Storage Garden Decommissioning Project

The 3033 Storage Garden was a series of seven storage wells, each approximately 12 in. in
diameter and 5 ft deep, which were used to store miscellaneous radioactive sources, including
Cs-137 and Sr-90, at the Oak Ridge National Laboratory (ORNL). The wells were constructed
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of stainless steel pipes with welded steel bottom plates. They were placéd in the ground, and a
12-in.-thick concrete slab was poured around them. The overall dimensions of the "garden" were
12 x 3 x 5 ft deep. Steel-clad lead plugs had been used to reduce the dose rate during storage.

The site boundary was defined as the rectangular prism 3 x 12 x 8 ft deep (3 ft lower than the
bottom of the storage wells). The final configuration was defined as soil filled to grade.
Because the garden was located within a larger controlled area, the mini-site was not released
for unrestricted use ( MMES 1989; MMES 1984).

Figure 6.3 shows a hypothetical materials disposition matrix for this project. The existing
materials not to remain include the steel (storage racks and pipes), approximately 8 gal of water
contained in the pipes, the concrete, the shielding plugs, and any soil reading more than
5 mrad/hr beta/gamma.

The material disposal planned for the storage garden was as follows:

. steel pipes—disposal as LLW,

. steel racks—disposal as LLW,

. concrete—disposal in a sanitary landfill or as LLW,

. soil—use as backfill or disposal as LLW,

. lead plugs—reuse or storage as mixed waste for possible future

decontamination, and
. water—treatment as liquid radioactive waste.

Figure 6.3 also shows that subcontractor materials used on the project had to be disposed of.
Personal protective equipment (PPE) was disposed of as LLW, and contractor tools and
equipment were surveyed and released for unrestricted use.

Determining the intended disposition of each material serves as the basis for characterization;
therefore, characterization for this project, if based on the matrix, would only need to include the
following items. '

° Initial site characterization

- identify contaminated concrete,

- identify contaminated soil,

- determine if decontamination of lead is required, and
- identify worker protection requirements.
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The final site configuration was defined to be the remaining monolithic éoncrete (more than 3 ft.
below grade and that used as retaining walls), concrete and masonry rubble more than 10 ft
below grade, soil fill to grade, and a 6-in. soil cap for drainage purposes (Crimi 1985).

Figure 6.5 shows a hypothetical materials disposition matrix for this project. The possible
dispositions of the existing materials were largely dependent on whether or not they were
contaminated and, if contaminated, whether or not decontaminating them would be economical.
For example, some steel may be able to be released for unrestricted use directly, other steel
would require decontamination, and yet other could be activated (and not able to be cleaned) or
too difficult to clean and survey. Because the final configuration included space for all the
concrete as fill, no clean material was to be removed from the site. Contaminated concrete
would be decontaminated or removed and disposed of as LLW. The disposal of resins and
sludges that were known to be radiologically contaminated was dependent on whether or not they
qualified as hazardous wastes. Tools and equipment could be sent to another licensee or another
DOE facility if they could not be released, rather than being disposed of as LLW. This would
allow for the reuse of equipment not easily decontaminated.

Based on the possible disposition of materials anticipated, characterization would include the
following items.

° Initial site characterization

- identify the extent of contaminated material in each category,

- determine if decontamination is feasible for each category,

- determine if bulk contaminated materials are also hazardous,
and

- identify worker protection requirements.

J Characterization for material disposition

- each category of materials to meet LLW waste acceptance
criteria and transportation requirements;

- each category of materials to meet criteria for release for
unrestricted use;

- subcontractor tools and equipment to meet criteria for release
for unrestricted use;

- water to meet criteria for discharge to the Ohio River
according to the NPDES permit;

- chemically contaminated water to meet acceptance criteria for
off-site treatment and transportation requirements;

- materials to be transferred to a licensee or DOE to meet license
requirements and transportation requirements; and

- soil, concrete rubble, and monolithic concrete to meet release
criteria allowing the material to remain on-site.

DECOMMISSIONING HANDBOOK
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Figure 6.5 shows how materials included in the Shippingport Station Decommissioning Project
were actually disposed of. At Shippingport not all these determinations were made before the
beginning of the project. This poses a risk of doing too much or too little, or of having material
that cannot be disposed of. However, definition of the final site configuration, use of the
materials disposition matrix, and characterization data can minimize such risk.

6.6 Conclusion

The planning process outlined in this chapter is one systematic way of approaching a
decommissioning project. Careful planning such as this—including initial and final site
configuration definition and materials disposition matrix development—reduces cost, accelerates
schedule and ensures the timely disposal of all materials with minimal and manageable,
exceptions.
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INTRODUCTION

7.0 CHARACTERIZATION

This chapter discusses the purpose of characterization, as well as a method for developing a
supporting sampling and analysis plan. In addition, characterization techniques that are adaptable
for use on a decommissioning site are presented. Characterization will likely be needed
throughout the decommissioning project.

7.1 Introduction

Characterization is the measurement or sampling and analysis required to gather needed
information, usually about the type and/or quantity of contaminants present in or on a material.
Characterization may serve many purposes throughout the decommissioning process. These have
been divided into four categories: safety characterization, initial site characterization, in-process
characterization, and characterization for material disposition.

Safety characterization involves gathering information about the safety of an area before anyone
is permitted to enter, most often before entering older buildings that have been closed for
substantial periods of time. For buildings currently in use, however, safety considerations should
be addressed on a daily basis, and requirements for entry are well known and practiced.
{

Initial site characterization includes that characterization done for planning purposes. The
precision needed for the characterization varies with the planning needs. This category can be
further divided into screening, preliminary, and detailed characterization.

The purpose of screening characterization is to gather enough information on the physical,
radiological, and chemical condition of the facility to assess the status of the facility and the
nature and extent of any problem areas. Data collected in this type of characterization are
generally based on available information, including historical operational documentation, and are
used for planning the overall program and for prioritizing and sequencing decommissioning
activities.

Preliminary characterization is done to establish a baseline of information concerning the
physical, chemical, and radiological condition of the facility. This can include taking samples
or conducting inspections designed to fili .ie gaps in the information from the screening
characterization. It may be done to develop preliminary details and estimates, including cost and
risk estimates and estimates for waste generation. Information gathered in these preliminary
phases often serves as the technical basis for work and project decisions and is valuable in
selecting a preferred alternative. The purpose of detailed characterization is to supplement the
previous information as needed to support the decommissioning project engineering.

In-process characterization is done to evaluate the efficacy of ongoing decommissioning activities,
for example, to see if decontamination or waste treatment processes are giving the desired results.
The purpose of characterization for material disposition is to show that some part or all of the
decommissioning project is complete. This includes the demonstration that materials leaving the
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site have been properly treated and, finally, verifying that the site niay be released for the
intended use.

The following list gives examples of the kinds of questions that may need to be answered during
each of the four types of characterization.

. Safety characterization

- Is it safe to enter the building?

Is the building structurally sound?

Are the floors sufficiently strong?

Are the ceilings stable?

Are there any unprotected precipices?

Are there any unstable stored materials (tanks, piles)?

OO OO

- Are radiation dose rates significant?
0 Is monitoring required?
0 Is occupancy time limited?
0 Are there areas that must not be entered?

- Is significant radiological contamination present?
0 Is anticontamination clothing (skin protection) required?
0 Is respiratory protective equipment required?

- Are chemical hazards, including asbestos, present?
0 Is skin protection required?
0 Is respiratory protection required?

- Are biological hazards present?
0 Is skin protection required?
0 Is respiratory protection required?

. Initial site characterization (for any material):
- What contaminants are present?
0 Which, if any, radiological materials?
0 Which, if any, hazardous (RCRA) materials?
0 Which, if any, toxic materials (e.g., asbestos, PCBs)?
0 How much of these materials is present?
- What is the extent of the contamination?

- What is the concentration of each contaminant?

7-2
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- Will the contamination affect demolition?
0 Will it affect worker health and safety?
0 Will it cause contamination in other parts of the facility?

- Will the contamination affect disposal?

0 Does it meet the waste acceptance criteria for its intended
destination?
0 Does it meet requirements for transportation?

- Is decontamination required?
0 Which decontamination techniques are applicable?
0 What decontamination wastes will be generated?
0 What treatment of decontamination wastes will be required?
0 Does the waste meet requirements for transportation if off-site
decontamination is planned?

- Is treatment of the material required?
0 Which treatment is appropriate?
0 Are materials present that would interfere with
possible treatments?
0 Does the material meet requirements for transportation if off-site
treatment is planned?
0 What type of packaging does the material require?

. In-process characterization (for any process):
- Is it operating within specifications?
0 Does the product meet specifications?

0 Do effluents comply with requirements?
0 What treatment is required for the wastes?

. Characterization for material disposition:
- For material to be released: Are release criteria met?
- For any waste to be disposed of:
0 Are waste acceptance criteria met?
0 Are requirements for transportation met?
- For residual site material: Are release criteria met?
Since characterization requires time and money, it should be performed toward specific objectives

and be limited to the minimum required to answer applicable questions. An effective technique
to limit characterization is to use historical or process knowledge. Secondly, one can use.

)
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'

statistical techniques, which allow for inferences to be made about an entire area from the results
of a limited number of samples. In all cases, it is most efficient to restrict data gathering to the
minimum commensurate with the need. For example, one can choose a less powerful statistical
test or single measurements for some initial characterization when that information is adequate
for the purpose. On the other hand, a greater statistical significance will likely be needed for
characterization done to evaluate release conditions because the validity of the data is subject to
challenge by intervenors.

7.2 Elements of Characterization

The following are elements of a comprehensive characterization program:

1. Review historical information.

2. Define characterization objectives.

3. Prepare a sampling and ar;alysis plan.
4. Conduct sampling and measurement.
5. Review, analyze, and verify data.

The following sections address each of these elements individually.
7.2.1 Review of Historical Information

Reviewing information about the history of a facility or site gives the decommissioning planner
valuable background about the structure and possible contamination present. This information
is pertinent for safety characterization to identify potential structural instability as
decommissioning progresses (Chapter 12), and it can also streamline the characterization of
radiological, chemical, and biological contamination. Historical information may consist of
records or recollection of process knowledge, process upsets or unusual events, and/or previous
surveys and measurements.

Process knowledge includes a description of the process or chemicals used in all or part of the,
facility. This knowledge can narrow the list of potential contaminants. For example, a facility
that was used for fuel reprocessing would be expected to have the whole spectrum of fission
products, uranium, TRU elements, tributyl phosphate, dodecane, and nitric acid. In contrast, a
facility used to manufacture radium needles would only be expected to have radium and radium
daughters, with no more than household amounts of hazardous chemicals. Although a process
history review is most applicable to initial site characterization, it is of comparable importance
in characterizing material for disposal. By identifying the list of possible contaminants.from a
review of process history, one can optimize the characterization effort and avoid spending time
and money trying to measure something known not to be present.
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Information about process upsets or unusual events that might have spread contamination to
unsuspected areas is also important. In one case, a spill of dry, radiologically contaminated ion
exchange resin during operations partially filled the crevices around a shielding block. The top
of the crevice was taped and painted, effectively hiding the contamination, until the block was
pulled free with a crane during decommissioning. The spread of contamination and internal
exposure of a worker could have been avoided if that event had been documented in the facility’s
operational history. Similarly, the effective and commonplace technique of painting contaminated
areas to fix the contamination for operations purposes can be detrimental to decommissioning if
the practices are not recorded or the records not researched. Unknown painted contamination
usually causes costs and delays associated with unexpected/unplanned work. Another example
is that knowledge of fires in an area should lead one to expect contamination on most overhead
structures. NRC now requires that information about unusual events be saved so that it is
accessible at the time of decommissioning (10 CFR). However, that was not the case in the
above example, so particular attention should be paid to the possibility that unusual events
occurred.

A third type of historical information is the result of previous surveys and measurements. For
example, analytical results from fuel pools can indicate the kinds of contaminants present (and,
as significantly, those absent). Similarly, measurements of radiological contaminants collected
in an ion exchanger can give good indications of the amounts of less abundant contaminants and
allow one to estimate the relationship between common and rare radionuclides present. Routine
radiological surveys and surveys conducted to support special work are both useful. Information
they provide may be sufficient to actually replace characterization or, at the very least, may allow
for the planning of a more efficient characterization plan by indicating areas that should be
considered separate populations or by estimating the variability that has to be considered in the
plan.

Although historical information is a valuable asset in preparing a characterization program, it
should be viewed with some skepticism and an intuitive sense of doubt. At least some of the
characterization effort should be designed to test the validity and completeness of the historical
data.

722"  Definition of Characterization Objectives

It is important to identify specific characterization objectives (i.e., questions to be answered)
before planning to collect and analyze samples or make measurements in the field. When this
is done the characterization effort can be focused on answering those questions alone and so
avoid the creation of unnecessarily elaborate (and expensive) characterization schemes. On the
other hand, there are some questions that are significant enough to warrant extensive
characterization programs. For example, if the question is "Does the surface of that wall need
to be decontaminated?" a few measurements might suffice, especially if the wall is small and
there is little consequence of being wrong. In contrast, the selection of a treatment technique and
the subsequent advance procurement of expensive equipment may rest on the results of part of
a characterization program. In this case, enough sampling has to be done to minimize the
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uncertainty in equipment selection. Often, sufficient quantities of material may have to be
obtained to support a pilot demonstration of the proposed technology. Of comparable
importance, in cases of characterizing material or waste leaving the facility or residual material
left behind, the results may have legal significance. In these instances, the requirement to meet
a specific level of confidence may be spelled out and a pedigree required for sample collection
and analysis.

Since, fundamentally, the objective of characterization is to determine whether the surface, item,
etc., is contaminated, one needs to know what material, what contaminant, and what constitutes
“contamination." Examples of questions used to define characterization objectives are as follows:

° Does the wall in Room X need to be decontaminated?

Is there uranium contamination under the paint?
. Is the sludge in Tank X a-mixed waste?

J Is enough Sr-90 present on the floor to require the more stringent beta
contamination limits?

° Does the fissile material in the drums comply with DOT rules?

Measurements will have to be taken for comparison with the decision point to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>