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ABSTRACT

The U.S. Nuclear Regulatory Commission’s Office of Nuclear Materials Safety and Safeguards
(NMSS) is moving towards increasing the use of risk insights and information (i.e., risk informing)
in the nuclear materials and waste arenas, where appropriate.  As part of this effort, case studies
were conducted by the NMSS Risk Task Group between September 2000 and December 2001.
The purpose of the case studies was (1) to illustrate what has been done and what could be done
in the materials and waste arenas to alter the regulatory approach in a risk-informed manner and
(2) to establish a framework for using a risk-informed approach in the materials and waste arenas
by testing a set of draft screening criteria and determining the feasibility of safety goals.  In addition
to the case studies, the Risk Task Group has also engaged in other activities to advance the use
of risk information in NMSS.  This included assisting the NMSS Divisions and Regions in various
risk-related initiatives and developing training on risk assessment methods and risk
communications.

The objective of this report is to integrate the results of the eight case studies.  The insights
gleaned from the other risk-related activities in the materials and waste arenas have also been
factored into the case study integration.  This report finalizes a set of screening considerations and
begins the process of developing safety goals.  The results of the eight case studies, along with
the other risk-informing activities and studies, demonstrate how risk information can be valuable
and beneficial to the regulatory process and informs the need for methods, data, and guidance in
this area.  Although more work needs to be done, there are no fundamental impediments to the
expansion and broader application of risk information across the spectrum of NMSS-regulated
activities.  This report provides a basis for beginning to identify materials and waste areas that are
amenable to risk-informed regulation.
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EXECUTIVE SUMMARY

OBJECTIVES

The objective of this report is to integrate the results of eight case studies that were performed by
the Risk Task Group (RTG) of the Office of Nuclear Material Safety and Safeguards (NMSS) of the
U.S. Nuclear Regulatory Commission (NRC).  Insights gathered from the other risk-related
activities in the materials and waste arenas were also factored into this integration.  The purpose
of the case studies was (1) to illustrate what has been done and what could be done in the
materials and waste arenas to alter the regulatory approach in a risk-informed manner, and (2) to
establish a framework for using a risk-informed approach in the materials and waste arenas by
testing a set of draft screening criteria and determining the feasibility of safety goals. The NRC
policy on implementing risk-informed regulation was expressed in the 1995 Policy Statement  on
the use of probabilistic risk assessment (PRA) methods in regulatory activities.  This statement
called for the increase in the use of PRA technology in all regulatory matters consistent with the
state-of-the-art in PRA methods and data in a manner that complements the NRC’s deterministic
approach and supports the NRC’s traditional defense-in-depth philosophy.  The Commission
recognized that a single approach for incorporating risk analyses into the regulatory process would
not be appropriate given the nature and consequences of the use of nuclear materials in reactors,
industrial applications and waste disposal facilities.

Accordingly, a framework for risk-informed regulation to NMSS activities was developed by the staff
in 1999, in SECY-99-100.   In approving the staff’s proposal, the Commission stated that the staff
should develop appropriate material safety goals analogous to the reactor safety goal, to guide the
NRC and to define what safety means for the materials program.  The first part of this framework
defines the areas in which risk assessment methods can play a role in the NRC decision-making
process. This is done by identifying candidate regulatory applications that are amenable to
expanded use of risk assessment and identifying responsible staff organizations.  A set of
screening criteria have been formulated to identify candidate NMSS regulatory application areas
suitable for risk-informing.  These screening criteria were issued in draft form in 2000 and
subsequently tested against selected case studies.

APPROACH

The case studies were performed using a standardized approach, described in the Case Study
Plan.  Each case has been studied by a member of RTG or a contractor with risk expertise.
Advisors include subject matter experts from the NRC staff who have knowledge of the particular
case.  The reviewers also consulted with licensees and other stakeholders having knowledge of
the particular case, through a series of public workshops.  Visits were made, as appropriate, to the
sites of the facilities related to the case studies.  Also, the NRC historian and other individuals
(NRC and non-NRC) were interviewed for perspectives and insights on the materials and waste
regulatory history, safety goal development, radiation protection standards, and public confidence
and communications.

The basis for each case study has been the review of information from NRC and licensee source
documentation, through which the staff answered a standardized list of questions.  After the
investigative phase of the study, the NMSS staff (and its contractor) generated a set of preliminary
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conclusions based on the answers to these questions.  The staff then presented its preliminary
conclusions at public workshops in which all stakeholders were invited to participate.  After
incorporating information and ideas that emerged from these meetings, the NMSS staff produced
reports documenting each case study.

This approach was developed using information received during two public workshops/meetings.
The first public workshop was held in April 2000.  The purpose of that workshop was to solicit public
comment on the draft screening criteria and their application and on development of safety goals
for nuclear materials and waste applications.  The consensus among participants at the workshop
was that case studies of specific areas would be useful to test the screening criteria, to show how
the application of a risk approach has or could affect a regulatory decision or process, and, if
feasible, to develop safety goal parameters and a first draft of safety goals for each area.  The
purpose of the case studies was to illustrate and highlight, if possible, the explicit or implicit risk-
informed nature of previous regulatory approaches or decisions in specific applications, and to
establish a framework for using a risk-informed approach in different materials and waste arenas
by testing the draft screening criteria and determining the feasibility of safety goals.

A second public meeting was held in September 2000 to solicit public comment on a draft Case
Study Plan for carrying out the case studies.  The draft plan contained the case study objectives,
the draft screening criteria, the measures of success used to gauge the case studies, the case
study outline, including the specific areas and applications that would be evaluated in the case
studies, and the structure of each case study.  The final Case Study Plan was issued on October
27, 2000 

Four broad objectives were identified for the case studies:

(1) Test the draft screening criteria and produce a final set of screening criteria.

(2) Gain insights into risk-informing NMSS regulatory processes by illustrating how the
application of risk information has improved or could improve a particular area of the NMSS
regulatory process.

(3) Determine the feasibility of safety goals in a particular area; if feasible, develop safety goal
metrics and a first draft of the goals, otherwise, document the reasons for infeasibility.

(4) Identify the gaps in the tools, methods, data, and guidance that are required to risk-inform
NMSS.

The measure of success would be to evaluate how well the case studies met these objectives.  The
case studies were not intended to reopen or reassess any previous decisions made by the
Commission, but rather to elicit information that may or could impact future decisions by the staff
and the Commission.  Eight case study areas were identified as follows:

• Regulation of Fixed Gauges

• Regulation of Static Eliminators

• Regulation of Gas Chromatographs
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• Site Decommissioning of the Trojan Nuclear Power Plant (TNPP)

• Transportation of the Trojan Reactor Vessel Package (TRVP)

• Uranium Recovery

• Seismic Exemption for Dry Cask Storage of Three Mile Island Unit 2 fuel debris at
the U.S. Department of Energy’s Idaho National Engineering and Environmental
Laboratory

• Paducah Gaseous Diffusion Plant Seismic Upgrade

Each of these cases were selected to test the applicability of the draft screening criteria, and
extract risk insights related to NMSS activities or decisions made by the Commission in each
specific area that could have a bearing on safety goals.  The case studies began in November
2000.  Five case studies, transportation of the TRVP, gas chromatographs, static eliminators, fixed
gauges, and dry cask storage were done by NMSS staff.  Studies of the TNPP site
decommissioning, uranium recovery, and Paducah gaseous diffusion plant seismic upgrade were
done by Brookhaven National Laboratory in collaboration with the RTG staff.

As the case studies progressed, several meetings were held to inform stakeholders about the
status of the individual case studies and solicit input on the preliminary results.  Finally, a public
meeting was held on October 25, 2001 at NRC headquarters.  During this meeting, the RTG staff
reported on the integration of all the case studies, the screening criteria (now renamed screening
considerations), the draft safety goals, and further plans for risk informing.

INFORMATION FROM OTHER RISK-RELATED ACTIVITIES

The use of risk information in the materials and waste arenas is not limited to the regulatory
applications addressed by the case studies.  Risk information has been used in other materials and
waste regulatory areas as well.  Some of these activities were completed and documented before
the case studies began.  Others were ongoing while the case studies were being conducted, and
RTG actively assisted the NMSS Divisions and Regions in several of those ongoing activities.
Concurrent with the case studies, RTG also assisted in developing and providing training on risk
assessment methods and risk communications.  It should be noted that information and insights
from these other (past and ongoing) risk-related activities illuminated the case studies and
influenced the conclusions.

FINDINGS

A well-defined procedure for identifying candidate applications in NMSS for risk-informing has been
successfully tested and has been finalized as a set of screening considerations.  Overall, the case
studies demonstrated that the screening considerations contained all the relevant elements needed
for risk-informing and can be a useful decision-making tool.  However, the application can be
subjective, so guidance is needed.  The experience of carrying out the case studies also indicated
that the draft “screening criteria” should be more properly identified as screening considerations.
They are a set of factors that encompass the relevant questions that are needed for risk-informing,
but they do not have just yes/no answers.
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The case studies have collectively illustrated that risk information has been used for some time in
making regulatory decisions.  The case studies were effective in indicating where decisions or
processes are consistent with the Agency’s strategic goals. Furthermore, they have helped to
highlight some of the areas in which there are shortcomings in the regulations or regulatory
process.

The studies also showed that safety goals are feasible and decision-making and risk management
can be facilitated if a clear set of safety goals existed.  A proposed first draft of safety goals have
been developed which now need to be tested and refined.  Risks to the workers have been found
to be significant in comparison to public risks.  For some facilities, chemical risks have been found
to be comparable to or greater than the radiological risks.

Information, tools, methods, and guidance needs have been identified and the necessary tools can
be assembled to make the risk-informing process more effective in NMSS. There is a fairly
significant application of risk methods and applications in some areas and somewhat less
experience in other areas.  One of the major gaps in the methods is the identification and
development of a robust and simple method for incorporating human factors and estimating human
reliability in the very wide range of situations and activities encountered and performed by NMSS
licensees.

The development of guidance on the level of detail and complexity required in the risk methods for
various activities should be helpful to staff in future plans for risk-informing materials and waste
arenas.  Furthermore, the existing risk training program will be updated periodically to make
available to the staff the latest applications, data and tools to further advance staff’s knowledge and
capability in implementing the risk-informed approach.

The case study program has been responsive to the requirements set forth by the Commission.
The staff has developed a proposed first draft of materials and waste safety goals analogous to
the reactor safety goal, to guide the NRC and to define what safety means for the materials
program. Taken together, the reactor goal and the nuclear materials use and waste goals can
become a comprehensive set of goals for the entire agency.

The conclusions of the case studies with regard to the value of risk information give several
examples of how the information supported the NRC strategic goals on safety issue elucidation,
regulatory efficiency, unnecessary burden reduction, and improved risk communication.

CONCLUSIONS

Risk-informing NMSS activities has been occurring in specific areas and to varying degrees over
a number of years.  Although more work needs to be done, as discussed in the next section, there
are no fundamental impediments to the expansion and broader application of risk information
across the spectrum of NMSS-regulated activities.

Risk information can be valuable as an additional input to decisions that NMSS must make. It can
complement the more familiar information that is derived from consideration of the existing
regulatory framework.  It can help to make that framework more rational.  An integrated and
balanced risk management program would recognize both public and worker risks as well as
radiological and nonradiological risks at the regulated facilities.
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An important adjunct to risk information when used for managing risks, is a set of safety goals that
assist the decision maker in determining whether safety objectives will be achieved.  If safety goals
are to move forward, then risk information can be readily compared with these goals to guide and
inform regulatory issue resolution.

The case studies illustrated that the seven factors that constitute the screening considerations can
be a very useful decision-making tool but their application can be subjective, hence guidance is
needed.  The seven factors are one important tool in the management decision to risk-inform a
specific activity or process. The screening considerations not only lead to a decision whether to
risk-inform or not, they also begin to formulate what the issues involved in the decision are and
what information and methods are needed to address them.  Risk informing in this context implies
a commitment to use a set of formal methods or approaches such as PRA in the regulatory
decision-making process.

FUTURE PLANS

As specific applications for risk-informing nuclear materials use and waste arenas progresses,
further development of the preliminary safety goals will occur. These two activities will be mutually
supportive and synergistic.  Safety goals will help to guide and inform regulatory issue resolution
and exploration of the issues will provide insights to the refinement and further development of the
safety goals.  Particular attention will be given to risks to the workers and the presence of
nonradiological risks.

Data availability suitable for the needs of risk assessment is another area that should be explored
in greater detail.  In some case studies, there is a fair amount of good quality data that can be used
for risk purposes, while in some other cases, comparatively less information is available.

NMSS is following a general, three-phase plan  to implementing the framework described in SECY-
99-100. The first phase focused on developing a systematic approach for identifying candidate
NMSS regulatory applications that may be amenable for increased use of risk information.  A
important part of Phase 1 was the case studies.  The second phase focuses on applying the
systematic approach, developed through the first phase, to identify the candidate NMSS regulatory
applications.  Finally, the third phase focuses on the actual modification of the identified regulatory
applications to make them more risk-informed. 

Phase 1 has been completed.  Phase 2 begins upon finalization of the screening considerations.
Phase 2 will focus on the systematic review of NMSS materials and waste regulatory applications,
to identify those that would be amenable to an increased consideration of risk insight and
information.  The product of the screening activity in Phase 2 is expected to be a set of potential
future risk-informed activities and initiatives for the various NMSS regulatory areas.
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1 INTRODUCTION

The objective of this report is to integrate the results of eight case studies that were performed by
the Risk Task Group (RTG) of the Office of Nuclear Material Safety and Safeguards (NMSS) of the
U.S. Nuclear Regulatory Commission (NRC).  The purpose of the case studies was (1) to illustrate
what has been done and what could be done in the materials and waste arenas to alter the
regulatory approach in a risk-informed manner, and (2) to establish a framework for using a risk-
informed approach in the materials and waste arenas by testing a set of draft screening criteria and
determining the feasibility of safety goals. This report finalizes a set of screening considerations
and begins the process of developing safety goals.  The results of the eight case studies, along
with related studies, show how risk information is valuable and beneficial to the regulatory process
and inform the need for methods, data, and guidance in this area. Finally, this report provides a
basis for beginning to identify materials and waste areas that are amenable to risk-informed
regulation.  

1.1 Background 

The NRC policy on implementing risk-informed regulation was expressed in the 1995 Policy
Statement [1] on the use of probabilistic risk assessment (PRA) methods in regulatory activities.
This statement called for the increase in the use of PRA technology in all regulatory matters
consistent with the state-of-the-art in PRA methods and data in a manner that complements the
NRC’s deterministic approach and supports the NRC’s traditional defense-in-depth philosophy. The
concept of “risk-informed” is the one advanced in the NRC White Paper on the subject [2].   For
the convenience of the reader we excerpt some of the key elements of the NRC definition of "risk-
informed" from Reference [2] and present them here. 

A "risk-informed" approach to regulatory decision-making represents a
philosophy whereby risk insights are considered together with other factors
to establish requirements that better focus licensee and regulatory attention
on design and operational issues commensurate with their importance to
public health and safety. Where appropriate, a risk-informed regulatory
approach can also be used to reduce unnecessary conservatism in purely
deterministic approaches, or can be used to identify areas with insufficient
conservatism in deterministic analyses and provide the bases for additional
requirements or regulatory actions.  "Risk-informed" approaches lie between
the "risk-based" and purely deterministic approaches.  The details of the
regulatory issue under consideration will determine where the risk-informed
decision falls within the spectrum.

The Commission recognized that a single approach for incorporating risk analyses into the
regulatory process would not be appropriate given the nature and consequences of the use of
nuclear materials in reactors, industrial applications and waste disposal facilities.  In SECY-98-138
[3], the staff presented a plan to develop a framework for increased use of risk-informed,
performance-based approaches in NMSS regulation.  This plan noted the differences between
applying PRA methods to reactors and to the nuclear materials and waste program that regulates
many different activities, devices, and systems.
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1.2 SECY-99-100

Further development of the framework for risk-informed regulation to NMSS activities was provided
in SECY-99-100 [4] that addressed the commitments made by the staff in SECY-98-138.  A four-
part framework was identified.  The first part defines the areas in which risk assessment methods
can play a role in the NRC decision-making process.  The second part entails an evaluation of the
current considerations underlying an application area, including codes and standards, regulatory
limits, current risk considerations such as use of performance assessment in licensing the geologic
repository, and institutional considerations such as Agreement State issues.  The third part involves
an evaluation of new risk considerations in support of the proposed regulatory action or decision,
including the scope of the risk assessment, sensitivity and uncertainty analyses, and technical
quality.   The fourth part integrates current considerations and new risk considerations to ensure
that the regulatory process is consistent and scrutable.   To implement this framework, SECY-99-
100 identified a five-step plan for moving towards risk-informed regulation within NMSS as follows:
 
(1) Identify candidate regulatory applications that are amenable to expanded use of risk

assessment and identify responsible staff organizations, 

(2) Decide how to modify current approaches through interactions with stakeholders and staff,

(3) Change the current approach by making appropriate changes to the rules and regulations,
staff review plans and regulatory guides,

(4) Implement a risk-informed approach including training of staff to assure consistent
implementation of the risk-informed approaches, and 

(5) Develop or adapt tools and techniques for risk analysis of NMSS activities including, as
appropriate, risk assessment methods, computer codes, etc.  The five steps are not meant
to be strictly sequential.  Some regulatory areas and applications are further along the path
of risk-informing than others.  

The first step of the five-step process identified in SECY-99-100 is accomplished by applying
screening criteria to regulatory application areas within NMSS as a way of identifying candidate
application areas.  To be a candidate for risk-informing in NMSS, regulatory application areas must
meet the screening criteria.  Seven draft screening criteria (now identified as screening
considerations, see Chapter 2 below) were published in a Federal Register Notice [5 ] and revised
draft screening criteria were also published in a Federal Register Notice [6].  These criteria will be
discussed in Chapter 3.

1.3 Staff Requirements Memorandum on SECY-99-100 

In a Staff Requirements Memorandum (SRM) [7] approving the staff’s proposal in SECY-99-100,
the Commission stated that the staff should develop appropriate material safety goals analogous
to the reactor safety goal, to guide the NRC and to define what safety means for the materials
program.  In addition, the Commission requested:

(1) that the staff should develop these goals through an enhanced participatory process
including broad stakeholder participation, 
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(2) that the NMSS framework should include as a goal the avoidance of property damage and
the staff should develop appropriate metrics for it,

(3) that the staff consider whether critical groups can be defined for classes of material use,
consistent with Commission decisions in the License Termination Rule (10 CFR Part 20)
and on high-level waste disposal at Yucca Mountain (proposed 10 CFR Part 63),

(4) that the staff give due consideration to existing radiation protection standards in 10 CFR 20,

(5) that new standards should allow for equivalent levels of reasonable assurance of adequate
protection across the spectrum of regulated materials activities and should be consistent
with risk-informed practices being applied to nuclear power plant regulation.

Finally, the Commission noted that the Agreement States component must be factored into the
foregoing for the materials program.

1.4 Draft Screening Criteria and the Case Study Plan

In response to the Commission’s SRM, the staff held a public workshop [8 ] on April 25-26, 2000,
in Washington, DC.  The purpose of the first part of the April 2000 workshop was to solicit public
comment on the draft screening criteria and their application.  The goal of the second part of the
workshop was to solicit public input on developing safety goals for nuclear materials and waste
applications.

The consensus among participants at the workshop was that case studies of specific areas would
be useful to test the screening criteria, to show how the application of a risk approach has or could
affect a regulatory decision or process, and, if feasible, to develop safety goal parameters and a
first draft of safety goals for each area.  The purpose of the case studies was to illustrate and
highlight, if possible, the explicit or implicit risk-informed nature of previous regulatory approaches
or decisions in specific applications, and to establish a framework for using a risk-informed
approach in different materials and waste arenas by testing the draft screening criteria and
determining the feasibility of safety goals.

A second public meeting [9 ] was held on September 21, 2000 at the NRC headquarters to solicit
public comment on a draft Case Study Plan for carrying out the case studies.  A Federal Register
Notice [6] (65 FR 54323, September 7, 2000) announced the meeting and included the draft plan.
The draft plan contained the case study objectives, the draft screening criteria, the measures of
success used to gauge the case studies, the case study outline, including the specific areas and
applications that would be evaluated in the case studies, and the structure of each case study.  The
final Case Study Plan was issued on October 27, 2000 [10 ].

Four broad objectives were identified for the case studies:

(1) Test the draft screening criteria and produce a final set of screening criteria.

(2) Gain insights into risk-informing NMSS regulatory processes by illustrating how the
application of risk information has improved or could improve a particular area of the NMSS
regulatory process.
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(3) Determine the feasibility of safety goals in a particular area; if feasible, develop safety goal
metrics and a first draft of the goals, otherwise, document the reasons for infeasibility, 

(4) Identify the gaps in the tools, methods, data, and guidance that are required to risk-inform
NMSS.

The measure of success would be to evaluate how well the case studies met these objectives.  The
case studies were not intended to reopen or reassess any previous decisions made by the
Commission, but rather to elicit information that may or could impact future decisions by the staff
and the Commission.

1.5 Organization of Report

Chapter 2 of this report provides a chronology of public meetings, site visits, interviews, and key
events related to the eight case studies.  Chapter 2 also describes the approach taken in
conducting the case studies as defined in the Case Study Plan [10 ]. Chapters 3-6 describe how
each of the four broad objectives, presented above, have been met by the case study program.
Specifically, Chapter 3 discusses the screening criteria and how they were finalized as screening
considerations, Chapter 4 discusses how risk information has and could be valuable in the
regulatory process, Chapter 5 discusses the feasibility of developing safety goals and makes an
initial step in that direction, and Chapter 6 identifies current and future methods, data, and guidance
needs for risk-informing the materials use and waste arenas.  Chapter 7 presents findings and
conclusions and discusses future plans.  Appendix A contains discussion of other risk studies and
documents that pertain to this case study program and were integrated into the report where
applicable.  Finally,  Appendix B provides supporting information on safety goals and a risk
perspective for the materials use and waste arenas. 

The eight case studies are contained in Volume 2 of this report and these contain extensive (181)
references that were used in the course of performing the case studies.
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2 CASE STUDY APPROACH

The objectives of the case studies were to (1) Test the draft screening criteria and produce a final
set of screening criteria, (2) Gain insights into risk-informing NMSS regulatory processes by
illustrating how the application of risk information has improved or could improve a particular area
of the NMSS regulatory process, and (3) Determine the feasibility of safety goals in a particular
area; if feasible, develop safety goal metrics and a first draft of the goals, otherwise, document the
reasons for infeasibility, and (4) identify the gaps in the tools, methods, data, and guidance that are
required to risk-inform NMSS.

Eight case study areas were identified as follows:

• Regulation of Fixed Gauges

• Regulation of Static Eliminators

• Regulation of Gas Chromatographs

• Site Decommissioning of the Trojan Nuclear Power Plant (TNPP)

• Transportation of the Trojan Reactor Vessel Package (TRVP)

• Uranium Recovery

• Seismic Exemption for Dry Cask Storage of TMI-2 fuel at DOE/Idaho National Engineering
and Environmental Laboratory

• Paducah Gaseous Diffusion Plant Seismic Upgrade 

The case studies began in November 2000.  Five case studies, transportation of the TRVP, gas
chromatographs, static eliminators, fixed gauges, and dry cask storage were carried out by NMSS
staff.  Studies of the TNPP site decommissioning, uranium recovery, and Paducah gaseous
diffusion plant seismic upgrade were carried out by Brookhaven National Laboratory in
collaboration with the NRC staff.  Several meetings [11 - 15] were held to inform stakeholders and
the public, more generally, about the progress of the individual case studies and solicit input on the
preliminary results.  Also, the NRC historian and other individuals (NRC and non-NRC) were
interviewed for perspectives and insights on the materials and waste regulatory history, safety goal
development, radiation protection standards, and public confidence and risk communications. Table
1 provides a chronology and summary of all the interview and public meetings held on the case
studies.
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Table 1.1:  Enhanced Participatory Process

Date/Location Objective Participation (approx.) Outcome/Comments

April 25-26, 2000
Washington, DC

Solicit comment on draft
screening criteria and
application

30 Persons from NRC
staff, industry, Agreement
States, public, DOE

• Case study approach
needed
• Develop parameters for
screening criteria and
safety goals

September 21, 2000
Rockville, MD

Solicit comment on draft
case study plan and
objectives

20 Persons from NRC
staff, industry, Agreement
States, public, DOE

• Develop success
measures
• Evaluate case studies
against objectives

December 21, 2000
Rockville, MD

Meeting with Dr. David
Kocher on EPA-NRC risk
harmonization

NMSS staff Recognize that NRC and
EPA have different
approaches to regulating
radiation protection, but in
practicality, both are
regulating to about the
same level of risk

January 9, 2001
Rockville, MD

Interview Sam Walker,
NRC Historian, for a
historical perspective on
risk-informed regulation in
NRC

RTG and IMNS staff • NRR experience in
developing safety goal may
provide useful lessons
• Keep stakeholders
informed

January 16, 2001
Rockville, MD

Interview representative
from Union of Concerned
Scientist, to gain public
perspective on risk-
informed regulation in NRC

RTG staff • NRC can do better with
regulating nuclear safety
and public communications
and participation
• Uncertainty is a concern
with risk-informed
regulation
• Public acceptance of risk-
informed regulation will be
difficult to achieve

January 17, 2001
Bethesda, MD

Interview Dr. Charles
Meinhold, NCRP, for
perspectives on risk from
radiation

RTG staff Safety goal to establish a
de minimus dose

February 9, 2001
Rockville, MD

Provide information and
obtain input on case
studies of 
• Gas chromatographs
• Static eliminators
• Fixed gauges

25 Persons from NRC
staff, industry, Agreement
States, public, DOE

Need for more interactions
with stakeholders

March 13, 2001
Rockville, MD

Interview Joseph Murphy
for perspectives on reactor
safety goal development
and application

RTG staff Background information on
how reactor safety goals
were developed and how
they are used; applicability
of reactor safety goals to
materials and waste
arenas
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May 11, 2001
Rockville, MD

Provide information and
obtain input on case
studies of
• Trojan reactor vessel
package shipment
• Trojan decommissioning
and License Termination
Plan 

25 Persons from NRC
staff, industry, Agreement
States, public, DOE

Risk trade-offs: impact of
remediation on land

May 23 - 24, 2001
Rockville, MD

Consultations with Dr.
Peter Sandman on risk
communications

NRC staff Risk includes both hazard
and outrage; to decrease
public concern about small
hazards, work to diminish
outrage

June 13, 2001
Denver, CO

Provide information and
obtain input on case study
of
• Uranium recovery

50 Persons (including
some attending the NRC/
National Mining
Association Workshop,
held at same location,
6/13-14/01)

Value of risk-informed
approaches for a
financially-strained industry

July 31, 2001
Rockville, MD

Provide information and
obtain input on case
studies of
• Paducah GDP seismic
upgrade
• Seismic exemption TMI-2
ISFSI at DOE/INEEL

35 persons including NRC
staff, DOE, industry, and
public interest groups

Discussion of benefits of
doing risk assessments for
specialized facilities

September 10, 2001
Washington, DC

Interview with
representatives from NIRS
and Public Citizen

RTG and IMNS staff • Concern that risk-
informed regulation means
unclear and, therefore,
unenforceable regulations
• Lack of public confidence
in NRC

October 25, 2001
Rockville, MD

Provide information and
obtain input on
• Integration of case
studies
• Screening considerations
• Development of Safety
Goals
• Future plans

35 persons including NRC
staff, DOE, industry, and
public interest groups

General agreement by
participants to develop
safety goals

In conducting the case studies, several site visits were made to elicit information from the licensees
and relevant stakeholders.  These visits included:

(1) A two-day visit by an NRC-BNL team to the Trojan nuclear power plant in Rainier, Oregon.
The team held discussions with the licensee’s staff and with the State of Oregon regulator
on the decommissioning of the plant and the shipment of the Trojan Reactor Vessel
Package.  A walk-down of the facility was also conducted.
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(2) A visit by NRC-BNL team to the Gaseous Diffusion Plant in Paducah, Kentucky.

(3) Visits by a NRC-BNL team to the White Mesa conventional uranium mill in Utah and to the
Smith Ranch in-situ leaching facility in Wyoming to review uranium recovery operations. 

(4) A visit to the Phillip Morris facility in Richmond, Virginia, to gain insights on how fixed
gauges are used in industry.

(5) A visit to DOE’s INEEL facility, in Idaho Falls, Idaho, to gain insights on the storage of the
dry case storage of the TMI-2 fuel debris, the licensing process for the dry cask storage
facility, and the associated seismic exemption.  NRC staff also met with local reporters
during the visit to gain insights on the public’s attitude toward the TMI-2 fuel debris storage
facility and associated fuel shipments.

The case studies were not meant to reconsider any of the regulatory actions that the NRC took in
the case being studied. They were a retrospective look at a spectrum of activities or actions made
in the  materials use and waste arenas to achieve the objectives stated above.

The case studies were carried out using a standardized approach, described in the "Plan for Using
Risk Information in the Materials and Waste Arenas"[16].   Each case has been studied by a
member of the NMSS Risk Task Group or a contractor with risk expertise.  Advisors include subject
matter experts from the NRC staff who have knowledge of the particular case.  The reviewers also
consulted with licensees, experts in risk assessment, and other stakeholders having knowledge
or interest in the areas studied.

The basis for each case study has been the review of information from NRC and licensee source
documentation, through which the staff answered a standardized list of questions that address
aspects of the four objectives listed above.  After the investigative phase of the study, the NMSS
staff generated a set of preliminary conclusions on the basis of the answers to these questions.
The staff then presented its preliminary conclusions at a public workshops in which all stakeholders
were invited to participate.  After incorporating information and ideas that emerged from these
meeting, the NMSS staff produced a report for each case study.  

2.1 Capsule Summaries of Case Studies

Brief summaries of each of the eight case studies are presented below.  Each case study summary
identifies the reason why the topic was selected and a brief assessment of how it relates to the four
objectives identified above.

2.2 Gas Chromatographs

Gas chromatographs are used to separate a gas mixture in order to identify its components and
their concentrations.  These devices are employed in industrial and laboratory settings to detect
small quantities of organic compounds (1 part in 1014 to 1016).  Modified versions of this device
known as Chemical Agent Monitors are used by the military to detect poisonous chemical gases
in the field.  Portable versions are being developed to assist forensic investigators determine time
and cause of death.  Electron capture detectors are employed to enhance sensitivity in the analysis
of molecules in the effluent stream.  The electrons are provided by low-energy beta decay sources
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such as tritium or Ni-63.  Typical material activity levels in the devices are 300 mCi of H-3 and 20
mCi of Ni-63. 

Gas Chromatographs are regulated by NRC under the requirements specified in 10 CFR Part 20,
"Standards for Protection Against Radiation," 10 CFR Part 30, "Rules of General Applicability to
Domestic Licensing of Byproduct Material," 10 CFR Part 31, "General Domestic Licenses for
Byproduct Material," and 10 CFR Part 32, "Specific Domestic Licenses to Manufacture or Transfer
Certain Items Containing Byproduct Material."  They are used under a general license granted
under Part 31.5 or a specific license under Part 30.  The general license includes requirements for
leak testing and proper storage and disposition of the device and the licensee is also subject to
Parts 20.2201 and 2202 for reporting theft or loss of licensed material.  Specific license holders are
required to follow the regulations in Parts 19, 20, and 21, submit to periodic inspections, employ
a radiation safety officer, provide training in radiation safety if workers are likely to receive an
annual dose exceeding 100 mrem, and implement a radiation safety program.

Manufacturers of generally licensed chromatographs have to comply with the design criteria of Part
32.51.  For generally licensed devices the basic design requirements in addition to those of
specifically licensed devices are: the device can be safely operated by persons without radiation
protection training, under routine operation the radioactive material will not be released and it is
unlikely that any person will receive an annual dose in excess of the limits in 20.1201(a), and that
under accident conditions (e.g., fire or explosion) it is unlikely that any person would receive a dose
> 15 rem whole body, >200 rem to the hands or feet, or >50 rem to any other organ.  Specifically
licensed devices have to meet the requirements of Part 32.210.

The risks associated with use of gas chromatographs under normal operations are very small.  One
risk study calculated a maximum dose of 12 mrem under accident conditions for several low
probability accidents.  A worst case consequence from highly unlikely events was estimated in
another study to be 200 mrem to users of H-3 devices and 300 mrem to users of Ni-63 sources.

Reason for Choosing this Topic as a Case Study

The line between general licenses and specific licenses for almost identical devices is unclear.  The
case study could illustrate how the application of risk information could improve a particular area
of the regulatory process.

Relation to Study Objectives

The case study showed that a risk-informed approach would maintain safety, reduce burden
commensurate with risk presented by the devices, potentially eliminate unnecessary inspections,
and improve NRC’s regulatory efficiency.  Thus the screening considerations appear useful in
deciding whether to use risk information in regulatory activities.  However, questions related to
public acceptance of the use of risk information can only be guessed a priori although, in principle,
a risk-informed approach could allow a better understanding of decisions regarding licensing of gas
chromatographs.

There are implicit safety goals for exempt distribution products within the approval policy for
consumer products.  The table of exposure limits in Part 32.28 and the accompanying footnote that
provides guidance on the meaning of a “low probability” of exposure and a “negligible probability”



10

of exposure is a potential safety goal. Other implicit safety goals are given by the normal
occupational and public dose limits in 10 CFR Part 20.  Possible accident doses in extremely
unlikely circumstances must meet the applicable safety criteria in 10 CFR 32.23, 32.24, 32.26, &
32.27. 

Sufficient studies of gas chromatographs have been performed to determine the possible
consequences and their likelihoods to make a technical decision as to whether regulatory oversight
of these devices could be reduced commensurate with their low level of risk.

2.3 Static Eliminators

Static eliminators are devices that contain a sealed source of radioactive material for the purpose
of reducing electric charge buildup on equipment and materials.  The radiation from the radioactive
source produces ions in air, which neutralize the static charges in their vicinity.  As a consumer
product, static eliminators may be used to reduce static charges on photographic film and lenses,
and the static charges that can hinder the delicate operation of precision balances.  Commercial
applications for static eliminators include the following: (1) to reduce the risk of fire or explosion due
to static charge buildup and discharge in volatile and explosive environments (e.g., paint shops),
(2) to reduce the buildup of static charges that can damage electronic circuits and hard drives
during assembly and repair of personal computers, (3) to reduce the buildup of dust on surfaces
to be electroplated or painted, and (4) to reduce the static cling of processed material on sheet-fed
webs and rollers (e.g., print shops).

Consumer and commercial use of static eliminators is regulated under by NRC under the
requirements specified in 10 CFR Part 20, "Standards for Protection Against Radiation," 10 CFR
Part 30, "Rules of General Applicability to Domestic Licensing of Byproduct Material," and 10 CFR
Part 31, "General Domestic Licenses for Byproduct Material." Manufacture and transfer is regulated
under Part 32 “Specific Domestic Licenses to Manufacture or Transfer Certain Items Containing
Byproduct Material.”  Static eliminators used for consumer and commercial applications under a
Part 31.3 general license contain a sealed source with a maximum of 500 µCi of Po-210.  Devices
licensed under this regulation are not subject to any explicit requirements for design, testing,
installation, or maintenance, however, the sealed source is specifically licensed and subject to
safety evaluation and registration requirements.  Devices used under a Part 31.5 general license
are subject to requirements for labeling, leak testing, record keeping, maintenance, failure
reporting, abandonment, transfer, and disposal.

Manufacture of static eliminators requires a specific license under Parts 30 and 32, in particular,
32.51 and 32.52.  Part 32.51 requires an applicant to submit information related to the design,
testing, and hazards posed by the device that must meet the following criteria: the device can be
safely operated by persons without radiation protection training, under routine operation the
radioactive material will not be released and it is unlikely that any person will receive an annual
dose in excess of the limits in 20.1201(a), and that under accident conditions (e.g., fire or
explosion) it is unlikely that any person would receive a dose > 15 rem whole body, >200 rem to
the hands or feet, or >50 rem to any other organ.

The case study indicates that under the sealed source and device registry maintained by the NRC
there are eight certificates, seven that use Po-210 as the radiation source and one that uses Kr-85,
for static eliminator devices intended for use under a general license.  The activity of Po-210 in
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these devices ranges from 5 mCi to 324 mCi.  The Kr-85 source ranges from 1 to 10 mCi.  There
are, in addition, three certificates for static eliminators that may only be used under a specific
license.  These employ Am-241 sources and the activity ranges from 0.4 µCi per linear inch to 8.35
mCi per linear inch depending on the application.

The risks of static eliminator devices are generally low, but studies have been carried out only for
the Po-210 sources.  Under routine operations, the risks are only to those who come in close
contact, i.e., users or workers in commercial applications and the persons involved with
transporting devices. In accidents, other personnel such as firefighters could be exposed.  In cases
of loss or theft, the general public could be at risk of exposure.
 
Reason for Choosing this Topic as a Case Study

The line between general licenses and specific licenses, for almost identical devices, appeared
inconsistent.  This case evaluates the regulatory framework underlying the general and specific
licenses with regard to risk.

Relation to Study Objectives

The first four draft screening considerations are adequate to demonstrate that increasing the use
of risk information in the regulation of static eliminators would support one or more of the Agency's
four strategic and performance goals in the Materials Safety Arena.  Of the remaining three draft
screening considerations, the case study suggests that risk-informing static eliminator regulation
would be technically feasible as there are a number of existing risk studies in the area that provide
technical information. While risk information has the potential to reduce burden and increase staff
efficiency in making regulatory decisions the extent to which there would be a net benefit remains
undetermined.  The case study indicated that the risks associated with individual models of static
eliminators are evaluated on a case-by-case basis.  There may be a potential for increasing the
efficiency of the regulatory process by making more general regulatory decisions based on isotope
and activity, or sealed source and device design.  Also, the regulation under 10 CFR 31.3 may be
better integrated with the static eliminator regulation under 10 CFR 31.5.

Risk insights may be used to make the regulation of static eliminators more consistent with other
generally licensed, specifically licensed, and exempt devices, from a risk perspective, thus
increasing regulatory effectiveness and efficiency and reducing unnecessary regulatory burden,
while maintaining health and safety.  The isotope and activity should be limited to meet the
occupational dose criteria in 10 CFR Part 20.

The sealed source design should ensure complete containment of the byproduct material (i.e., zero
release) under normal conditions of operation and use.  The static eliminator design should prevent
direct physical contact with the sealed source within the device.  Administrative requirements
should ensure complete accountability and control of the static eliminators.

Several early studies of risks associated with static eliminators were based on a sealed source
design (i.e., micro spheres) that is no longer being used; however, the more recent studies are
based on the current sealed source design, which is a laminated foil.  The recent risk studies
consider only polonium-210 as a source; however, other isotopes are being used as the source in
generally licensed and specifically licensed static eliminators.  Each static eliminator design that
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is specifically licensed, or generally licensed under 10 CFR Part 31.5, undergoes an independent
safety evaluation by the responsible regulatory agency prior to approval for distribution.  Current
information regarding the distribution of static eliminators, such as the quantity of each type of
device distributed per year, should be compiled to support risk estimates.

2.4 Fixed Gauges

Fixed gauges are instruments containing radioactive materials such as gamma-emitters or beta-
emitters that are most often used as a way of monitoring a production process or insuring quality
control.  These devices are used in all types of processing environments, including harsh or
hazardous environments. The types of fixed gauges regulated by NRC are primarily thickness
gauges, density gauges, level gauges, insertion gauges, and volumetric flow gauges that contain
gamma or beta radiation sources.  The most common radioactive materials used in fixed gamma
gauges are cobalt-60, cesium-137, and americium-241.  In fixed beta gauges, the most commonly
used radioactive materials are krypton-85, strontium-90, promethium-147, and thallium-204.

Use of fixed gauges is regulated by NRC under the requirements specified in 10 CFR Part 20,
"Standards for Protection Against Radiation," 10 CFR Part 30, "Rules of General Applicability to
Domestic Licensing of Byproduct Material," 10 CFR Part 31, "General Domestic Licenses for
Byproduct Material," and 10 CFR Part 32, "Specific Domestic Licenses to Manufacture or Transfer
Certain Items Containing Byproduct Material."  Fixed gauges can be used under a general license
or under a specific license, depending, in part, on whether the device meets certain manufacturing
and dose criteria in 10 CFR 32.51.  Thus similar devices can be controlled under different
regulatory schemes.  General licensees who use fixed gauges are subject to Part 31.5 “Certain
Measuring, Gauging, or Controlling Devices” and are required to appoint a responsible individual
and register their device if they contain the following minimum amounts of material: 10 mCi of Cs-
137, 1 mCi Co-60, Am-241 or other transuranics, 0.1 mCi Sr-90.  Licensees are also required to
comply with Part 20.2201 and 2202 for reporting radiation incidents and any theft or loss of
licensed material.  Specific licensed gauge users are required to obtain a license under Part 30 and
to follow the regulations of Parts 19, 20 and 21, employ a radiation safety officer, and provide
training in safety if workers are likely to receive doses exceeding 100 mrem annually, among other
requirements.

Manufacturers of generally licensed gauges are subject to the design and dose requirements of
Part 32.51 that could expose users with no training in radiological protection to 10% of the annual
limits to workers under routine conditions.  The current public dose limit is 2% of the worker limit
but Part 32.51 has not been updated as yet.  Specific licensed devices are required to meet Part
32.210. Both types of gauges must undergo a sealed source and device review before they are
approved to be distributed to general or specific licensees.  Design requirements for devices that
are approved for distribution to a general licensee are: the device can be safely operated by
persons without radiation protection training, under routine operation the radioactive material will
not be released and it is unlikely that any person will receive an annual dose in excess of the limits
in 20.1201(a), and that under accident conditions (e.g., fire or explosion) it is unlikely that any
person would receive a dose > 15 rem whole body, >200 rem to the hands or feet, or >50 rem to
any other organ.

The risks associated with fixed gauges include: routine and accident doses to workers, and public
exposures from gauges that have been lost, stolen, or improperly disposed.  Contamination of
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metals processing facilities and disposal of radioactive waste during cleanup is another risk.
Incidents and events of contamination and exposure from loss or improper disposal have occurred
in the past.

Reason for Choosing this Topic as a Case Study

The regulatory criteria for classifying general versus specific licenses are not based on risk.  The
case study could illustrate how the application of risk information could improve a particular area
of the regulatory process; also, this could be a test case for a safety goal on property damage.

Relation to Study Objectives

The screening considerations indicated a path to follow when attempting to make a decision about
whether risk-informing the regulation of fixed gauges is feasible and/or desirable.  They also
appeared to contain all the relevant considerations for making decisions as to whether to pursue
risk-informing a proposed regulatory action.  Application guidance will be an important tool for the
staff to use when applying the screening considerations to future decisions.

The case study demonstrated that using risk information can provide burden reduction and improve
efficiency in decision making.  It also pointed out that increased regulatory oversight may be
warranted in some cases.  Using risk information could benefit NRC, licensees, and the public by
providing for more regulatory controls on devices which are more likely to cause harm.  The
approach would allow resources to be focused in proportion to the risk a device presents.  Staff
would be given the tools needed to make a clear safety argument for their licensing and inspection
decisions, and efficiency and effectiveness would be improved by reducing the review time
necessary for special cases in licensing and device approvals.

Safety goals for fixed gauges would be beneficial.  They would enable the staff to make licensing
and inspection decisions which are more consistent and defensible.  There appears to be no
reason why safety goals could not be developed for occupational and accident risks.  Previous
risk-informed staff decisions pertaining to approval of generally licensed devices, as well as staff
decisions regarding clean up of sites contaminated by breaches of sealed sources, provide
reference points for safety goals on accident risks.  If safety goals had existed then, both licensees
and staff would have benefitted from a reduction in the time needed to make a decision and an
enhancement in the defensibility of the decision.  

Several risk studies have been done for fixed gauges, and other similar devices, which use sealed
sources of radioactivity.  Compilation and comparison of these studies should result in a useable
source of information to risk-inform the regulation of fixed gauges.  Inferences may need to be
made for the risk-informed regulation of fixed gauges from risk studies for other similar devices.

2.5 Uranium Recovery

The uranium recovery process primarily consists of the milling and disposal aspects of uranium
recovery after the uranium ore is removed from the ground.  In a conventional mine, either deep
mining or shallow open pit, the rock containing the uranium ore is removed and processed at a
uranium mill, where an extraction process concentrates the uranium into yellow cake.  Uranium can
also be leached out of the ground by pumping a water solution through wells to dissolve the
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uranium in the ore.  The uranium is then pumped to the surface in a liquid solution, and then
processed.  Waste from milling operations are disposed of in a tailings pile.  Mill tailings are
fine-grained sand-like waste materials left over from uranium processing.  Wastes from in-situ
leach (ISL) facilities may be disposed of in several ways, including release to surface water,
evaporated from lined ponds, onsite applications (irrigation) or returned to the aquifers via deep
well injection.

The NRC does not regulate mining operations (deep well or surface), and its regulations only apply
to the ISL process and subsequent milling processes.  NRC efforts for the uranium recovery
program are governed by the Uranium Mill Tailings Radiation Control Act of 1978, as amended,
and the applicable regulations of 10 CFR Part 40.

Reason for Choosing this Topic as a Case Study

Gaps in the regulations may be found; this may be helpful in testing the screening criteria.  The
case study could also illustrate how the application of risk information has improved or could
improve the uranium recovery regulatory process.

Relation to Study Objectives

The case study revealed that chemical risk is the primary risk in uranium recovery and this is not
presently regulated by NRC. The toxic chemicals are only considered in terms of chemical
accidents which may induce radiological events.  Risk-informing the regulatory process could be
beneficial, but is not supported by industry due to the depressed economic state of the uranium
recovery industry.

Risk was used to evaluate various disposal options at a mill site.  By identifying chemical as a
potential risk, operators and regulators can focus resources on this area.  The ISL PRA showed
the importance of radiological and chemical safety and in maintaining integrity of the aquifer against
excursions from the ore bed

There are several implicit safety goals in existing regulatory documents, for example, (1) Prevent
significant adverse impacts from radioactive waste to the current/future health of the environment
and maintain safety and protection of the environment [17] (NUREG-0706), (2) No significant
adverse impact on occupational health from uranium recovery activities (SECY 99-100), (3)
Maintain public confidence in the uranium recovery industry [18]. 

A fairly significant amount of risk-related information is contained in (1) site specific and generic
environmental impact statements (EISs), integrated safety assessments (ISAs) and probabilistic
risk assessments (PRAs), (2) nuclear materials events database (NMED), and (3) Dose
assessment models (RESRAD, MILDOS-AREA).  In-situ leach facilities have an option for a
performance-based license approach 

2.6 Paducah Gaseous Diffusion Plant Seismic Upgrades

The Paducah Gaseous Diffusion Plant (GDP) is the only operating uranium enrichment plant in the
United States.  The facility is owned by the United Stated Enrichment Corporation (USEC), which
was created by Congress in the 1992 Energy Policy Act.  Under this Act, the oversight
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responsibility for the Paducah GDP is placed on the NRC.  It is NRC’s responsibility to establish
safety, safeguards, and security regulations, and to certify the plant in accordance with 10 CFR
Part 76, "Certification of Gaseous Diffusion Plants."

Because of its close proximity to the New Madrid Seismic Zone, seismic safety became an
important consideration in the certification of the Paducah GDP.  The case study took a
retrospective look at the activities undertaken by NRC and USEC to address the seismic issues
associated with the plant.  The case study examined how, and to what extent, risk information was
used to resolve these seismic issues.

Reason for Choosing this Topic as a Case Study

This study could provide insights on whether the use of risk information could improve the
regulatory process for gaseous diffusion plants.  This decision-making process will be a good test
for the draft screening considerations and will help establish consistency in applying risk
information across materials and waste programs.  Also, chemical risks could be explored.

Relation to Study Objectives

The case study clearly showed that risk information was used in a manner applicable to decision
making.  The study helped to identify chemical risk as the important contributor, established the
level of risk for particular facility, provided a basis for Justification for Continuing Operation, and
identified and quantified seismic weak links.

Several implicit safety goals were identified, including: no significant impact on public health and
safety, no significant impact on worker health and safety, and no significant impact on the
environment.

Information and tools are available in several risk studies that were performed for the certification
process, in extensions and adaptations of PRA methods, and in 10 CFR 76 that identifies
applicable codes and standards.

2.7 Trojan Nuclear Power Plant Decommissioning

This case study focuses on the decommissioning of the Trojan Nuclear Power Plant and, more
specifically, the License Termination Plan (LTP) proposed by the licensee, Portland General
Electric Company, the NRC License Termination Rule, and the review of the licensee’s Plan by the
NRC.

The Trojan Nuclear Power Plant operated from 1976 to 1992 and shutdown permanently in 1993.
The licensee is now in the process of decommissioning the plant.  Its objective is to obtain an
unrestricted release of the site as per the requirements of 10 CFR 20, Subpart E [19], from its
license. The LTP was prepared in accordance with 10 CFR 50.82 and the guidance provided in RG
1.179 [20].  The objective of the LTP is to demonstrate that the remainder of decommissioning
activities will be performed in accordance with 10 CFR 50.82, and will not affect public health and
safety and the quality of the environment.
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Reason for Choosing this Topic as a Case Study

Trojan was the first decommissioning plant to submit an LTP under NRC’s new License
Termination Rule, which is considered to be risk informed.

Relation to Study Objectives

The case study showed that the License Termination Rule embodies a risk informed approach that
is helpful in decision making for evaluating decommissioning options.  The License Termination
Plan proposed by the licensee demonstrated that the residual risk levels at the site were extremely
low.  The Trojan decision to go for screening DCGLs reflected a realistic appreciation of site risks.

Both the GEIS and the LTR established the value of a risk approach to decommissioning.  The
study indicated that a risk informed approach can help in analyzing options for situations where a
restricted site release is warranted.

Implicit/Explicit Safety Goals that were identified in the study include: no significant additional
impact on public/worker health from decommissioning, no significant additional impact on
environment, return site to pre-existing conditions, release site for unrestricted use, and maximize
number of sites for unrestricted release.

Information and tools relevant to risk-informing site decommissioning are contained in the 
provisions of the License Termination Rule, in the Standard Review Plan [21], in the DCGL
Screening Values [22], in the DandD [23] and RESRAD [24] codes for dose assessment to member
of critical group, and in MARSSIM [25] and NUREG-1549 [26] for assessing compliance with
generic or site specific screening concentration levels.

2.8 Transportation of the Trojan Reactor Vessel Package

This case study focuses on the shipment of an irradiated nuclear reactor vessel from the Trojan
Nuclear Plant in Rainier, Oregon, to a low level waste disposal site in Richland, Washington.  The
Trojan Reactor Vessel Package (TRVP) consisted of the reactor vessel and the contaminated
material contained inside it and was filled with low-density concrete to a weight of approximately
1000 tons.  The shipment was one of the decommissioning activities for the Trojan Nuclear Plant,
which permanently shutdown in 1993 after approximately seventeen years of operation.  Most of
the shipment occurred by barge on the Columbia River; a small portion was by land transporter at
the Hanford Reservation, where the disposal site was located.  The case study identified the risks
involved with various options for the removal and transport of the reactor vessel and analyzed how
risk information was considered in the NRC approval process.

The NRC approved the shipment based, in part, on probabilistic safety studies of alternative
options prepared by the licensee, Portland General Electric.  The probabilistic safety studies
provided the basis for the NRC granting an exemption to certain design requirements in 10 CFR
Part 71, NRC’s regulations for packaging and transporting radioactive materials.  The exemption
allowed the licensee to ship and dispose the Trojan reactor vessel as a whole with internals intact;
thus, reducing radiation risk to workers and saving the licensee and area rate payers millions of
dollars.
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Reason for Choosing this Topic as a Case Study

Elements of existing, implicit safety goals may be found in Commission decisions; may also be a
good case for examining public confidence and communication issues.

Relation to Study Objectives

The screening criteria appeared to contain all the relevant considerations for making decisions as
to whether to pursue risk-informing a proposed regulatory action.  However, clarifying guidance is
needed to make their use practical for the staff, and to make their intent clear to stakeholders.  The
study indicated that the TRVP shipment would have been identified as a case that would benefit
from risk information.

The case study showed the potential of risk information to provide for substantial burden reduction
and improved staff efficiency in making decisions, at no increase in risk.  As illustrated by this case,
the alternative shipment method (intact by barge), that was justified by the risk analysis, implied
a substantial reduction in risk.  Regulations often prescribe just one way to provide and
demonstrate safety, but risk analysis can open the path to many more options with equivalent or
better safety, along with other benefits such as efficiency.  

Implicit/explicit safety goals include several risk metrics involved in the process of preparing,
shipping, and disposing of the reactor vessel, including occupational exposure of workers and
accident risks.   The primary metric that was considered in the decision to permit the shipment was
the 10-6 probability for the most likely accident.  Thus, the staff decision that this was an acceptable
risk is a reference point for a safety goal on accidental risks with consequence levels similar to
these.  The licensee was able to calculate the 10-6 probability, but there was no guidance saying
what would be acceptable.  Safety goals are needed; licensee uncertainty could be alleviated and
staff decision making facilitated if a clear set of safety goals existed.   

2.9 Seismic Exemption for the DOE/INEEL TMI-2 ISFSI

In 1996, the Department of Energy (DOE) submitted to NRC an application for a license to build
and operate an independent spent fuel storage installation (ISFSI) on its Idaho National
Engineering and Environmental Laboratory (INEEL) site in Eastern Idaho.  The ISFSI would be
used to store the Three Mile Island Unit 2 (TMI-2) spent fuel debris which, at the time, was being
stored in a spent fuel pool at INEEL.  DOE’s decision to transfer the TMI-2 fuel debris from wet
storage to dry storage was motivated by concerns that, in the event of a leak, the spent fuel pool
water could contaminate the nearby underground water sources.

As part of this application, DOE requested an exemption to the seismic design criteria specified in
10 CFR 72.102 (f)(1).  This provision required that ISFSIs be designed to withstand an earthquake
with peak ground acceleration (PGA) values evaluated by a deterministic method using Appendix
A of 10 CFR Part 100, NRC’s nuclear reactor site criteria.  DOE proposed an alternative lower PGA
value for its ISFSI and justified the lower value with results from deterministic and probabilistic
seismic hazards analyses.  NRC evaluated the results and concluded that the DOE’s alternative
PGA value provided adequate conservatism.  Therefore, NRC granted a seismic exemption to DOE
in 1998.  The exemption allowed DOE to design the ISFSI based on a design earthquake with a
PGA of 0.36g (instead of 0.56g, which was derived by a deterministic method).  Cost savings for
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constructing a thinner concrete storage pad with fewer reinforcing bars were estimated to be
several million dollars.

Prior to the TMI-2 ISFSI seismic exemption, NRC staff had proposed to revise 10 CFR Part 72 to
incorporate the use of probabilistic seismic hazard analysis in the earthquake PGA determination.
The TMI-2 ISFSI seismic exemption emphasized the need for revising the 10 CFR Part 72 seismic
design criteria for dry-cask ISFSIs.  The staff has proposed to lower the design earthquake to a
level that is commensurate with the lower risk associated with an ISFSI versus an operating nuclear
power reactor.

Reason for Choosing this Topic as a Case Study

Implicit safety goals may be found in decisions and documents related to the probabilistic hazards
analysis exemptions and proposed rulemaking.  May also be a good case for examining public
confidence issues and burden considerations.

Relation to Study Objectives

This case study passed all the draft screening criteria.  The draft screening criteria appeared to be
effective in screening a potential application for risk-informing.  To make better use of the
screening criteria, it is suggested that the flow chart for criteria 5 and 6 be modified to read: "If the
answer to criterion 5 (or 6) is yes, proceed to additional criteria; if not, the activity may be screened
out pending the outcome of other criteria."  Essentially, this modification allows the user to look at
the screening criteria in their entirety and make a decision based on all the screening criteria.

Risk information was used successfully by the Agency to support granting the licensee the seismic
exemption in their TMI-2 independent spent fuel storage installation (ISFSI) application.  This case
study highlights the need to revise the 10 CFR Part 72 to accept the use of probabilistic seismic
hazard analysis (PSHA) method so it will be consistent with 10 CFR Part 50, "Domestic Licensing
of Production and Utilization Facilities."  The use of risk information in the seismic areas for future
ISFSI applications is feasible.  The use of risk information in the other areas of future ISFSI
applications was not evaluated in this case study.  It could probably be expanded into other areas.

No explicit safety goals are found in the current regulations; however, the Part 72 Statements of
Consideration recognized that the risks of dry cask storage were lower than those at an operating
nuclear power plant.  Hence a different set of risk criteria for the ISFSI are reasonable.

One possible safety goal could be that the human exposure to radionuclides should be lower for
more frequently occurring events with smaller magnitudes (e.g., an earthquake with a 2,000-yr
return period).  Conversely, exposure to radionuclides should be higher for a less frequently
occurring event (e.g., an earthquake with a 10,000-yr return period) with a larger magnitude.
Regardless of the frequency of an event, all exposures should be less than the regulatory limits.

Both deterministic and probabilistic seismic studies have been performed at various locations
throughout the Idaho National Engineering and Environmental Laboratory site.  The earlier studies
(pre 1990) were of less quality because they were less location specific.  Recent studies (post
1990) were of higher quality because they were more site specific and included sensitivity analyses
that could isolate the contribution to the total seismic hazard from various potential sources.
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Sophisticated probabilistic hazard analysis tools are available to the practitioners if another ISFSI
application is submitted to the NRC for evaluation.  However, site-specific data is always necessary
before meaningful conclusions can be drawn from the studies.

2.10 Overall Insights from Case Studies

On an overall basis, the case studies showed that the screening criteria contained all the relevant
considerations needed for risk-informing and can be a useful decision-making tool.  However, the
application can be subjective so guidance is needed.  The experience of carrying  out the case
studies also indicated that the draft screening criteria should be more properly identified as
screening considerations instead of screening criteria.  They are a set of factors that encompass
the relevant questions that are needed for risk-informing but they do not have just yes/no answers.

The case studies demonstrated that, in several instances, risk information helped the NRC staff
to make decisions that were, in retrospect, consistent  with the Agency’s current strategic goals and
can be useful  in identifying shortcomings in NRC regulations or regulatory processes.

The studies also showed that safety goals are feasible and decision-making can be facilitated if a
clear set of safety goals existed.

Information, tools, methods, and guidance needed for risk-informing exist in some materials and
waste program areas, but may need to be developed in others.

2.11 Supplemental Risk Information

The case studies provide a broad perspective on the use of risk information in the nuclear materials
and waste arenas.  However, the use of risk information in these arenas is not limited to the
regulatory applications addressed by the case studies;  risk information has been used in other
materials and waste regulatory areas as well.  Some of these have been ongoing for several years,
such as the work on performance assessment [27] for the high-level waste repository, while some
are more recent, such as the risk assessment for dry cask spent fuel storage [28].  Knowledge of
these studies have influenced the case study program in various ways.  For example, the risk
assessment performed for byproduct materials [29] has a direct bearing on three of the case
studies. Similarly, the case study on uranium recovery reviewed the risk assessment for in situ
leach extraction of uranium.  The risk study for spent fuel transportation [30] broadens our
perspective on transportation risks beyond the Trojan reactor vessel shipment case study.

Appendix A of this report contains brief summaries of these studies and documents to enhance the
perspective on risk-related activities in the materials use and waste arenas.  This is not an
exhaustive listing of risk assessments performed within NMSS.
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3 SCREENING CONSIDERATIONS

One of the objectives of carrying out the case studies was to test the draft screening criteria and
to produce a set of final screening considerations.  This chapter discusses how the screening
criteria were tested in each case study and how the criteria became considerations.

The final screening considerations, for identifying materials and waste regulatory applications
amenable to increased use of risk information, are listed in Table 3.1.

Table 3.1:  Screening Considerations

(1) Could a risk-informed regulatory approach help to resolve a question with respect
to maintaining or improving the activity’s safety?

(2) Could a risk-informed regulatory approach improve the efficiency or the
effectiveness of the NRC regulatory process?

(3) Could a risk-informed regulatory approach reduce unnecessary regulatory burden
for the applicant or licensee?

(4) Would a risk-informed approach help to effectively communicate a regulatory
decision?

If the answer to any of the above is yes, proceed to additional considerations; if not, the
activity is considered to be screened out.

(5) Do information (data) and/or analytical models exist that are of sufficient quality or
could they be reasonably developed to support risk-informing a regulatory activity?

If the answer to (5) is yes, proceed to additional considerations; if not, the activity is
considered to be screened out.

(6) Can startup and implementation of a risk-informed approach be realized at a
reasonable cost to the NRC, applicant or licensee, and/or the public, and provide a
net benefit?

If the answer to (6) is yes, proceed to the additional consideration; if not, the activity is
considered to be screened out.  

(7) Do other factors exist which would limit the utility of implementing a risk-informed
approach?

If the answer to (7) is no, a risk-informed approach may be implemented; if the answer is
yes, the activity may be given additional consideration or be screened out.
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3.1 Draft Screening Criteria

As discussed in Chapter 1, seven draft screening criteria were developed to explore whether a
particular area regulated by NMSS would be amenable to the expanded use or application of risk
assessment.  The first four criteria were related to the NRC’s overall strategic goals [18] related to
risk-informing, that is, whether risk-informing would (1) maintain or enhance safety, (2) improve
efficiency or effectiveness of the regulatory process, (3) reduce burden for the licensee, and (4)
help to communicate a regulatory decision.  The remaining 3 criteria related to the feasibility of risk-
informing, that is, whether (1) data and models of sufficient quality exist or can be reasonably
developed to support risk-informing, (2) implementation of risk-informing can be realized at a
reasonable cost and provide a net benefit, and (3) other factors such as legislative, judicial, etc.
exist that would preclude changing the current approach.  Experience of conducting the case
studies has provided one important lesson, that the draft screening criteria should be more properly
identified as screening considerations rather than as strict criteria.  In other words, they are a set
of factors that encompass the relevant considerations that will influence the risk-informing of
activities and areas within NMSS but they are not pass/fail tests that have a yes or no answer and
can thus be considered as criteria in the sense that acceptance have been traditionally regarded
within the regulatory arena.  

The case studies showed that the seven factors that constitute the screening considerations can
be a very useful decision-making tool but their application can be subjective, hence guidance is
needed.  The seven factors are one important tool in the management decision to risk-inform a
specific activity or process. The screening considerations not only lead to a decision whether to
risk-inform or not, they are an important communication tool in communicating which areas or
factors are most important from the standpoint of risk.  They also begin to formulate what the
issues involved in the decision are and what information and methods are needed to address them.
Risk informing in this context implies a commitment to use a set of formal methods or approaches
such as PRA in the regulatory decision-making process.

3.1.1 Screening Considerations Based on Performance Goals in NRC Strategic Plan

The first screening consideration is whether risk-informing could help to resolve a question with
respect to enhancing or maintaining safety of an activity or regulated area.  There is a general
presumption that adherence to rules and regulations assures adequate safety of regulated
activities, however, there could still be unresolved safety questions in specific areas or there may
be unrecognized or unevaluated hazards or accidents.  In some areas, there could be new
information that indicates that the risk from known hazards is greater than previously assessed or
that the uncertainty in risk based on current analyses and information is too large and needs to be
reduced.  Improved risk assessment, including quantification of uncertainty, may help to resolve
these issues. 

The second screening consideration relates to whether risk informing could improve the efficiency
or effectiveness of the NRC regulatory process.  This issue has a number of dimensions that
include: streamlining the decision-making process, ensuring consistency in application, and
keeping the focus on safety.  The case study on the Trojan reactor vessel package shipment
showed that risk-informing the approval process by adopting safety goals would have streamlined
decision-making by obviating the need to go through the cumbersome process of obtaining an
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exemption from transportation regulations.  Risk-informing may help to introduce consistency and
maintains a focus on safety by ensuring that decisions are based on an assessment of the
underlying risk.

The third screening consideration is whether risk-informing could reduce unnecessary regulatory
burden.  The qualifier “unnecessary” in this context denotes that the regulations that have to be
complied with are incommensurate with the risk posed by the regulated activity or action.  This
implies, of course, that some kind of a risk assessment, even a simple risk screening, has been
carried out and some criterion has been utilized to compare the burden of compliance with the risk
to be averted in order to demonstrate the incommensurable nature of the regulation.
Implementation of this consideration is really an issue of proper risk allocation, in other words a
graded approach that allocates resources to systems, structures, components, and procedures in
proportion to the magnitude of the risk averted while maintaining overall safety.

The fourth screening consideration relates to public communication of agency decisions, whether
a risk-informed approach would help to effectively communicate a regulatory decision.  Generally
a risk approach provides data and information about a set of options and an objective basis for
choosing a particular option.  There is a reasonable assumption here that risk-informing would
provide more and better information to support the underlying rationale of an agency decision.  In
principle it could thus lead to decisions that are more transparent and more defensible.  

These four screening considerations are based on the NRC’s strategic goals of maintaining safety,
increasing regulatory efficiency and effectiveness, reducing unnecessary burden, and improving
public communication.  Risk-informing has an important role to play in promoting these strategic
goals.

3.1.2 Screening Considerations Based on Feasibility

The other three considerations relate essentially to the feasibility of risk-informing the regulatory
activity carried out by NMSS.  

The fifth consideration asks if data and/or analytical models of sufficient quality exist or could
reasonably be developed to support risk-informing a particular activity.  The sixth screening
consideration is whether startup and implementation of a risk-informed approach can be realized
at a reasonable cost to NRC, applicant/licensee, and/or the public, and provide a net benefit.
These considerations are, in essence, two sides of a coin.  Data can always be acquired and
analytic models developed if sufficient resources are available.  Thus the issue is basically one of
net benefit and the approach needs to take into account a number of ways, of varying costs,
quality, and feasibility, that could be used to risk-inform a regulatory activity or decision.  The long
and still ongoing experience of risk-informing regulations and regulatory activities related to power
reactors illustrates this point.  From the Reactor Safety Study [31] to the Risk Assessment for Five
Nuclear Power Plants [32] , the Individual Plant Examinations [33] (IPE and IPEEE), and many
other risk studies, a large number of risk approaches have been used in support of resolving
particular issues.  More data and newer models may be needed for specific issues but a scoping
risk assessment may suffice for many other activities or decisions.  Thus feasibility hinges
ultimately, as it should, on resource availability in relation to the decision that has to be taken.  
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The seventh and final screening addresses the existence of various other factors that would limit
the utility of implementing a risk-informed approach.  These include legislation or judicial decisions
that might preclude alteration of the current regulatory approach.  For example, there may be other
agencies such as Agreement States that are involved in regulating the licensees or there could be
multiple jurisdictions that would need to be addressed.  There could also be issues of agency policy
or social considerations in particular jurisdictions that may become an obstacle to risk-informing.
These factors would need to be evaluated for their impact on risk-informing NMSS activities.

3.2 Application of Screening Considerations

The application of the screening considerations is not only useful in the decision of whether or not
to risk-inform a particular activity, the questions posed by the screening considerations also lead
to the process of understanding how to risk-inform the activity, i.e., what information is needed, how
it should be organized, and what kinds of issues can or need to be addressed by risk-informing.
However, the implementation of these screening considerations as one factor in the management
decision to risk-inform a specific activity or decision within NMSS requires guidance.

A typical issue may involve a set of proposed changes such as changes in regulatory practice,
changes in facility procedures, or a re-interpretation of the scope of a particular rule.  It is likely that
such proposed changes are motivated by one or more of the NRC strategic goals that are
embodied in the first four screening considerations stated above, that is, enhancing or maintaining
safety, increasing efficiency, reducing burden or improving risk communication.  Risk information
would clearly be needed to help evaluate the change, i.e., to assess which of the proposed
alternatives are permissible, and which one is preferred, based on the risk assessment.

3.3 Implementation Guidance

Regulatory Guide 1.174[34], developed to provide guidance in carrying out risk-informed decisions
about changes to the licensing basis for nuclear power plants, contains useful information on how
the risk information should be applied in evaluating the proposed changes.  The rationale
underlying the guidance offered by Regulatory Guide 1.174 is based on the following principles:

(1) If the licensed activity has a risk that is too high, then the alternatives should focus on ways
of reducing the risk.

(2) If the proposed changes reduce the risk, there should be no barrier to their implementation
unless other impacts such as cost, increase in uncertainty, or loss of defense-in-depth are
involved.

(3) If the licensee’s overall risk is low and the proposed change may lead to an increase in the
risk, the incremental change in risk should be small relative to the subsidiary objectives and
the quantitative health objectives derived from the reactor safety goals.

This guidance assumes the existence of safety goals, the quantitative health objectives, and the
subsidiary objectives (see Chapter 5,  below) for estimating and comparing risk.  Without these
goals, it is difficult to make judgements about “low” or “high” risks.  Chapter 5 is devoted to an
exploration of these issues for NMSS activities.
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4 VALUE OF USING  RISK  INFORMATION

This chapter presents the conclusions of the eight case studies with respect to the second objective
of the Case Study Plan [10]: gain insights into risk-informing NMSS regulatory processes by
illustrating how the application of risk information has improved or could improve a particular area
of the NMSS regulatory process.  The following conclusions can be drawn from each of the eight
case studies with regard to the value of risk information.  

4.1 Conclusions from Case Studies 

4.1.1 Gas Chromatographs

This case study [35] indicated that these devices meet or greatly exceed any implicit safety goal,
and are likely to also meet or exceed any reasonable explicit quantitative or qualitative safety goal
that may be developed in the future.  The case study demonstrated that the use of risk information
can provide burden reduction and improved efficiency in decision making, without a reduction in
safety.  However, the actual risk, consequence times the probability, seems to have little impact
on public acceptance.

4.1.2 Static Eliminators

This case study [36] showed that risk information may have the potential to reduce regulatory
burden and improve the staff’s efficiency in making decisions, without increasing risk.  The extent
to which there may be a net benefit, however, is undetermined.

The case study indicated that, while there are two generic risk studies addressing static eliminators,
the risks associated with individual models of static eliminators are evaluated on a case-by-case
basis through the sealed source and device registration process.  There may be potential for
increasing the efficiency of the regulatory process by making more general regulatory decisions
based on isotope and activity, or sealed source and device design.  Also, the regulation under 10
CFR 31.3 may be better integrated with the static eliminator regulation under 10 CFR 31.5, and
some devices may be suitable for exempt status.

Risk insights may be used to make the regulation of static eliminators more consistent with other
generally licensed, specifically licensed, and exempt devices, from a risk perspective, thus
increasing regulatory effectiveness and efficiency and reducing unnecessary regulatory  burden,
while maintaining health and safety.

4.1.3 Fixed Gauges

This case study [37] demonstrated that using risk information can provide burden reduction and
improve efficiency in decision making.  It also pointed out that increased regulatory oversight may
be warranted in some cases. Using risk information could benefit NRC, licensees, and the public
by providing greater controls on devices which are more likely to cause harm.  The approach would
also allow resources to be focused in proportion to the risk a device presents.  Staff would be given
the tools needed to make a clear safety argument for their licensing and inspection decisions, and
efficiency and effectiveness would be improved by reducing the review time necessary for special
cases in licensing and device approvals.
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4.1.4 Uranium Recovery

This case study [38] showed how risk concepts were used to evaluate various disposal options at
a mill site. It also showed how, by identifying chemical as a potential risk, operators and regulators
can focus resources on this area in an efficient way.  The in situ leach PRA [39] (NUREG/CR-6733)
showed the importance of radiological and chemical safety and in maintaining integrity of an aquifer
against excursions from an ore bed. This helped to identify the relative importance of a safety issue

4.1.5 Gaseous Diffusion Plant

This case study [40] showed how a level of risk was established for particular aspect of a facility.
The risk assessment provided the basis for Justification for Continuing Operation while the seismic
upgrade was being performed at Paducah. Hence the risk approach help to support burden
reduction and improve efficiency in the certification process. More generally, it served to identify
and quantify the risks associated with the seismic vulnerabilities at the facility.

4.1.6 Trojan Nuclear Plant Decommissioning

This case study [41] found that the Generic Environmental Impact Statement for site
decommissioning established the value of a risk approach to decommissioning. The study also
noted that the License Termination Rule (10 CFR Part 20, Subpart E) is risk informed. The study
also concluded that a risk-informed approach can help in analyzing options for restricted site
release. Specifically, more realistic long-term scenarios and consequences could be analyzed
using risk methods.

4.1.7 Transportation of the Trojan Reactor Vessel Package

This case study [42] showed the potential of risk information to provide for substantial burden
reduction and improved staff efficiency in making decisions, at no increase in risk. As illustrated
by this case, the alternative shipment method (intact by barge) that was justified by the risk
analysis, was actually a substantial reduction in risk. The case study also revealed the benefits of
risk information to communication: the notion of the relative risk of “one barge vs. 44 trucks” was
readily understood by the stakeholders in the area. Regulations often prescribe just one way to
provide and demonstrate safety, but risk analysis can open the path to many more options with
equivalent or better safety, along with other benefits such as efficiency.

4.1.8 Seismic Exemption for the DOE/INEEL TMI-2 Fuel Debris ISFSI

This case study [43] showed how risk information was used successfully to support granting the
Department of Energy the seismic exemption in their TMI-2 fuel debris independent spent fuel
storage installation (ISFSI) license application. It also highlighted the need to revise 10 CFR Part
72 to accept the use of the probabilistic seismic hazard analysis (PSHA) method to be consistent
with 10 CFR Part 50, "Domestic Licensing of Production and Utilization Facilities." The use of risk
information in the seismic areas for future ISFSI applications is feasible. 
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4.1.9 General Conclusions from Case Studies

The case studies have collectively shown that risk information has been used in making regulatory
decisions.  They were effective in indicating where decisions or processes are consistent with the
Agency’s strategic goals. Furthermore, they have helped to highlight some of the areas in which
there are shortcomings in the regulations or regulatory process.   Specifically, the case studies
illustrated how risk information:

(1) can provide burden reduction and improved efficiency in decision making without a
reduction in safety,

(2) can be used to make the regulations more consistent for generally licensed, specifically
licensed, and exempt devices,

(3) can indicate where increased regulatory oversight may be warranted,

(4) would allow resources to be focused in proportion to risk,

(5) can identify the significance of nonradiological risks of a facility or activity,

(6) can facilitate the certification process of a facility,

(7) can illuminate options for long-term disposal of a facility,

(8) can support granting an exemption from the existing regulations,

(9) can highlight the need to revise regulations.

4.2 Procedure for Using Risk Information

Risk information can be valuable as an additional input to a decision that NMSS must make. It can
complement the more familiar information that is derived from consideration of the existing
regulatory framework.  It can help to make that framework more rational.  If safety goals are to
move forward, then risk information can be readily compared with these goals to guide and inform
regulatory issue resolution.

From these case studies and the final screening considerations, a procedure is beginning to
emerge for risk informing specific regulatory issues that NMSS must consider.  If a particular
regulatory issue is determined to be a candidate for risk informing (by virtue of the screening
considerations), then the following questions should be addressed:

(1) What is the current regulatory context for the issue or activity?

(2) Who are the individuals, population, or environment at risk?

(3) What are the risk indices that characterize these risks?

(4) Are there competing risk when alternatives are under consideration?
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(5) Can the risk indices be evaluated by analysis and/or testing?

(6) What are the uncertainty ranges associated with each risk parameter?

(7) Does the risk information provide an additional insight that can inform a decision?

(8)  Are there similar situations for which a risk-informed approach has been useful?

(9) Can stakeholders be engaged in a risk-informed decision making process?

4.2.1 Regulatory Context

After it is established that an issue or activity is a candidate for being risk-informed, it is important
for the regulator to gather up all other pertinent information with regard to this issue or activity.
Some of this information will already be identified by the screening considerations.  In particular,
the broad institutional context for an issue or activity needs to be recognized in the decision
process.

4.2.2 Recipients of Risk: The Exposed Population

In order to understand the actual risks, an identification must be made of the individuals,
population, or environment at risk.  What is the size of the potentially affected geographical area?
What is the population density of the exposed group?  How is the hazard transmitted to the
exposed group?  Can and should a critical group of potentially most exposed individuals be
defined?  Is the recipient of risk the physical environment?

In performing a realistic assessment of radiological risk, a model (construct) must be developed
to calculate the doses to the individuals and population who have been exposed to the hazard.  For
the nuclear materials use and waste arenas the target population will vary widely.  Spatial and
temporal factors will need to be considered in assessing the risks.

In developing rules for verifying compliance with regulations, highly prescriptive algorithms have
been developed for defining the critical group of individuals who would receive a dose that would
be compared against a criterion. For example, in the License Termination Rule [19], the critical
group is the group of individuals reasonably expected to receive the greatest exposure to residual
radioactivity for any applicable set of circumstances.  The average member of a critical group is
an individual who is assumed to represent the most likely exposure. For a residential scenario, this
individual is defined to be a resident farmer.  Similarly, in the proposed (dated 2/22/99) 10 CFR
Part 63, a farming community in the vicinity of Yucca Mountain is identified and the average
member of the critical group is based on the mean value of the group’s variability range. In the final
version of 10 CFR 63 [45], the critical group notion is not used.  Rather, the concept of the
“reasonably maximally exposed individual,” consistent with standards of the Environmental
Protection Agency and similar to the average member of the critical group, is used.

These are specific constructs that are structured to assure adequate protection according to the
law.  When using risk information to gain insights into the actual risk of a particular facility or
activity, the models and, thus, the risk assessment should be as realistic as possible.  There should
be no undue bias in the modeling in either direction.
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The case studies have illustrated that the exposed populations can be quite different among the
areas considered.  For site decommissioning (long-term site release), radiological hazards are
expected to be quite low and localized to the site. This suggests that the population at risk is very
small, perhaps on the order of 100 people or less. On the other hand, for the transportation of the
Trojan reactor vessel package, the hazard is moved through the vicinities of many local
communities, which can involve many thousands of people (albeit to a very low hazard).  Spent fuel
transportation is an amplification of this, involving approximately one million people along a
representative route (with a larger overall hazard).  Uranium recovery involves a small onsite work
crew, typically 10s of people, who are subject to chemical hazards at least as much as radiological
hazards.  The uranium recovery facilities are sited in low population density areas with a few
thousand people or less in nearby communities.  Realistic population exposures may involve less
than one hundred people.  Gaseous diffusion plants involve, perhaps a few hundred workers who
are subject to chemical hazards more than nuclear hazards.  Again, because of the remoteness
of the siting of these facilities, collective exposures to the surrounding populations would likely
involve on the order of 100 people. Static eliminators, gas chromatographs, and fixed gauges could
be hazards to small populations, on the order of five or less, at any given time.  Of course, many
(ten thousand or more) of these devices have been deployed and thus the collective societal risk
will involve an aggregation across the spectrum of these applications, leading to collective risks that
can be as much as four orders of magnitude higher than the individual risk. For field radiography,
well logging and irradiators the collective industry-wide risk is one-to-three orders of magnitude
larger than the individual risks from these enterprises (see Table B.1 for a characterization of
individual risks across a spectrum of facilities and activities).

Specific risk assessments, such as the Shelwell study performed by NRC, involved an assessment
of doses that would be received from local contamination by a small population due to an accident
at that facility. Each risk assessment must be performed to address a specific safety question.  This
will be needed to define the right questions as “top events” for the analysis.

For perspective, in the reactor arena, the consequence models used in a full-scope probabilistic
risk assessment typically calculate offsite doses from severe accidents out to one mile, ten miles,
and fifty miles from the reactor. (Doses to larger distances, ~500 miles, are also calculated for
completeness, but the assumptions and approximations required limit the utility of very large
distance calculations).  The population potentially exposed and their location is obtained from
actual census data on a detailed spatial grid surrounding the reactor site.

4.2.3 Defining Risk Indices

Once the recipients of the risk are established, quantitative measures of their risk must be defined.
For example, it may be appropriate to measure the likelihood of fatality (prompt or latent) to the
individual.  An aggregate, societal risk may be important to define. Risks can be cast in monetary
terms, where property or environmental damage is of concern.  To manage the operation of a
facility, it may be useful to have a risk measure that reflects the performance of that facility (e.g.
likelihood of a specified radiological release).  Risk indices are essential because they help to
shape the type of risk assessment that should be performed.  Also they are the parameters that
would be compared to safety goals, if and when they are established.
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4.2.4 Understanding Competing Risks

Often, when a decision is to be made, the alternative choices pose different risks.  Sometimes the
risk indices for one alternative are different and not as significant as for another alternative.  It is
important to define the complete set of risk indices for all alternatives at hand so that a comparison
can be made with maximum information about each choice.  Because there are multiple indices
involved, the choices can often be difficult (e.g. weighing a larger number of delayed fatalities for
one alternative against a larger number of prompt fatalities for the other alternative).

4.2.5 Evaluating Risk Indices

This is the heart of the problem.  A risk assessment needs to be performed to determine the risk
values of the risk indices.  The depth, scope, and completeness of the risk assessment will depend
on the complexity of the facility or operation, the questions to be answered, the availability of
scientific data that would support the risk assessment, and the resources available to perform the
risk assessment.  For some cases, a rather elaborate probabilistic risk assessment (PRA) or
performance assessment (PA) would be warranted.  In other cases, risk studies of reduced scope
and depth would be sufficient.  Integrated safety assessments would be a reasonable approach
if the data is limited and a more qualitative analysis is suggested.  For more frequent events,
historical data could help to directly form the risk assessment.  Experiments or tests could be
defined which could also help in the assessment of the risks.

4.2.6 Uncertainty

No risk assessment (or other form of scientific analysis) is free of uncertainty.  Quantification of the
uncertainty in the risk predictions is important because it can help the decision maker understand
the robustness of a choice.  This is true whether the comparison is to be made to a safety goal or
an alternative design or operation approach.  Decision makers often make choices on the basis
of the mean value (a point value) of an uncertainty distribution. The Safety Goal Policy Statement
for the Operation of Nuclear Power Plants [44] notes that the Commission adopted the use of mean
estimates of the risk metrics for the purpose of implementing the quantitative objectives.  Further,
10 CFR 63 [45] advocates the use of mean values for evaluating the adequacy of Yucca Mountain
as a disposal site for high-level wastes. Both documents, and many others, duly note that it is
useful to know (however crudely assessed) the width of the uncertainty distributions .

4.2.7 Insights from Risk Information

Risk insights are defined in the Commissions’s White Paper on Risk-Informed Performance-Based
Regulation [2] as the results and findings of risk assessments.  These include end results such as
public health effects or estimates of core damage frequency or large early release frequency (for
nuclear power reactors).  In areas and activities regulated by NMSS, these results could include
risk curves for radioactive waste disposal facilities, frequency of occupational exposures, predicted
dose from decommissioned sites and many others.  The analyst and decision maker should decide
(both before and after the risk assessment is performed) whether these results would provide fresh
insights, beyond the conventional regulatory analysis, into maintaining or enhancing safety,
reducing unnecessary burden, and improving regulatory effectiveness.  In many cases, insights
from risk assessments have unearthed potential vulnerabilities and led to new and improved
system and process designs. The White Paper indicates that risk insights have been incorporated
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successfully  into several regulatory activities, and have proven to be a valuable complement to the
traditional deterministic approaches.

4.2.8 Information from Similar Situations  

Insights can be obtained by examining the results and conclusion from similar situations.  For
example, risk assessment results or insights for a reactor site decommissioning may be useful for
a non-reactor site decommissioning and vice-versa.

4.2.9 Role of Stakeholders

It would be helpful in arriving at a decision by risk information if the stakeholders for the particular
issue are involved in the process from the beginning.  Results will then not be a surprise and may
not be the subject of undue discussion and controversy. 

4.3 Activities to Realize Benefits of the Risk Informed Approach

In order to realize the benefits of risk-informing issues or activities that NMSS must consider, it is
important that NMSS management and staff embark on a path that involves the elements outlined
below.

4.3.1 Staff Training

NMSS, in coordination with the Technical Training Center and the Regions, has established a risk
training program for the staff.  This training program consists of three tiers.  Two Tier I courses
have been designed to provide an overview of risk assessment in NMSS for technical managers
and administrative staff, respectively.  A Tier II course has been designed to introduce to the staff
the various risk assessment concepts and methodologies applicable for NMSS activities, including
a discussion of risk assessments and insights gained from several actual examples.  The purpose
of the Tier I and Tier II training is to equip the staff with a basic familiarity of risk assessment to
facilitate the use of a risk-informed approach in regulating the use of nuclear materials and nuclear
waste disposal.  Tier III courses, currently under development, are intended for specialized training
in risk methodology, risk analyst qualification, and risk management.  The purpose of Tier III
training is to cultivate risk analysts who are capable of performing risk assessments, drawing risk
insights, and formulating risk management strategies for the various areas that NMSS regulates.
As NMSS continues its work in developing the safety goals and incorporating the risk-informed
approach into rulemaking, licensing, guidance development, inspection and enforcement, the
curriculum will be updated periodically to make available to the staff the latest applications, data
and tools to further advance staff’s knowledge and capability in implementing the risk-informed
approach.

4.3.2 Risk-Informed Guidance on Rulemaking, Licensing, Inspection and Enforcement

A risk-informed approach can support developments and activities in each of these areas. For
example, a risk-informed approach could have been helpful in the development of a new 10 CFR
Part 41 for the in situ leach method of uranium recovery.  Risk methods were useful to the
certification process for the gaseous diffusion plants. Risk information may be useful in the
determination of whether a class of licensees should be moved from specific to general.
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Application of risk information to inspection and enforcement are potential areas for new
development.  Lessons can be learned from the application of risk information in the reactor arena.

4.3.3 Development of Safety Goals

An important adjunct to risk information when used for managing risks, is a set of safety goals that
assist the decision maker in determining whether safety objectives will be achieved.  The case
studies showed that implicit safety goals already exist in some materials use and waste arenas.
This provides encouragement for the feasibility of developing safety goals.  Some preliminary ideas
are presented in the next chapter of this report.
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5 SAFETY GOALS

This chapter presents the conclusions of the eight case studies with respect to the third objective
of the Case Study Plan [10]: determine the feasibility of safety goals in a particular area; if feasible,
develop safety goal metrics and a first draft of the goals, otherwise, document the reasons for
infeasibility.

5.1 Background

Safety goals are objectives designed to guide regulatory requirements and to help regulatory
decision-making in a manner consistent with NRC’s legal mandate of protection of the public, the
workers and the environment from the operation of licensed facilities, activities, and materials.  The
goals are statements of the NRC philosophy and approach to safety that provide the public with
a clear expression of the objectives underlying NRC regulatory actions.  However, safety goals are
not requirements.  They are, instead, indications of “how safe is safe enough” that should be used
to guide rulemaking, licensing, inspection, or enforcement actions.

There are currently two safety goals that have been approved by the Commission and both relate
to operation of nuclear power plants [44].  These goals are defined by limiting the risk arising from
the operation of power plants for two risk measures, early (or prompt) fatalities and latent cancers.
The goals are stated in both qualitative and quantitative terms. There are no other formal NRC
safety goals that have been explicitly stated in risk language. These approved goals were
developed over a six-year period (1980-1986) in which many interested parties were encouraged
to provide input to the purpose, character, and formulation of the safety goals.  This process
included two major workshops which involved representatives of the affected industry, researchers
in risk analysis, non-governmental special interest groups, social scientists, ethicists, regulators,
and members of nuclear review committees.  Several independent versions of safety goals were
developed by interested organizations and a multi-year trial use and applications by the NRC
followed before the final goals were approved in 1986.  The suitability of these goals have been
revisited by the Commission, its advisory committees and the NRC at various times over the past
15 years. 

In the Framework for Risk-Informed Regulation in the Office of Nuclear Materials Safety and
Safeguards, SECY-99-100 [4], it was noted that no policy statement exists for materials use and
disposal that would be the counterpart of the Commission’s “Safety Goals for the Operations of
Nuclear Power Plants Policy Statement”.  SECY-99-100 further noted that the absence of such a
policy statement represented an essential gap in the Commission’s plans to develop a risk
management foundation in the materials use and disposal areas. Hence, the SECY recommended
to the Commission the development of risk metrics and goals.

SECY-99-100 made the following observations with regard to risk management metrics and goals
for nuclear materials use and disposal: (1) risks from normal operations and accident conditions
should be considered, (2) alternatives to analogues of quantitative health objectives and subsidiary
risk goals for power operation must be contemplated, (3) worker protection from accidents must
be addressed, (4) NRC must accommodate shared functions with other agencies and standards-
setting entities in developing a risk management approach, (5) capability and resources of
licensees to participate in a risk-informed regulatory approach must be considered, and (6) a broad
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range of stakeholder input would be needed to effectively expand risk-informed regulatory
approaches in this area.

In accordance with the Staff Requirements Memorandum [7] for SECY-99-100, risk metrics and
goals should be developed that: (a) define what safety means in the materials area, (b) include a
goal on the avoidance of property damage, (c) defines critical groups for classes of materials use,
(d) gives due consideration to existing radiation protection standards, (e) allows for equivalent
levels of reasonable assurance of adequate protection across the spectrum of regulated materials
activities, and (f) is consistent with risk-informed approaches to nuclear power plant regulation.

5.2 Implicit Safety Goals in the Case Studies and Related Documents

One of the objectives of the case study approach was to determine whether safety goals already
appear, at least implicitly, in the particular topics that were chosen in the Case Study Plan. These
can be qualitative or quantitative goals, or both.  In this subsection, the implicit safety goals for
each of the eight case studies is presented.

5.2.1 Site Decommissioning

There are implicit goals that are contained in various documents.  For example in the Generic
Environmental Impact Statement [46], it is stated that regulations require licensees to
decommission their facilities so that property can be released for unrestricted use.  This can be
regarded as a top-level safety (and environmental) goal.  It expresses the notion that there are no
residual hazardous conditions remaining on the site that would preclude its future use for any
purpose. There is also a discussion in the GEIS specifically of returning a site to preexisting
background radiation conditions.  The GEIS recognizes that there are some facilities for which this
goal could be achieved. However, the GEIS also points out that there are some sites (e.g. with
contaminated soils and/or structures) for which it is not reasonable to, in terms of costs vs. impacts,
to achieve the preexisting background conditions.  For those sites, it is argued, there are competing
risks associated with doses that would be received during remediation activities and with
nonradiological hazards that would weigh against the benefits to be achieved for dose reductions
near the background level.

5.2.2 Transportation of Trojan Reactor Vessel Package

There was a bounding probability that was used as an acceptance criteria in the NRC’s review of
PGE’s Safety Analysis Report.  The probabilistic safety study showed that the most likely of the
accident scenarios was a TRVP barge collision with the TRVP lost overboard.  PGE developed a
recovery plan for this scenario.  Consequently the staff concluded “Since the probability of
accidents that could damage the package and lead to potential health impacts is less than 10-6,
these accidents were not evaluated by the staff.” In addition, the potential consequences
associated with the scenarios were anticipated to be low.  Therefore, the staff found the
probabilistic studies and results to be acceptable.  This tends to imply that a 10-6 probability of
health impact to an individual is at or below the safety goal level of risk.
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5.2.3 Storage of Spent Nuclear Fuel

No explicit safety goals were found in the current regulation 10 CFR Part 72.  However,  the Part
72 Statement of Considerations recognized that a less stringent seismic frequency is appropriate
for structures that are rather less massive than nuclear power plants.

5.2.4 Uranium Recovery

The Generic Environmental Impact Statement, NUREG-0706 [47], stated that: “Operation of
uranium mills and the management of mill tailings... [should]  appropriately assure the public health
and safety and the preservation of environmental values”.  Also SECY 99-100 notes that both
public and worker risks should be considered. It also provides four strawman safety goals for
consideration. 

Limits for NRC radiological concentrations and for air and water effluents, the EPA standard for
groundwater, and occupational protection guides and standards are suggestive of possible goals
in this area.

5.2.5 Gaseous Diffusion Plant

The regulation,10 CFR Part 76, states “protect the public health and safety from radiological
hazards and provide for the common defense and security.”  The Commission framework
document for risk-informed regulation in NMSS activities (SECY 99-100) also notes public and
worker risk, and provides four strawman risk metrics for safety goals.

The US Enrichment Corporation (USEC) estimated no additional increase of risk to the public heath
and safety from a three-month extension period for seismic modifications. Similarly, worker  risk
increases were predicted to be very low. Based on this risk information and compensatory
measures that USEC committed to maintain, the NRC staff concluded that the extension of the
seismic modification completion was acceptable because (1) the increased risk to public and
workers was not significant, (2) the risk would continue to decrease over time due to increased
seismic bracing completions, and (3) the compensatory measures minimized consequences.
Clearly, the staff decision implicitly considered that an acceptable level of safety was attained for
ensuring health and safety of workers and the public.

The Evaluation Basis Earthquake (EBE) with a 250-year return period was explicitly called for in
the Compliance Plan for achieving safety compliance with 10 CFR Part 76 and therefore, can be
suggestive of a safety goal.

5.2.6 Gas Chromatographs

Products intended to be distributed to persons exempt from licensing (e.g. the general public) must
meet specific safety requirements.  These specific requirements could be seen as safety goals for
these products.  The requirements which pertain to smoke detectors, and other gas and aerosol
detectors are found in 10 CFR 32.26, this is the category that is most similar to gas
chromatographs.  These regulations contain safety criteria that the device must meet which
include:
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(1) In normal use and disposal of a single exempt unit, and in normal handling and storage of
the quantities of exempt units likely to accumulate in one location during marketing,
distribution, installation, and servicing of the product, it is unlikely that the external radiation
dose in any one year, to a suitable sample of the group of individuals expected to be most
highly exposed to radiation or radioactive material from the product will exceed the dose to
the appropriate organ as specified in Column 1 of the table in § 32.28 (below).

Part of Body Column I
(rem)

Column II
(rem)

Column III
(rem)

Whole body; head and trunk;
active blood forming organs;
gonads; or lens of eye

0.005 0.5 15

Hands and forearms; feet and
ankles; localized areas of skin
averaged over areas no larger
than 1 square centimeter

0.075 7.5 200

Other organs 0.015 1.5 50

(2) It is unlikely that there will be a significant reduction in the effectiveness of the containment,
shielding, or other safety features of the product from wear and abuse likely to occur in
normal handling and use of the product during its useful life.

(3) In use and disposal of a single exempt unit and in handling and storage of the quantities
of exempt units likely to accumulate in one location during marketing, distribution,
installation, and servicing of the product, the probability is low that the containment,
shielding, or other safety features of the product would fail under such circumstances that
a person would receive an external radiation dose or dose commitment excess of the dose
to the appropriate organ as specified in Column II of the table in §32.28, and the probability
is negligible that a person would receive and external radiation dose or dose commitment
in excess of the dose to the appropriate organ as specified in Column III of the table in
§32.28.

In addition, the table contains the following explanatory footnote: “It is the intent of this paragraph
that as the magnitude of the potential dose increases above that permitted under normal
conditions, the probability that any individual will receive such a dose must decrease.  The
probabilities have been expressed in general terms to emphasize the approximate nature of the
estimates which are to be made.  The following values may be used as guides in estimating
compliance with the criteria: 

Low – not more than one such failure per year for each 10,000
exempt units distributed.

Negligible – not more than one such failure per year for each one million
exempt units distributed.”
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Thus, for products intended for exempt distribution, there are elements of both quantitative and
qualitative safety goals.

5.2.7 Static Eliminators

There are both explicit and implicit safety goals embedded in the regulations, guidance documents,
and sealed source and device registration certificates.  These goals are both quantitative and
qualitative.

Static eliminators containing a sealed source of no more than 500 microcuries of Po-210 may be
used in both consumer and commercial applications under a 10 CFR 31.3 general license.  The
device must be manufactured, tested, and labeled by the manufacturer in accordance with the
specifications of a specific license.  This implies that an acceptable level of safety is provided by
the quantity of the particular radionuclide, together with the physical properties of the sealed source
and device. 

Static eliminators may also be used in the commercial sector pursuant to 10 CFR 31.5.  The
regulations and the individual sealed source and device registration certificates for these devices
identify several quantitative safety goals.  According to 10 CFR 32.51, an applicant for a specific
license to manufacture a 10 CFR 31.5 device must submit information that is sufficient to provide
reasonable assurance that, under ordinary conditions of handling, storage, and use of the device,
the byproduct material contained in the device will not be released or inadvertently removed from
the device (i.e., zero release).  This is quantified in the regulations through the specific leak test
threshold of 0.005 microcuries of removable contamination.  Also, the manufacturer must
demonstrate that, under ordinary conditions, it is unlikely that any person will receive in 1 year a
dose that exceeds 10% of the annual occupational dose limits for adults specified in 10 CFR
20.1201(a).  

Additionally, 10 CFR 32.51 requires that, under accident conditions (such as fire or explosion)
associated with handling, storage, and use of the device, it is unlikely that any person would
receive an external radiation dose or dose commitment in excess of the dose to the appropriate
organ as specified in Column IV of 10 CFR 32.24 (15 rem to the whole body, head and trunk, active
blood-forming organs, gonads, or lens of the eye; 200 rem to the hands and forearms, feet and
ankles, or localized areas of skin; 50 rem to other organs).  A review of the registration certificates
for these devices indicates that the reviewer’s safety evaluation of each device is based on the
applicant’s ability to demonstrate conformance to these requirements.

Several qualitative safety goals may also be identified.  Review of the registration certificates
indicates that the devices should be designed so that the user of the device will not come into direct
contact with the sealed source.  Also, the registration certificates indicate that the devices should
only be used in environments that will not lead to degradation of the containment capability of the
sealed source. 

In 1988, the NRC issued a series of orders to a particular manufacturer and distributor of static
eliminators, Minnesota Mining and Manufacturing Company (3M).  The orders required 3M to
suspend distribution and to recall static eliminators employing Po-210 in the form of “microspheres”
as the source.  These devices were being used in commercial manufacturing applications.
Evidence indicated that the sealed sources were failing and the microspheres were being released
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from the devices, thereby resulting in contamination of the manufacturing environment, workers
and other individuals in the manufacturing environment, and possibly the manufactured products.

A review of the agency’s records indicates that the decision to issue the recall orders was based
on the evidence of release of the radioactive material from the sealed source device, and the
subsequent contamination of the immediate environment, workers and others in the environment,
and the products being manufactured.  While the risks associated with the contamination are not
evident, the chronic failure of the devices and the resulting contamination were sufficient to support
the recall orders.  A safety goal of zero release from a sealed source may, therefore, be inferred
from this decision.

5.2.8 Fixed Gauges

There are qualitative safety goals in 32.51, to the extent that we have been approving gauges for
distribution if they meet the safety requirements, i.e. they are safe enough.  These requirements
are that (1) the device can be safely operated by persons not having training in radiological
protection; (2) that under ordinary conditions of handling, storage, and use, it is unlikely that any
person will receive a dose in excess of 10 percent of the annual limits specified in 20.1201(a); and
(3) that under accident conditions it is unlikely that any person would receive a dose in excess of
the dose specified in Column IV of the table in 32.24.  However, the term “unlikely” is open to
interpretation by  the reviewer, and it is left to the individual reviewer to decide what accident
scenarios to accept.  Whether the dose numbers given in these limits are appropriate as safety
goals is not clear at this time, but the idea of considering dose in both normal and accident
conditions is consistent with a safety goal.  

SECY-00-0137 [48], “Response to Staff Requirements Memorandum Dated December 21,1998--
SECY-98-232 -- Seaman Nuclear’s Application to Distribute Portable Gauges to General
Licensees” [49], documents the staff’s use of risk information in deciding the appropriate licensing
category for a portable gauge.  The staff reviewed NUREG/CR-6642, as well as documented data
on events involving portable nuclear gauges, and made a risk informed decision to deny the
application.  While the device in this case was not a fixed gauge, the case does provide an example
of what risk the staff felt was acceptable, and what types of accident scenarios need to be
evaluated.  

5.3 Feasibility of Developing Safety Goals

At the NRC Stakeholder Meeting [15] that was held on October 25, 2001, there was
encouragement for the development of safety goals in the nuclear materials use and waste areas.
Members of public interest groups and of the nuclear industry both endorsed the development of
safety goals.  In order to attain acceptance of safety goals, broad stakeholder input and
participation must be sought during the development process.

Safety goals are only one element, albeit an important one, in developing a risk-informed
framework for nuclear materials use and waste.  As suggested in a joint letter from the ACRS and
the ACNW to the Commission [50], there is much less experience in the application of probabilistic
risk assessment methods to nuclear materials than there is for power reactors.  Even in the reactor
arena, various compensatory measures, such as defense-in-depth and safety margins, have to be
employed to deal with issues of uncertainty and the inability to adequately quantify risk.  The
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ACRS/ACNW letter indicates that although materials systems are not as complex as reactors in
terms of assessment of risk, there is much greater diversity in materials licensed activities. 

The long time periods involved in the some of the materials use and waste areas introduces a
different element of uncertainty that perhaps can be compensated for, in part, by defense in depth
concepts. In SECY-99-100, the staff addressed issues related to both risk assessment and risk
management, i.e., establishment of appropriate goals and metrics for risk to appropriate individuals
and groups, for NMSS regulated activities.

In the nuclear materials use and waste area, the risk to the workers involved with these facilities
and processes is significant relative to the risks to the general public in the nearby vicinity.  In
addition, for some of these areas, chemical risks dominate the radiological risk.  These factors
need to be recognized in the development of an overall risk management program in these areas.

The eight case studies have clearly shown that risk assessment methods have been used in
several of the areas (Trojan vessel shipment, seismic upgrade at Paducah, DOE/INEEL TMI-2 fuel
debris storage) and that other five are candidates for additional risk-informed decision making.
Existing risk assessment methods can be adopted or modified from the reactor area, in some
cases, for application to materials use and disposal.  The NRC staff has already shown [51] how
performance assessment, a form of probabilistic risk assessment, can be used in risk-informing
the high level waste, low level waste and decommissioning areas.

The information presented here should be regarded as preliminary.  Further progress in this area
is anticipated during FY 2002.  Some of the issues that will be addressed are:

• Individual and Societal Goals

• Voluntary and Involuntary Risks

• Worker and Public Risks

• Non-radiological Hazards of Facilities and Operations

• Operational-Phase Risk and Long-Term Risk

5.4 Approaches to Developing Safety Goals

Safety goals can be either qualitative or quantitative or embody elements of both. Qualitative goals
can be posited in a language that is readily understandable by the public.  Quantitative goals can
be expressed in terms of parameters that are easily understandable by the public (likelihood of an
undesirable health effect) or in terms of parameters that relate to engineering features of the
technology (likelihood of failure of an engineered barrier). Further, safety goals can be related to
natural characteristics of a site and its performance with regard to protection of the public and the
environment.

The safety goals developed for nuclear power plants in the 1986 Safety Goal Policy Statement has
a hierarchical structure comprised of three tiers: a top, qualitative tier which is followed by a
quantitative tier which is, in turn, supported by subsidiary objectives.
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Another, perhaps complementary approach has been advanced by the United Kingdom Health and
Safety Executive [52].  In that body of work, quantitative limits and quantitative objectives are put
forth for consequences to the public and workers associated with all phases of nuclear power
generation. Risk management is implemented by not allowing a licensee to operate if the limit is
exceeded and by not requiring further risk reduction if the objective is achieved.  Between the limit
and the objective the licensee would reduce risk to as low as reasonably practicable.

In Japan, a safety goal program [53] is now underway and it includes activities similar to those that
NMSS regulates as well as nuclear power plants.  At the time of this writing, that program is in its
early stages, but there are indications that the Japanese regulatory body and the NRC are thinking
along similar lines.

5.5 Proposed Draft Safety Goals

The proposed first draft of safety goals presented here follow the general structure of the safety
goals for the operations of nuclear power plants. This is in accord with the NRC objective [54]: to
establish goals across the spectrum of regulated materials activities in a manner consistent with
acceptable risk in the area of nuclear power plant regulation.

This section presents qualitative safety goals that are supported by quantitative objectives.
Further, in order to suggest how to use the proposed goals in regulatory decision-making,
subsidiary objectives are defined for the various categories of application in the nuclear materials
use and disposal areas. The focus is on the risks to the public and workers from nuclear materials
use and disposal and on risks to environmental and property damage.

As previously stated, the safety goals presented here are preliminary.  Further development of
these goals is necessary.

5.5.1 Qualitative Safety Goals

The qualitative safety goals established by the Commission’s Safety Goal Policy Statement [44]
for the Operation of Nuclear Power Plants are:

• Individual members of the public should be provided a level of protection from the
consequences of nuclear  power plant operation such that individuals bear no significant
additional risk to life and health.

• Societal risks to life and health from nuclear power plant operation should be comparable
to or less than the risks of generating electricity by viable competing technologies and
should not be a significant addition to other societal risks.

The first goal is based on individual risk while the second goal is societal.  As shown below, in the
translation of these qualitative goals into quantitative health objectives, the first goal is evaluated
through limiting the risk of acute (life threatening) radiation exposure while the second goal is
assessed through limiting latent cancer risks.  Both goals, however, apply to the general public
living in the vicinity of a nuclear power plant.
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In nuclear materials use and disposal, however, the workers are the population that bears a
significant portion of the risk and SECY-99-100 has indicated that the risk metrics and goals must
address the safety of workers.   The SRM [7] to SECY 99-100 also indicates that the "NMSS
framework should include as a goal the avoidance of property damage".  Additionally, in the area
of nuclear materials disposal such as site decommissioning, the Commission has established
regulatory limits on exposure based on the notion of a "critical group", i.e., the population living on
or in the vicinity of a decommissioned site.

Accordingly, the qualitative safety goals for nuclear materials use and disposal proposed below
address both the public and the worker and, to be broadly consistent with the reactor safety goals,
are couched in terms of both individual and societal risks.  The goals are as follows:

Individual:  Nuclear materials use and disposal do not pose a significant
additional risk to life and health of individual members of the public, and to
workers associated with these activities.

Societal:  Societal risks to life and health from nuclear materials use and
disposal are not significant additions to other societal risks, and the benefits
of the use greatly outweigh the risks.

The property damage goal that also includes an environmental damage goal is expressed
qualitatively as follows:

Property/Environmental Damage:  Nuclear materials use and disposal should
not result in environmental or property damage in excess of other means of
achieving a similar end objective that is deemed beneficial to society.

5.5.2 Quantitative Objectives for Gauging Achievement of the Goals 

A.  Quantitative Health Objectives (QHO)

In the reactor Safety Goal Policy Statement [44], the Commission proceeded to specify the risk
measures in which the qualitative safety goals would be couched and then defined what "no
significant additional risk" meant in quantitative terms.  In so doing, the qualitative safety goals are
transformed into quantitative health objectives (QHOs).  

The individual risk goal for the public is stated in terms of the risk of prompt fatality due to acute
radiation exposure: "The risk to an individual in the vicinity of a nuclear power plant of prompt
fatality that might result from reactor accidents should not exceed one-tenth of one percent (0.1
percent) of the sum of prompt fatality risks resulting from other accidents to which members of the
U.S. population are generally exposed."  
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This goal can be taken over directly to the nuclear materials use and disposal area and stated as:

Individual Public Acute (QHO 1): The risk to an individual member of the
public in the vicinity of a facility, site, or activity of prompt fatality due to
acute radiation exposure that might result from accidents involving nuclear
materials use and disposal activities does not exceed one-tenth of one
percent (0.1 percent) of the sum of prompt fatality risks resulting from other
accidents to which members of the U.S. public are generally exposed.

The 0.1 percent expresses in quantitative terms what is implied by "no significant additional risk"
in the qualitative goal.

The societal risk goal for the public from reactors is stated as: The risk to the population in the area
near a nuclear power plant of cancer fatalities that might result from nuclear power plant operation
should not exceed one-tenth of one percent (0.1 percent) of the sum of cancer fatality risks
resulting from all other causes.  This goal recognizes that the health risk arising from radiation
exposures that are below the prompt fatality threshold are latent cancers and that the qualitative
goal of no "significant addition to other societal risks" is expressed through the limit of 0.1 percent
of cancer fatality risks from all other causes. While this goal is literally an individual risk goal, it has
been used a surrogate for a societal goal. Provisionally, this distinction will be recognized here: an
individual public latent fatality goal, QHO 2, will be distinguished from a societal goal, identified as
QHO 3 (see below).

The individual latent fatality goal, QHO 2, for the public can also be taken over from the second
quantitative health objective for reactors to the nuclear materials use and disposal area and
expressed as follows:

Individual Public Latent (QHO 2):  The risk to an individual in the vicinity of
a facility, site, or activity of cancer fatalities that might result from nuclear
materials use and disposal does not exceed one-tenth of one percent (0.1
percent) of the sum of cancer fatality risks resulting from all other causes.

A societal goal, QHO 3, expresses the cumulative risk to the public in a risk-benefit context. The
thoughts presented here are preliminary and additional discussion of this topic can be found in
Appendix B of this report.

Societal Public (QHO 3): The cumulative risk (expected value) of acute plus
latent fatalities for a nuclear materials application is much less than the
benefit of that application.

(Nuclear materials use and disposal also involve transportation of nuclear materials, including spent
fuel and waste, and accidents can potentially occur at any point along the transport route.  Hence
the qualifiers "near" and "in the vicinity" that are applied to the safety goals above will be suitably
qualified to reflect the population in the vicinity of the transportation route.)

The QHOs for worker exposure are based on the consideration that the phrase "no significant
additional risk" for workers stated in the qualitative safety goal implies a comparison with the risk
faced by workers in general in the U.S. Stakeholders should address the determination of an
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appropriate fraction of industrial risks that should be adopted as a goal by the NRC in controlling
worker risks in the materials area.  There are also jurisdictional issues concerning other agencies
such as OSHA.  Three strawmen QHOs, one for prompt fatality, one for latent cancer, and one for
injuries to workers in nuclear materials use and disposal activities are proposed as follows:

Individual Worker Acute (QHO 4): The risk of prompt fatality to any worker
arising from a nuclear materials use and disposal activity does not exceed
one percent (1 percent) of the sum of prompt fatality risks that U.S. workers
are generally exposed.

Individual Worker Latent (QHO 5): The risk of latent cancer to workers from
nuclear materials use and disposal activities does not exceed a small fraction
of the risk of cancer of workers in other hazardous material industries. 

In QHO 4, the use of 1 percent of the sum of prompt fatality risks in U.S. industry generally is
believed to represent a compromise between two possible extremes.  A very stringent limit such
as 0.1 percent might come into conflict with the corresponding public limit of 0.1 percent in QHO
2.  On the other hand, a much looser limit such as simply "should not exceed the sum of prompt
fatality risks to workers generally" might not adequately reflect the high levels of safety adopted in
the nuclear industry.   However, this is an area that needs to be further explored. It is also
recognized that workers in the nuclear materials use and disposal facilities are potentially exposed
to chemical and other hazards in addition to radiation.

Regarding the quantitative aspect of QHO 5, it would be useful to examine data on worker risk from
hazardous materials in the chemical industry or in Department of Energy facilities to develop a
suitable percentage limit.  A quantitative expression of  "a small fraction" may be something on the
order of 10 percent, reflecting the more rigorous level of safety in the nuclear industry.  Another
area for stakeholders to explore is whether other chronic disease outcomes besides cancer should
be included in the cohort to which the "small fraction" is applied.  For example, such diseases
include asbestosis, chronic beryllium disease, etc., for which considerable data exists in the public
domain.

There is a possibility of a permanent or temporary severe injury to workers from radiation exposure.
Such injuries have occurred in the past in licensed activities like field radiography (see Appendix
A.6) from exposures that are severe enough to cause radiation burns requiring extensive medical
treatment and rehabilitation but are below the threshold for a prompt fatality.  These severe
exposures may lie in a range from 25 rem to 200 rem whole body and about 300 rem to 1000 rem
to an extremity.  Thus, a worker severe injury goal is proposed here.

Worker Severe Injury (QHO 6): The risk of severe injury to workers from
inadvertent or accidental exposure to nuclear materials is a small fraction of
the corresponding risk of severe injury to workers in other hazardous
industries.  (A quantitative goal is currently under consideration).
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B.  Quantitative Environmental Objective (QEO)

Protection of the environment is an essential requirement in all areas of the nuclear enterprise that
are regulated by NRC [55].  Contamination or scarring of land as a result of normal, intended
activities or as a result of upset conditions must be minimized.  The License Termination Rule [19]
for decommissioning of nuclear facilities sets forth clear and stringent requirements for returning
land for unrestricted use in the long term.  The Uranium Mill Tailings Radiation Control Act of 1978
[56] (PL 95-604) is specifically aimed at preventing or minimizing radon diffusion into the
environment and minimizing other environmental hazards from mill tailings.  Similarly, the Nuclear
Waste Policy Act [57] (PL 97-425) for the disposal of high-level radioactive waste and the Low-
Level Radioactive Waste Policy Amendments Act of 1985 [58] (PL  99-240) are structured to
assure that the environmental risks from nuclear wastes are minimized.  Finally, the National
Environmental Policy Act [59] (PL 91-190) is aimed at preventing or eliminating damage to the
environment and biosphere and requires NRC and other agencies to use a multidisciplinary
approach to decision making and to consider all types of risks and benefits to the environment (and
humans).

Accordingly the quantitative environmental objective is as follows:

Environment/Property Damage (QEO): The risk of environmental or property
damage that is implied by a particular materials use or disposal activity is
clearly less than the sum the risks from all other activities aimed at achieving
a comparable societal benefit.

5.5.3 Subsidiary Objectives

A.  Introduction

Subsidiary objectives are an essential element of a risk management program because they are
the figures of merit that can be most directly estimated with regard to the intention of the
overarching safety goals.  For example, in the case of nuclear power plant operation, the subsidiary
objectives are the core damage frequency (CDF) and the large early release frequency (LERF).
These objectives can be estimated by performing a probabilistic risk assessment of the plant in
question and then comparing these computed values with the criteria set for these objectives.  The
numerical criteria for CDF and LERF are selected to be consistent with the safety goals and thus
a determination of whether the plant meets the goals can be made by this indirect process.

The safety goals structure that exists for the nuclear power plants is a three-tier paradigm.  The
first tier is the qualitative statement of the goals, the second tier contains the quantitative health
objective and the third tier is represented by the subsidiary objectives that can be computed in a
probabilistic risk assessment (PRA). The regulation of power plants is not done via PRA. Rather,
it is done at a lower level of aggregation, here termed the "fourth tier" which describes and specifies
the rules, regulations, and guidance for systems, structures, components, and operations.  These
latter entities are more directly measured and verified in the regulatory arena. PRAs are an
effective means of aggregating the net result of achieving a given level of performance within the
multiplicity of parameters within the fourth tier.  They are in fact now being used in a risk-informing
process to help guide regulatory decisions.
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For the materials use and disposal areas, PRAs have not yet been performed that provide the
same degree of aggregation of fourth tier performance as they do for reactors.  In some areas,
comprehensive PRAs are not warranted because the overall system structure is not complex
enough to require a four-tier structure. For example, in long-term site release of a decommissioned
facility, residual concentrations of radionuclides imply a residual dose that, in turn, implies a
residual health risk (to a potentially exposed individual). As discussed below, this example can be
structured into (at most) a three tier, or even a two-tier paradigm. 

B.  Proposed Subsidiary Objectives

In this section, subsidiary objectives are proposed that can be compared with estimates of the risks
for the various facilities regulated by the NRC in the materials use and disposal areas. The list of
subsidiary objectives presented here is not meant to be complete.  In fact, the intention is not to
be overly prescriptive.  Rather, they are being presented in the spirit of a discussion paper - to be
refined and modified by additional examination of the technical areas and of the overall objectives
of this activity. Stakeholder input will be sought on this topic in the next phase of this program.

In order to facilitate the presentation of the subsidiary objectives, it is useful to compare the nuclear
materials use and disposal area with nuclear power plant operations in the context of the three-tier
structure for safety goals.  This is illustrated in Table 5.1.

Table 5.1:  Three-Tier Safety Goal Structure

Reactor Operations Material Use & Disposal

Tier I:

Qualitative Goals

• Risk to Individual

• Societal Risk

• Risk to Individual/Society,
   including public and workers

• Environmental and Property
   Damage Risk

Tier II:

Quantitative Goals

• Prompt Fatality Risk

• Cancer Fatality Risk

• Quantitative Health Objective
   (QHOs)

• Quantitative Environmental
   Objective (QEO)

Tier III:

Subsidiary Objectives

• Core Damage Frequency

• Large Early Release 
    Frequency

Chronic Episodic

* mrem/yr See Table 5.2

In this table the relevant risk measures are compared for each tier of the three-tier structure. At the
third tier, the materials use and disposal area is divided into two components.  This is done
because the chronic risk due to the residual condition of a facility or use must be distinguished from
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the episodic ("what can go wrong?") risk that arises from potential upset conditions at the facility
or for the use in question.

For the chronic subsidiary objective, we have chosen a radiological dose as the figure of merit.
The actual numerical value, shown here as *, could be a number in the range (approximately) of
4 to 40.  Note that a chronic dose directly implies risk if one uses the BEIR V conversion factor from
radiation dose to cancer fatalities.  The choice of 4 mrem/yr corresponds to a latent cancer risk of
one tenth of one per cent of the cancer risk from all causes in the U.S. population (the latent cancer
quantitative health objective of the existing safety goal for reactor operations).  Similarly, a goal of
40 mrem/yr would correspond to one per cent of the cancer risk in the U.S. population.  The all
pathways dose criterion of 25 mrem/yr for long-term site release in the License Termination Rule
[19] and the criterion of 15 mrem/yr promulgated by the U.S. Environmental Protection Agency are
bracketed by this range.  The subsidiary objective proposed here is a goal, to be aspired to, and
not a criterion to be complied with.  If this goal were intended to be consistent with the dose inferred
from the quantitative (societal) health objective for nuclear power plants, then a selection of a
numerical value close to the low end of the range would be appropriate.  This issue would benefit
from input from stakeholders.

The subsidiary parameters for the episodic events are presented in terms of upset events for each
of the specific areas noted above in terms of engineering or process failures and their
corresponding likelihoods.  In this draft document, only the qualitative structure of each subsidiary
objective is given.  In a subsequent draft, trial values will be proposed.  In addition, these
parameters should be reviewed for their adequacy of embracing the intent of the qualitative and
quantitative goals and the practicality of estimating these parameters for specific applications.
Hence, they are being presented in the spirit of a "strawman" and are subject to (drastic) revision.

Table 5.2:  Use or Facility vs. Subsidiary (Episodic) Objective

USE OR FACILITY SUBSIDIARY OBJECTIVE  -  Likelihood of ...

Uranium Milling Yellowcake and Chemical Release

In Situ Leaching Yellowcake and Chemical Release/Groundwater Excursion

Fuel Conversion Yellowcake Release/ UF6 and other Chemical Release

Fuel Enrichment UF6 and other Chemical Release 

Fuel Fabrication Large Radiological and Chemical Release/ Criticality

Industrial Uses Radiation Dose to Workers/Public

High Level Waste Failure of Waste Isolation (also see new 10 CFR 63)

Low Level Waste Release from Waste Disposal Unit

Mill Tailings Release from Impoundment Area

Transportation Loss of containment, shielding, and/or criticality control

Decommissioning Dose

Spent Fuel (Pool) Fuel Damage/  Release

Spent Fuel (Dry Storage) Loss of confinement, shielding, criticality control, and/or fuel retrievability

Reactor Operation Core Damage/ Large Early Release
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The subsidiary objectives proposed in Table 5.2 should be regarded as the analogues to the core
damage frequency or the large early release frequency of the reactor operations area.  The
objective, in each case of materials use and disposal, is chosen to characterize the engineering
or process barrier that must be maintained in order to provide reasonable assurance of adequate
protection.  The objectives are set at a level that is high enough to allow flexibility to the owners and
operators to maintain safety in a performance-based manner.  They are also set low enough to
capture and manage the risk associated with the particular technology.  Each objective is briefly
discussed below.

Uranium Milling: The main concerns here are the dispersal of yellowcake powder as a result of an
upset condition and the potential release of chemical that are used in the milling process.

In Situ Leaching: The main concern is again the dispersal of yellowcake powder and the potential
for release of chemicals used in the leach process.  There is also a potential for environmental
damage to the aquifer due to an excursion of the extraction solution (lexiviant) from the ore body.

Fuel Conversion:  The concern is again with yellowcake, which is the input to this process and with
UF6 that may be accidentally released from the storage bottles at the output of this process. Other
chemical, used in this process, may serve as risk parameters as well. 

Fuel Enrichment: Release of UF6 from storage bottles (both enriched and unenriched) and from
the cascades are primary concerns. In addition, chemical releases of HF and UO2F2 must be
considered whenever UF6 comes into contact with moist air.

Fuel Fabrication:  Radiological release associated with various aspects of the conversion of UF6
to UO2 pellets and chemical releases are the concerns.  In addition, there is a potential for
criticality here that may warrant special attention.

Industrial Uses: Radiation doses to workers and the public associated with particular industrial
processes are the concern.

High Level Waste: The loss of waste isolation is selected as the figure of merit to measure
repository performance.  For preclosure activities, a radiological release characterization may be
more suitable. Note that the new 10 CFR 63 intends to be more performance-based by prescribing
dose limits rather than performance requirements related to the engineered and geologic systems
at Yucca Mountain.  This is not necessarily in conflict with having goals for the engineered and
geologic systems.  The latter could be helpful in the development of a risk management program
for DOE (and NRC). Compliance with the regulations would be achieved at a higher level of
performance (i.e. the dose limit).

Low Level Waste: Radiological release from the waste disposal unit is chosen as the parameter
to gauge facility performance.

Mill Tailings: Radon release from the impoundment area is the essential hazard for this objective.

Transportation:  The potential concerns are: loss of containment of the hazardous material being
transported, failure of the shielding to perform its function, or, for certain materials, criticality.
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Decommissioning:  Radiological release from a decommissioned site is the concern, particularly
for one that has achieved only restricted site release, and thus has the potential for the failure of
institutional or physical barriers.

Spent Fuel (Pool): While not categorized with materials use and disposal, it is useful to provide an
integral picture across nuclear activities.  Here the concerns are with fuel damage and the potential
for a radiological release.

Spent Fuel (Dry Storage): As above, this objective is illustrated for cohesiveness of presentation.
Breach of the storage cask and potential for radiological release are the concerns.

Reactor Operation: For completeness and perspective, the established objectives for this case are
included here.

5.6 Responses to Case Study Questions on Safety Goals

These questions are contained in the Case Study Plan [10] and the responses, below, are based
on the proposed first draft safety goals that are presented in Section 5.5, above.

1.  Are the current regulations sufficient in that they reflect the objectives of the proposed
first draft goals? Would major changes be required?

From examination of the risks reported in the matrix presented in Appendix B, it can be seen that
for prompt fatalities to the public or to the workers, the proposed first draft safety goals would be
easily met for most of the nuclear materials use and waste areas.  Only the irradiators show a small
risk contribution for workers.  This risk, however, is a small fraction of occupational risk and thus
this safety goal (if a specific numerical value is adopted) is likely to be met.  For the gaseous
diffusion plant, there is a potential, not assessed here, of prompt fatalities to workers due to a
criticality event.  For latent cancer risk to individual members of the public, the goal is 2E-6 per
year.  It can be seen that about half of the entries are below this goal (by an order of magnitude
or more) and that half of these entries are above the goal (by up to approximately an order of
magnitude).  Notably uranium recovery and field radiography are above the goal and gas
chromatographs, dry cask storage, and gaseous diffusion plants are below the goal.

Clearly, for those facilities and operations that are below the goal, the objectives of the goals is
reflected.  For those above the goal, while the residual risk above background (100-300 mrem/yr)
is less than the contribution from the latter, areas for possible improvement in the regulatory
approach may be suggested.

Draft goals related to the workers do not currently have counterparts in the NRC regulations. The
exposures covered under 10 CFR 20 are regulatory limits for determining compliance, not goals.
Other-agency jurisdiction for non-radiological accident conditions would need to be examined for
consistency with these draft goals.

The environmental goals are new and tentative.  As such, they have no direct touchstones with
existing regulations. It is worth noting that potential safety goals related to land contamination have
been discussed for reactor accidents for some time now.  In the Staff Requirements Memorandum
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[55] on SECY-00-0077, the Commission disapproved the NRC staff’s recommendation that the
Safety Goal Policy Statement include “there be no adverse impact on the environment.”

2.  Would the regulations need to be tightened?

As discussed above, adequate protection appears to be assured for several of the NMSS
application indicated in the risk matrix given in Appendix B.  Tightening of regulations may be
warranted for field radiography on the basis of the comparison with the goals and from the
operational history in this area.  The regulations for uranium recovery may bear further scrutiny.
However, conventional mills are mostly no longer operational and in situ leach facilities tend to be
in remote locations (thus limiting the population risk). 

If the suggestions for worker protection and environmental protection were to be adopted, then it
is possible that an associated regulatory framework would need to be developed.

3.  Are the regulations overly conservative and/or too prescriptive with respect to the goals?

The current requirement in 10 CFR Part 72 was overly conservative with respect to seismic design.
While the conservatism of current regulations in other areas of Part 72 was not evaluated in this
case study, preliminary results from the dry cask storage risk assessment may indicate that the
risks are reasonably low and that some relaxation of regulations may be warranted.

For conventional uranium mills, the regulation (10CFR 40, Appendix A) is rather prescriptive, yet
the risk is on the higher side of the NMSS regulated activities (see Appendix B).

The case study on the Trojan Reactor Vessel Package pointed out that the Type B package
accident requirements in 10 CFR Part 71, for this atypical package, was overly prescriptive.  The
recent risk assessment for spent fuel transportation (NUREG/CR-6672) indicates relatively low
risks, but further review is warranted.

For sealed sources and devices, the regulations are generally not overly conservative.  However,
the scope of devices reviewed by the staff is broad; therefore, in assessing the conservatism of the
regulations, the specific radionuclides and the health risks they pose would need to be considered.

With regard to decommissioning, the License Termination Rule is not prescriptive because it is
dose-based and does not set concentration limits.  The License Termination Rule is consistent with
the proposed draft safety goals.

The current requirement in 10 CFR Part 76 for seismic design was not overly conservative with
respect to the goals and was consistent with the proposed safety goals.

4.  If these were the safety goals, what decisions would be made?

Generally, the case studies indicated that safety goals would be helpful to the staff in making
decisions that are consistent and commensurate with the risk that a device, facility, or activity
presents.  For example, the safety goals could be useful in the case-by-case decisions (in the
absence of a 10 CFR 41) being made for in-situ leach facilities.  The development of an improved



49

risk management program for field radiography may be suggested.  Risk management for site
decommissioning would proceed unchanged.

5.  Would these goals be acceptable to the public?

At the Stakeholders Meeting [15] held on October 25, 2001, there was general agreement by the
stakeholders that NRC should proceed with development of safety goals in the nuclear materials
use and waste area.  The format of these goals, as presented in Section 5.5 without specific
parameters suggested, was not a point of objection by the stakeholders.  These goals are cast in
a framework similar to the one that has been in existence for over 15 years for nuclear power
plants.  However, further stakeholder involvement will be necessary as safety goals are developed
and their implications understood.
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6 METHODS, DATA, AND GUIDANCE

This chapter is devoted to the fourth objective of the Case Study Plan, that is, to identify the gaps
in the tools, methods, data, and guidance required to risk inform the activities of NMSS.

6.1 Background 

In order to bring risk insights to a particular assessment or decision, a method is needed to
calculate the risk of the condition or activity in question.  There are a wide range of activities and
conditions for which risk tools have been used to calculate risk.  The scope, depth of analysis, end
products, and mode of inquiry are essential aspects of a risk assessment that define the particular
methodology.  For example, in the area of health science (or environmental) risk assessment, the
top level approach is to address:

• Hazard identification
• Dose response assessment
• Exposure assessment
• Risk characterization

These four activities are well suited to a situation in which a hazard is continuously present (this
could be regarded as a “chronic” risk) and the risk needs to be evaluated.  

For engineered systems, the favored top level approach to risk assessment addresses the so-
called risk triplet:

• What can go wrong?
• How likely is it?
• What are the consequences?

This approach is naturally suited to “episodic” risks, where something fails or breaks, a wrong
action is taken, or a random act of nature (such as a tornado or a seismic event) occurs.  This is
the approach that has been taken, with much success, in probabilistic risk assessments of nuclear
power reactors.  The NRC White Paper on Risk-Informed and Performance-Based Regulation, [2],
has an evident orientation toward reactor risks that are episodic in origin.  The White Paper does
note that risk insights are also derived from “predicted dose from decommissioned sites”.

The environmental risk assessment methodology and the engineered system methodology do have
elements in common, particularly in the dose and exposure areas.  Further, in the development of
physical and biomedical models in the environmental area, uncertainties in the parameters of the
models and the models themselves are expressed probabilistically.  This is also sometimes the
case in the engineered system area.

Thus, the kind of analytical methodologies that will be most useful for analyzing risk depends on
the activity and system under review in the materials and waste areas.  As noted above, there is
a difference between activities and systems that are operational in which the episodic risk is
applicable, i.e., what can go wrong, how likely is it, and what are the consequences, and areas that
pertain to post-decommissioned facilities where the risk is due to materials that are incorporated
in the background.  In operational facilities, probabilistic or quantitative risk assessment is the
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generally the method of choice and the tools such as failure modes and effects analysis (FMEA)
are employed along with release and exposure models to estimate risk.  A second difference
pertains to the likely modes of release and exposure.   Different release and exposure models
could be required depending on whether the release is to air, water, or land and what the dominant
mode of exposure is, inhalation, ingestion, or submergence in a shine mode.  For many of the
byproduct materials facilities, such as sealed sources, static eliminators, radiography, irradiators,
etc., the dominant mode of exposure is due to loss of shielding.  A second mode is dispersal of
material due to a fire or a mechanical impact.  Chemical releases and modes of exposure,
ingestion or inhalation, are other important areas of analysis in some NMSS licensed facilities, such
as uranium mills and fuel fabrication plants.

6.2 Outline of Risk Methodologies in the Materials and Waste Areas

SECY-99-100 classifies the activities of NMSS into four groups and associates various risk
assessment methods with each group (see Attachment 2 of the SECY):

(1) Performance assessment (PA) is identified as the method of choice for evaluation of the
risk posed by activities that involve long-term commitment of a site or facility to the
presence of nuclear material at a planned acceptable level.  This group includes a high
level waste repository, low level waste disposal, site decommissioning, and uranium mill
tailings reclamation.  SECY-99-100 defines PA to be a type of systematic safety
assessment that characterizes the magnitude and likelihood of health, safety, and
environmental effects of creating and using a nuclear waste facility which can be used to
show compliance with long-term performance objectives for such facilities.

(2) Probabilistic risk assessment (PRA) can be used for activities that involve the use of
engineered systems to isolate nuclear material under normal and off-normal conditions.
Spent fuel transport and storage are identified as activities that comprise this group.

(3) Integrated safety assessment (ISA), a technique developed for the chemical process
industry, is a hazard identification and assessment methodology that allows for flexibility in
the scope and detail of the analyses depending on the magnitude of the hazards and the
nature of the system.  Fuel fabrication, enrichment, and mining and milling of source
material that present both chemical and radiological risks constitute the activities in this
group.

(4) Hazard/Barrier analysis as applied in the Nuclear Byproduct Material risk assessment
methodology is identified in SECY-99-100 as the method for activities that involve the use
of sealed or unsealed byproduct material in industrial and medical applications.  These
activities include: irradiators, radiography, well logging, static eliminators, medical uses of
radiation for diagnosis and therapy, gauges and measuring devices, etc.

6.2.1 Performance Assessment

Performance assessment (PA) is the method of choice for evaluation of the risk posed by a high
level waste repository.  SECY-99-100 defines PA to be a type of systematic safety assessment that
characterizes the magnitude and likelihood of health, safety, and environmental effects of creating
and using a nuclear waste facility.   Upon reviewing some applications of performance assessment,
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PRA and PA appear to be very similar methodologies.  In a recent paper, Eisenberg, et. al. [27]
state the connection very succinctly and directly: “performance assessment is a probabilistic risk
assessment method applied to waste management”.   Further, in a paper on this subject, Garrick
[60], notes that: (PRA) is identified with the risk assessment of nuclear power plants, probabilistic
performance assessment (PPA), or just PA, is its counterpart in the radioactive waste field. He
adds that in the mid-1990s the USNRC began to equate PRA with PA.

6.2.2 Probabilistic Risk Assessment

Probabilistic risk assessment or PRA has been used extensively for risk assessment of nuclear
power reactors.  In NMSS, PRA has been used for estimating the risk from transportation of spent
fuel (NUREG/CR-6672) [30].  A study using PRA is also underway in the Office of Nuclear
Regulatory Research [28] for estimating the risk from dry storage casks containing spent fuel.
Attachment 1 to SECY-98-138 states that the “staff sponsored a study that applied PRA methods
to a new medical technology”.  This study was a first step in gaining insight into the feasibility of
applying PRA technology to medical devices.  SECY 99-100 indicates that although the results of
this application were positive, the approach was expensive and had some significant limitations.

6.2.3 Integrated Safety Analysis

Integrated Safety Assessment (ISA) is a qualitative or semi-quantitative method of risk assessment
to identify facility and external hazards and their potential for initiating accident sequences.  It
focuses on process-specific accident sequences, assigns a qualitative measure of likelihood and
consequences, and then identifies the items relied on for safety (i.e., the systems and components
and personnel activities  that are relied on to prevent accidents at a facility or mitigate their
consequences).   Descriptions of ISA as applied to NRC regulated facilities are provided in [61]
NUREG-1520, “Standard Review Plan for the Review of a License Application for a Fuel Cycle
Facility”, NUREG-1513, “ISA Integrated Safety Analysis Guidance Document” [62] and in industry
guides (e.g., “Industry Guidance Document on Preparation of an ISA Summary” [63]). 

6.2.4 Barrier/Hazard Method

The barrier/hazard methodology for risk-informing byproduct material systems has been developed
in NUREG/CR-6642, “Risk Evaluation and Evaluation of Regulatory Options for Nuclear Byproduct
Material Systems”.  This methodology is based on grouping all byproduct materials into 40 systems
(13 medical, 27 non-medical uses) that have features in common.  Each system is systematically
described in terms of processes/tasks, hazards, barriers, and receptors.  The barriers, both
physical and administrative, are developed and identified based on the basic safety functions -
shielding, confinement, and limiting access - taking into account the source strength and nature
of the radionuclides involved.  Deviations from normal that can cause worker or public radiation
exposure were identified.  The approach is based on the Hazard and Operability Analysis (HAZOP)
procedure similar to that used in the chemical industry. 

6.3 Examples of the Use of Risk Methods 

The risk methodologies discussed above should not be thought of as mutually exclusive, they share
a number of common features and attributes, and there is no hard and fast dividing line between
them.  The differences arise from the level of completeness, the amount of detail, the pedigree of
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the models used, and the standards against which the methods have been evaluated and
validated.  All of the methods address in one way or another the questions contained in the risk
triplet stated earlier; the difference lies in the rigor and completeness with which the answers are
given.  However, the most rigorous methods, such as PRA or quantitative risk assessment, require
the most resources and the appropriateness of their use or application or the use of a less rigorous
approach has to be justified in terms of the risks involved. 

Below, some methods that were used or referenced in the 8 case studies are discussed briefly.
In the case of decommissioning of a nuclear power plant, the Trojan site decommissioning case
study discussed a combination of PRA and PA to provide a complete risk profile of the plant and
site from the start of decommissioning activity to license termination.  The case studies of gas
chromatographs, static eliminators and fixed gauges referenced the risk assessment performed
in the nuclear byproduct materials risk analysis.  Accordingly, the methods used in this analysis are
briefly reviewed.  The case studies of uranium recovery, the Paducah gaseous diffusion plant
seismic upgrade, transportation of the Trojan reactor vessel package, and the seismic exemption
of the DOE/INEEL TMI-2 fuel debris ISFSI can be regarded in some cases as highly focused risk
assessments that only dealt with one specific issue and not the overall risk profile of the facility.
In the uranium recovery case study, the risk assessment of the in-situ leach process is an example
of a scoping or screening risk assessment that used the limited data available to reach conclusions
about the risk presented by the facility.

6.3.1 Site Decommissioning

The case study on site decommissioning of the Trojan plant recognized that PA has been
recommended as the methodology for assessing the risks related to residual contamination
associated with decommissioning.  In order to obtain some insight on how this might proceed, it
is worthwhile to briefly review how PA is applied to the repository.  In the risk studies described in
[27], the probabilistic aspects of the assessment come from two areas: 1) the likelihood of
disruption of the repository site, due to natural and man-caused events, at some time after site
closure and 2) the uncertainty characterization in the physical models of the transport of
radionuclides.  The analyses do not provide a probabilistic depiction of habitation of the environs
of the repository site at the time of exposure.  Further, there is no discussion of the risk during the
preclosure phase (a multi year period) of the repository in this reference.

If one now looks to the decommissioning of a nuclear facility in this light, certain parallels can be
drawn in connection with the use of PA for decommissioning.

(1) The period from cessation of power operations to site release is analogous to the
preclosure operations phase of the repository.  There is much activity on both sites during
these respective phases.  Worker risk can be expected to be dominant from (episodic)
accidents (both radiological and nonradiological) and from (chronic) exposure to
contamination.

(2) The period from site release to 1000 years for a decommissioned site is analogous to the
postclosure 10000-year period for the repository.  The radiological source term for the
former is much smaller.
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(3) The foregoing suggest that for the 1000 year period of the decommissioned site, the
likelihood of stochastic events and their consequences be assessed.  Fires and floods are
two obvious candidates.

(4) For both the decommissioned site and the repository the long term dose recipient is treated
deterministically.  This is a potential area for risk-informing the assessment in both
situations.

A framework for applying a mix of PA and PRA methods that could be done in the context of the
LTR is identified in the Trojan decommissioning case study.  We distinguish the two phases of
decommissioning that is outlined in item 1 as the pre-release and post-release phases.  The post-
release phase includes unrestricted and restricted site release conditions.  Pre-release is included
in the analysis because there may be some activities that would be carried out during this phase
that pose risks for the near term (e.g. to workers) that ought to be weighed, in a risk-informed
manner, against the implications of these activities and their alternatives for the longer term post-
release risks. In both the pre-release phase and the post-release phase, it is important to tailor the
analysis to the risks posed by the activities and situations to be analyzed.  In general, relatively
more effort in the analysis should be given to the higher risk areas. Smaller risks should be
evaluated with bounding and screening approaches.  

A PRA for the pre-release phase is performed.  This is based on the operations that are planned
for in the licensee’s post-shutdown decommissioning activities report (PSDAR) or decommissioning
plan.  Risks to the public and to the site workers are assessed.  For the workers, both
nonradiological and radiological risk scenarios are developed.  Routine (chronic) and accident
(episodic) risk are computed.  Risks are expressed in term of health, environmental, and economic
impacts.

A PA for the post-release phase is performed.  As discussed above, its content will be similar to
the PA that is performed for the repository.  Chronic doses and their implied health effects are
assessed for the 1000-year period.  The likelihood of the resident farmer scenario, the building
occupancy scenario, and other potential scenarios as well as the nature of the critical group are
evaluated probabilistically.  It is recognized that there are great uncertainties in this area and these
uncertainties will be expressed in the analysis.  Model and parameter uncertainties for the dose
assessments will also be reflected in the quantitative assessment of risk.  The probabilities for the
occurrence of natural events that may disrupt the site during this period will be assessed.  The
consequences of this event in terms of transport of radionuclides to the environment and their
potential health effects will be calculated. Human intrusions to the site will also be evaluated.

For sites that have restricted release, scenarios need to be developed that will challenge the
engineered and institutional barriers and controls that have been put in place to meet the
requirements for restricted site release.  The likelihood of these scenarios and their consequence
should be quantified, including assessments of uncertainties.  Public, worker, radiological, and
nonradiological risks would be included in this analysis.

6.3.2 Byproduct Nuclear Material Risk Assessment

NUREG/CR-6642 [29] applied a barrier/hazard method based on the HAZOP approach developed
in the chemical industry to obtain the risk for 40 systems using nuclear byproduct materials.  A



55

radiation risk assessment was carried out for each system, determining both the risk of routine
operations and of accidents for the workers and the public.  For each task, doses and risks
(consequences and frequencies) were quantified for sequences that occur routinely or can occur
(accident).  The risks were then tallied to obtain the risk for each task and the whole system.

Risk is defined as the product of frequency of a particular state occurring and the consequences
to a receptor of being in that state.  The frequency of being in a particular state is the frequency
of a task that can potentially lead to that state multiplied by a set of conditional probabilities; the
probability of an initiating event that can lead into that state and the probability of a failure of a
preventive or mitigative barrier.  The consequence to a receptor (worker or a member of the public)
depend on the nuclide and quantity associated with the state, the degree of confinement, the
effectiveness of shielding, and the location of and time spent by the receptor in that state.  Other
factors, such as dispersion of released material, also affect the estimation of consequences.  All
pathways of exposure, external exposure, inhalation, ingestion, and submersion in a radioactive
cloud, were included in the approach.

Event trees based on failure or success of the three basic safety functions, shielding, confinement,
and access were constructed for each task and/or initiating event.  Given that each safety function
can result in success/failure there are thus 23 = 8 outcomes or sequences of each event tree.  The
information used to characterize the systems was developed using the NRC databases, the
General License Database that contains information on approximately 50,000 general licenses and
the Licensing Tracking System that tracks 5,900 specific licensees.  Additional information was
obtained from the Nuclear Materials Event Database, NMED, vendors, licensees, industry reports,
NRC regulations and guidance documents, etc.

The risks obtained were used to develop a set of regulatory options for byproduct material systems
based on “public and worker health and safety” ensuring that each option comprised a set of
system barriers and regulatory structure that would lead to compliance with guidelines on safe dose
limits.  The options were developed using a “diamond tree” approach that shows how elements of
a system, including safety systems and components, human actions, and training interact and
perform together to provide successful system performance.

SECY-00-0048 [64] “Nuclear Byproduct Material Risk Review” provides an overview of the
methodology developed in NUREG/CR-6642.  It indicates that the study provides a relative risk
ranking for purposes of comparison of different activities but does not contain enough information
to identify where changes in regulation would be most effective.  It also points out that the risk
values obtained in the study have uncertainties of one or more orders of magnitude and indicates
that this is due to lack of information about activities and uncertainties in available information,
human factors and performance, and uncertainties in the models used.

6.3.3 Focused/Screening Risk Assessments

The case studies of the Paducah gaseous diffusion plant seismic upgrade, the DOE/INEEL TMI-2
ISFSI seismic exemption, and the transport of the Trojan reactor vessel package are examples of
focused or partial risk assessments where the techniques of PRA were applied to estimate the risk
due to one specific hazard or one specific system.  In such applications, there is an issue of the
possible neglect of system interactions or of synergy among various hazards in the estimate of risk.
Moreover, fragmented risk assessments tend to not provide an overall picture of the contributors
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to risk.  The case study of uranium recovery referenced the risk assessment of in-situ leach (ISL)
facilities.  This risk is both chemical and radiological and the ISL risk assessment can be regarded
as a scoping or screening type of risk study based on the small amount of available data.

6.4 Preliminary Identification of Gaps in the Methods, Tools, Data, and Guidance

The brief survey of methods used in various areas of NMSS activity indicates that there is a fairly
significant application of risk methods and applications in some areas and somewhat less
experience in other areas.  The application of performance assessment for the waste repository
is well-advanced from the risk standpoint and can be considered a reasonably developed
technology for application to other areas such as site decommissioning or other long-term risks that
arise from material in the background.  PRA is a mature technology for power reactors and
systems.  Its application to specific NMSS activities is limited mostly by data and experience and
a judgement on whether the resources needed for its application would be justified by the risks
involved.  ISA is relatively newer as compared to PRA.  Some issues have been raised in ACRS
meetings on the relative merits of ISA and PRA as applied to relatively complex facilities such as
fuel fabrication facilities or enrichment plants.   The ACNW stated in a letter to the NRC Chairman
that ISA has not been sufficiently tested on issues critical to nuclear regulation, such as applicable
standards, peer review, quality control, and validity of databases [65].   Completeness of the list
of accident scenarios and the analysis of uncertainty have also been cited [66] as possible
shortcomings of this method compared to PRA.  The barrier/hazard method developed for the
byproduct nuclear materials is a comparatively recent development and more experience and
guidance on its use is needed.

One of the major gaps in the methods is the identification and development of a robust and simple
method for incorporating human factors and estimating human reliability in the very wide range of
situations and activities encountered and performed by NMSS licensees.  These situations range
from the extremely procedure-based methods encountered in medical technology to the relative
absence of any procedures for devices such as general-purpose gauges.  SECY 99-100 pointed
out that in the case of the gamma knife risk study [67], although PRA correctly predicted human
error to be the principal accident initiator, the fault tree event tree methodology was an inadequate
tool for analyzing  such accidents.  Similarly, in the area of industrial radiography, where very
serious radiation injuries have occurred in the past [68], human errors coupled with mechanical
failures appear to be the main cause.  The nuclear byproduct material risk review in SECY-00-0048
[64] also identifies uncertainties in human factors and performance as being one of the principal
contributors to uncertainty in the risk estimates.

Data availability suitable for the needs of risk assessment is another area that should be explored
in greater detail.  In some case studies, such as Trojan site decommissioning, there is a fair
amount of good quality data that can be used for risk purposes.  In some other cases, such as in-
situ leach facilities, comparatively less information is available.

Overall, the experience of conducting the case studies has shown that there has been a fairly
significant application of risk assessment methods in various activities regulated by NMSS that
provides a good foundation on which future development can occur.  The adoption of safety goals
for materials use and waste disposal as envisaged in the Commission’s SRM on SECY-99-100 is
a necessary step in the process of risk-informing.  In addition, the development of guidance on the
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level of detail and complexity required in the risk methods for various activities should be helpful
to staff in future plans for risk-informing NMSS. 
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7 FINDINGS, CONCLUSIONS, AND FUTURE PLANS

7.1 Findings

Sections 7.1.1-7.1.5 summarizes how the objective of the Case Study Plan [10 ] have been met.
Section 7.1.5 shows how the Staff Requirements Memorandum [7 ] for SECY-99-100 have been
addressed. 

7.1.1 Screening Considerations

A well-defined procedure for identifying candidate applications for risk-informing has been
successfully tested and has been finalized as a set of screening considerations.  Overall, the case
studies demonstrated that the screening considerations contained all the relevant elements needed
for risk-informing and can be a useful decision-making tool.  However, the application can be
subjective so guidance is needed.  The experience of carrying  out the case studies also indicated
that the draft screening criteria should be more properly identified as screening considerations
instead of criteria.  They are a set of factors that encompass the relevant questions that are needed
for risk-informing and do not have just yes/no answers.

7.1.2 Regulatory Decisions

The case studies have collectively illustrated that risk information has been used in making
regulatory decisions.  They were effective in indicating where decisions or processes are consistent
with the Agency’s strategic goals. Furthermore, they have helped to highlight some of the areas
in which there are shortcomings in the regulations or regulatory process.   Specifically, the case
studies illustrated how risk information:

(1) provides burden reduction and improved efficiency in decision making without a reduction
in safety,

(2) can be used to make the regulations more consistent for generally licensed, specifically
licensed, and exempt devices, 

(3) can indicate where increased regulatory oversight may be warranted,

(4) would allow resources to be focused in proportion to risk,

(5) can identify and highlight the significance of non-radiological risks of a facility or activity,

(6) can facilitate the certification process of a facility,

(7) can illuminate options for long-term disposal of a facility,

(8) can support granting an exemption from the existing regulations,

(9) can highlight the need to revise regulations.
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7.1.3 Safety Goals

The studies also showed that safety goals are feasible and decision-making and risk management
can be facilitated if a clear set of safety goals existed.  A proposed first draft of safety goals have
been developed which now need to be tested and refined.  Risks to the workers have been found
to be significant in comparison to public risks.  For some facilities, chemical risks have been found
to be comparable to or greater than the radiological risks.

7.1.4 Methods, Data, and Guidance

Information, tools, methods, and guidance needs have been identified and the necessary
informational tools can be assembled to make the risk-informing process more effective in NMSS.
There is a fairly significant application of risk methods and applications in some areas and
somewhat less experience in other areas. Tools for risk-informing exist in some materials use and
waste areas, but would need to be developed in others. One of the major gaps in the methods is
the identification and development of a robust and simple method for incorporating human factors
and estimating human reliability in the very wide range of situations and activities encountered and
performed by NMSS licensees.  

The development of guidance on the level of detail and complexity required in the risk methods for
various activities should be helpful to staff in future plans for risk-informing materials and waste
arenas.  NMSS has a program in place to train its staff in the methods and applications of risk
information.

7.1.5 The SRM to SECY-99-100

The results of the case study program can now be assessed relative to the Staff Requirements
Memorandum [7] for SECY-99-100.   The specific points of the SRM are presented here (in italics)
along with the specific findings. Overall the case studies show that the staff has been responsive
to the requirements set forth by the Commission.

• The staff should develop appropriate material safety goals analogous to the reactor safety
goal, to guide the NRC and to define what safety means for the materials program. 

The staff has determined that safety goals are feasible for the materials and waste arenas.  A
proposed first draft of safety goals have been develop (Chapter 5) that parallel the reactor safety
goal.  These goals will need to be further refined and subsidiary objectives need to be developed.
Ultimately, taken together, the reactor goal and the nuclear materials use and waste goals can
become a comprehensive set of goals for the entire agency.

• The staff should develop these goals through an enhanced participatory process including
broad stakeholder participation.

Several stakeholder meetings were held (see Chapter 2) over a two-year period. A broad and
inclusive representation of interested stakeholders was sought and strongly encouraged to attend
these meetings.  Written comments were encouraged as well. It is anticipated that as the safety
goal development continues, broad stakeholder participation will occur.  
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• The NMSS framework should include as a goal the avoidance of property damage and the
staff should develop appropriate metrics for it.

The preliminary goals presented in Chapter 5 include a qualitative goal as well as a quantitative
metric.  Further work needs to be done on the development of this goal. 

• The staff should consider whether critical groups can be defined for classes of material use,
consistent with Commission decisions in the License Termination Rule (Part 20) and on
high-level waste disposal at Yucca Mountain (Part 63).

In the development of the risk characterization to the individual that is presented in Appendix B, the
notion of the group that is exposed was used. This will help to test and refine the concept of critical
groups in the further development of safety goals.

• The staff give due consideration to existing radiation protection standards in 10 CFR 20.

In the consideration of safety goals, 10 CFR 20 was assumed to be the standard for worker
protection from routine radiological exposures.  A subsidiary objective is proposed for chronic
exposures (“incident-free” exposures) such as  those the may occur in the proximity of a
decommissioned reactor, a mill tailing pile, or transported spent fuel.

• New standards should allow for equivalent levels of reasonable assurance of adequate
protection across the spectrum of regulated materials activities and should be consistent
with risk-informed practices being applied to nuclear power plant regulation.

The qualitative and quantitative goals presented in Chapter 5 are specifically designed to achieve
this purpose.  Subsidiary objectives (Chapter 5.5.3), that are specific to the particular regulatory
activities, will now have to be quantified to assure that this equivalence is promulgated to the third
tier of the safety goal structure.  

• The Agreement States component  must be factored into risk-informing for the materials
program.

As noted above, stakeholders meetings were held over the course of this program and some
Agreement States have sent representatives to provide input to various topics.  As the safety goal
work progresses, continued and focused attention will be given to areas appropriate to Agreement
States.

7.1.6 NRC Strategic Goals  

The conclusions of the case studies with regard to the value of risk information (Chapter 4.1), give
several examples of how the information supported the goals of safety issue elucidation, regulatory
efficiency, undue burden reduction, and communication.  As discussed in Chapter 5, the first four
screening considerations for determining whether to risk-inform are based on the NRC’s strategic
goals.
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7.2 Conclusions

Risk-informing NMSS activities has been occurring in specific areas and to varying degrees over
a number of years.  Although more work needs to be done, as discussed in Section 7.3, there are
no fundamental impediments to the expansion and broader application of risk information across
the spectrum of NMSS-regulated activities.

Risk information can be valuable as an additional input to decisions that NMSS must make. It can
complement the more familiar information that is derived from consideration of the existing
regulatory framework.  It can help to make that framework more rational.  An integrated and
balanced risk management program would recognize both public and worker risks as well as
radiological and nonradiological risks at the regulated facilities.

An important adjunct to risk information when used for managing risks, is a set of safety goals that
assist the decision maker in determining whether safety objectives will be achieved.   If safety goals
are to move forward, then risk information can be readily compared with these goals to guide and
inform regulatory issue resolution.

The case studies illustrated that the seven factors that constitute the screening considerations can
be a very useful decision-making tool but their application can be subjective, hence guidance is
needed.  The seven factors are one important tool in the management decision to risk-inform a
specific activity or process. The screening considerations not only lead to a decision whether to
risk-inform or not, they also begin to formulate what the issues involved in the decision are and
what information and methods are needed to address them. Risk informing in this context implies
a commitment to use a set of formal methods or approaches such as PRA in the regulatory
decision-making process.  

The application of the screening considerations is not only useful in the decision of whether or not
to risk-inform a particular activity, the questions posed by the screening considerations also lead
to the process of understanding how to risk-inform the activity, i.e., what information is needed, how
it should be organized, and what kinds of issues can or need to be addressed by risk-informing.
However, the implementation of these screening considerations as one factor in the management
decision to risk-inform a specific activity or decision within NMSS requires guidance.  

7.3 Future Plans

As specific applications for risk-informing nuclear materials use and waste arenas progresses,
further development of the proposed first draft safety goals will occur. These two activities will be
mutually supportive and synergistic.  Safety goals will help to guide and inform regulatory issue
resolution and exploration of the issues will provide insights to the refinement and further
development of the safety goals.  Particular attention will be given to risks to the workers and the
presence of nonradiological risks.

The existing risk training program will be further developed to cultivate risk analysts who are
capable of performing risk assessments, drawing risk insights, and formulating risk management
strategies for the various areas that NMSS regulates.  As NMSS continues its work in developing
the safety goals and incorporating the risk-informed approach into rulemaking, licensing, guidance
development, inspection and enforcement, the curriculum will be updated periodically to make
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available to the staff the latest applications, data and tools to further advance staff’s knowledge and
capability in implementing the risk-informed approach.

Data availability suitable for the needs of risk assessment is another area that should be explored
in greater detail.  In some case studies, such as Trojan site decommissioning, there is a fair
amount of good quality data that can be used for risk purposes.  In some other cases, such as in-
situ leach facilities, comparatively less information is available.

NMSS is following a general, three-phase plan [69] to implementing the framework described in
SECY-99-100. The first phase focuses on developing a systematic approach for identifying
candidate NMSS regulatory applications that may be amenable for increased use of risk
information.  The second phase focuses on applying the systematic approach, developed through
the first phase, to identify the candidate NMSS regulatory applications.  Finally, the third phase
focuses on the actual modification of the identified regulatory applications to make them more risk-
informed. 

Phase 2 is expected to begin upon finalization of the screening considerations, described above.
Phase 2 will focus on the systematic review of NMSS materials and waste regulatory applications,
to identify those that would be amenable to an increased consideration of risk insight and
information.  Specific Phase 2 activities are not yet defined; however, a general approach has been
formulated and is described below.

The product of Phase 2 is expected to be a set of potential future risk-informed initiatives and
activities for various NMSS regulatory areas.  Staff will provide the supporting justification for the
activities by documenting the application of the screening considerations.  The activities will then
be prioritized through the normal PBPM prioritization process.
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APPENDIX A:  Related Risk Documents and Studies

A.1 Nuclear Byproduct Material Systems

A number of risk studies of nuclear byproduct material systems were carried in NUREG/CR-6642
[A1].  The goal of these studies was to identify risk-informed regulatory options for byproduct
materials that are currently regulated under 10 CFR Parts 30 through 36 and Part 39.  The process
involved (1) organization of nuclear byproduct material, as used, into 40 systems, (2) identification
of existing and potential physical and procedural barriers that limit dose to workers and the public,
(3) risk analysis of each system under normal operation and off-normal (accident) conditions, (4)
consideration of regulatory options for each system, and (5) comparison of regulatory options to
current regulatory barriers.  A graded approach, based on comparison of risk analysis results with
dose screening guidelines, is used.  Options considered ranged from those that would provide a
high level of assurance that doses exceeding guidelines would be prevented, through those where
performance-based approaches would assure prevention of doses near the guidelines, to those
where little appears necessary to assure doses well below the guidelines.

The non-medical applications analyzed in NUREG/CR-6642 included well logging (tracers and field
flooding), well logging (sealed sources), irradiators (pool and self-shielded), and radiography (field
and shielded room).  NUREG/CR-6642 also reviewed several waste disposal practices including
incineration, compacting, packaging, and solidification.

Well logging in the oil and gas industry through use of radioactive tracers is practiced on a large
scale.  Solid, liquid, and gaseous tracers are employed by injected into a single well (regulated
under 10 CFR 39) or into or more wells, a practice called field flooding that is regulated under 10
CFR 30.  Single well applications use the isotopes Sc-46, Ir-192 and Sb-124 in solid form.   Field
flooding employs gaseous tracers such as H-3, C-14, Xe-133 or Kr-85 and liquid solutions of I-131
or HTO (tritiated water).  Potential accidents that can occur during receipt, storage, preparation,
use (both above ground and subsurface), and recovery and disposal include the failure of access
controls, dropping of a container, a fire leading to failure of shielding and source confinement,
operator failure to observe procedures leading to excessive exposure, spill of the material,
inadvertent injection into a fresh water aquifer.  The annual worker dose from normal operations
is estimated at between 1 and 2 rem, dominated by the large number of solid tracer injection
operations during aboveground activities at the well site.   Public (the public in this case consists
of other workers in the vicinity of well logging operations) doses from normal operations are stated
to be a factor of about 6 lower.  The accident risk in terms of expected value of dose is much
smaller compared to the risk from normal operations.  However, the maximum exposures of
workers in accidents where gaseous tracers are involved are stated to approach the range where
health effects could be observed.

A.2 Spent Fuel Transportation

The risk study reported in NUREG/CR-6672 [A2] updates an earlier generic environmental impact
statement, “Final Environmental Statement on the Transportation of Radioactive Material by Air and
Other Modes”, NUREG-0170 [A3].  NUREG-0170 provided the regulatory basis for issuance of
general licenses for transportation of radioactive material under 10 CFR 71.  NUREG/CR-6672
estimates the radiological and nonradiological, routine and accident transportation risks based on
updated methodology for estimating risks and on updated plans and cask designs for spent fuel
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shipments. It concluded that incident-free population doses involving shipments by truck or rail
were somewhat (but not greatly) lower than those estimated in NUREG-0170.  It was also
concluded that the cask failure criteria in NUREG-0170 led to conservatively large radioactive
releases and thus to conservative predictions of accident risk.

A.3 Dry Cask Storage Probabilistic Risk Assessment

The Office of Research of NRC is performing a probabilistic risk assessment [A4] for dry cask
storage.  There is no formal documentation of this study at this time, but there have been briefings
on the progress of this work.  The study follows the structure of a Level 3 PRA and thus include
frequency of fuel damage, assessment of physical processes associated with radiological
releases, and health risks to the public.  This PRA focuses on handling, transfer, and storage of
the spent fuel for 20 years. It does not consider fabrication of the casks, off-site transportation, or
sabotage.  The study considers a spectrum of initiating events including accidental aircraft crashes,
tornadoes, and lightning strikes. Other initiating events, are being screened in accordance with site-
specific characteristics. Issues under consideration include fuel misloadings, criticality, and
inadequate preparation of the spent fuel  package in the cask.  Human actions related to the latter
as well as transfer activities are being studied. Mechanical and thermal loads (including fires) are
being evaluated to obtain cask failure probabilities. Radiological release fractions from the spent
fuel are being guided by the NUREG/CR-6672 analysis as well as a calibration against NUREG-
1150 [A5] release characteristics for the Surry plant.  Consequence analysis is being performed
with the MACCS code [A6].  Initial and preliminary results of this study indicate that the off-site risks
are very low.  

A.4 In Situ Leach Facility Probabilistic Risk Assessment

“A Baseline Risk-Informed, Performance-Based Approach for In Situ Uranium Extraction
Licensees”, NUREG/CR-6733 [A7] was performed by the Center for Nuclear Waste Regulatory
Analyses (CNWRA) for NMSS. Its purpose is to provide a risk-informed, performance-based
foundation for regulating in situ leach (ISL) facilities. 10 CFR 40 applies broadly to facilities related
to source and byproduct material and has been used for the licensing uranium recovery facilities.
Appendix A of 10 CFR 40 provides criteria for conventional uranium mills and for the disposition
of their wastes and tailings.  However, there are no specific regulations that address ISL activities
that are not also common to conventional uranium mills (e.g. yellowcake drying is addressed by
contamination of groundwater by ISL activities is not addressed). These exceptional situations for
ISLs are addressed by the imposition of license conditions on the licensees.  NUREG/CR-6733
provides a risk  perspective for ISL operations that could lead to a more predictable and stable
regulatory process.

The study addressed both radiological and chemical risks on the surface environment and in the
groundwater.  The authors determined that it was not practical to do a conventional PRA for the
hazards involved.  In performing this study, the authors realized that the conventional (reactor-type)
probabilistic risk analysis approach would need to be modified for the ISL application.  They noted
that it had to be tailored to the nature of the specific materials, activities, and regulatory
requirements associated with ISL facilities.  Based on the hazards that come under NRC purview
for ISL facilities, CNWRA defined three top-level categories for further analytical decomposition.
They are:
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• Surface environmental chemical hazards

• Surface environmental radiological hazards

• Groundwater chemical and radiological contamination hazards.

The authors noted that NRC considers chemical mishaps only to the extent that they could imply
radiological releases.  

CNWRA examined the Nuclear Materials Events Database (NMED) [A8] and determined that
release of radioactive material and contamination of groundwater occurred with relatively high
frequency (within the lifetime of an ISL facility). Thus they focused on the evaluation of the
consequences of these accidents.  They also assessed the consequences of various accidents in
a conservative way.  If they found that the consequences were unacceptable from a regulatory
standpoint, they explored mitigation actions.  They wanted to avoid dealing with the uncertainties
and difficulties associated with calculating the likelihood of occurrence with a small amount of data
available.

The foregoing is one approach to risk management. It avoids the development of uncertainty
distributions by eliminating, or minimizing the impact, of the source of the uncertainty.  However,
in some instances this may not be practical or cost-effective. Even if probabilities are very low and
have large uncertainties associated with them, methods exist to characterize these uncertainties.
This alternative approach would allow a balancing of consequence against probability and thus
provided a relative risk perspective for the various events considered in the CNWRA study.  It
would help to prioritize the sundry recommendations provided in that study. In order to do this, risk
would have to be expressed in common units (or a valuation would have to be placed on risk
parameters in different units).

NUREG/CR-6733 is a good starting point for a more complete probabilistic risk assessment for
ISL’s.  Facility-specific studies would help to reveal and correct weaknesses and vulnerabilities in
facility design and/or operation.  

A.5 Irradiator Risk Study

Irradiators are devices that use sealed gamma sources to irradiate and disinfect food products,
sterilize medical products and cosmetics, and to conduct research on the effects of gamma rays
on organic and inorganic materials.  Dry source irradiators are licensed under 10 CFR 32.210.  In
pool irradiators, the sources, mainly Co-60, are stored in a pool of water 10 to 30 feet deep inside
a shielded room or cell.  Access to the room is controlled through a system of interlocks and
alarms.  The sources are raised out of the pool to deliver the required dose or the material may be
submerged in the pool.  In other irradiators, the sources are stored dry inside a depleted uranium
or lead shield and then are moved or the shielding is removed to give the required dose.  Some
pool irradiators have large sources (exceeding 1 MCi) and the dose rate in air about 1 m from the
source can exceed 500 rads per hour so failure of access controls with the source exposed could
lead to a severe injury or even fatality.  Another potential accidental exposure can occur if a portion
of the source is carried outside the cell on the conveyor which transports the material to be
irradiated.  Risk studies of these facilities that are licensed under 10 CFR 36 are reported in ICRP
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Publication 76, NUREG/CR-6642 and in PRM 36-1 [A9], the petition for rulemaking requesting
amendment of 10 CFR 36.65 as described below.

PRM-36-1 requested that NRC amend 10 CFR 36.65 to provide relief from the requirement that
an operator and at least one other individual, who is trained to respond to access control alarms,
must be present onsite, whenever the irradiator is operated using an automatic product conveyor
system, and whenever the product is moved into or out of the radiation room when the irradiator
is operated in a batch mode.  Staff commissioned a risk study to assess the impact of the proposed
rule changes using NUREG/CR-6642 as the basis and expanding upon it.  The study used fault
tree models to assess risk to irradiator operation when operators are located offsite.  The risk
analysis estimated the current frequency of a life-threatening exposure of a worker to be about
5x10-8 per year for a continuous facility and about 9x10-8 per year for a batch facility, based on a
model facility developed with the assumption that the facility would generally meet the requirements
of NRC’s current regulations.  The basic risk results for not having the operator onsite would
increase the risk of an accidental irradiation of a worker at a continuous irradiator by a factor of
about 70, to approximately 4x10-6 per year.  For a batch irradiator, the risk would increase by a
factor of about 10, to approximately 1x10-6 per year.  Based on Table 710, “Statistical Abstract of
the United States 2000,” U.S. Census Bureau, the risk of occupational fatality for all U.S. workers
in 1998 was 4.5x10-5 per year.  For manufacturing workers, it was somewhat less, 3.3x10-5 per
year.  Excluding falls, homicide, and transportation accidents, the remaining process-related
manufacturing fatalities were only 53 percent of this, or a risk of 1.7x10-5 per year.  Thus, the
irradiator risk of 4x10-6  per year is about 20 to 25 percent of this rate for process-related
manufacturing fatalities.  No changes are anticipated in the risk to the public because sealed
sources are contained in the radiation room, and irradiator facilities have security systems and
access control to the radiation room.  While the staff, based on this comparison, viewed a fatality
risk of 10-6 per year range to be generally  acceptable, the Commission was not informed of the
proposed petition response due to emerging events.

A.6 Radiography Risk Study

Risks of industrial radiography operations have been reported in several studies.  NUREG/BR-0024
“Working Safely in Gamma Radiography” [A10] published in September 1982 reported on several
accidents in the 10-year period from 1971-1980.  The study revealed that industrial radiographers
suffer a major portion of the overexposures among workers employed by NRC licenses.  Over the
time period of the study, there were 600 over exposures reported by all licensees and one-quarter
of these were industrial radiographers although they made up only a few percent of people working
with radiation at NRC-licensed facilities.  Even more important, there were 21 serious
overexposures reported over the 1971-80 period (exceeding 25 rem whole body or 375 rem to an
extremity) and 15 of these were radiographers with some suffering permanent injury.  NUREG-
1631 [A11] published in 1998 reviewed radiography camera system failures and their implications
for exposing radiography workers. NUREG-6642 evaluates the risks of both field and sealed room
radiography systems.  The dominant mode of exposure is when the radiation source is left exposed
due to failure of the equipment to retract the source back to its shielded position or to human error
(forgetting to retract or secure the source).  Failure to perform a radiation survey or perform it
adequately compounds the risk.

A petition for rulemaking, PRM-34-1, requested that the NRC clarify Part 34.20 to remove the
associated equipment from the rule and continue to perform source and devices reviews only.  In
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addition, the petitioner requested that Part 34.28 be amended to reflect appropriate inspection and
maintenance requirements for all of the radiography equipment including associated equipment.
In response to this petition, staff commissioned a risk study using NUREG/CR-6642 as the basis
and expanding upon it.  The risk assessment evaluated the change in risk to the workers and the
public from radiography operations if the petition was granted.  In performing the evaluation of the
petition, available data on radiography events, exposure history, and self-certification in other
industries were included where possible.  The overall conclusion of the assessment is that the
adverse risk impact of granting the petition is expected to be very small. Another risk study of
radiography is the petition for rulemaking PRM 34-5 [A12] that requests NRC to clarify the
requirements of Part 34.20 related to the scope of equipment for industrial radiography operations
that is covered under the rule.  It concluded that improvements in radiography equipment and
performance standards to address the human error and equipment deficiencies that are the
dominant contributors to risk would do more to reduce risk than any potential increases due to
granting the petition.

A.7 Shelwell Risk Assessment

Shelwell, located in Hebron, Ohio, was licensed to use sealed sources and unsealed radioactive
material in well logging and tracer studies of oil and gas wells. In 1983, the license accidentally
drilled into a 2-curie, cesium-137 sealed source, which caused the spread of radioactive
contamination. The site was substantially decontaminated following this incident. The licensee
completed additional decontamination, and requested release for unrestricted use. However,
elevated radiation was caused by very small, discrete particles containing Cs-137. The particles
appeared to be insoluble, with minimal leaching to surrounding soil. Contamination was also
identified on surfaces inside a building. The building contamination was also in the form of very
small particles. The initial analysis of the soil samples collected from the elevated areas, and the
review of the building surface contamination measurements, indicated that the contamination levels
significantly exceeded NRC criteria for unrestricted use. The NRC staff  would approve termination
of the Shelwell license if the staff determined that the site had been adequately decontaminated,
and the site was suitable for release for unrestricted use in accordance with 10 CFR 30.36, 10 CFR
Part 20, Subpart E, and other applicable requirements.

The fact that the contamination identified was in the form of discrete, very small, particles made
comparison with those guidelines difficult. The unrestricted-use guidelines for both building
surfaces and soil apply to average contamination levels and assume that the contamination is
uniformly distributed and relatively widespread. However, calculating average levels to determine
compliance for the Shelwell site had limited usefulness. For example, using conservative
assumptions, it could be demonstrated that the average Cs-137 concentration in the soil at the
Shelwell site was less than the applicable guideline. However, individual soil samples were
identified that contained over 70 times the guideline level. The high activity levels were caused by
the presence of one, or perhaps a few, discrete particles in the soil samples. Therefore, to
determine the risk to the public at the Shelwell site, the individual particles had to be evaluated, in
addition to the average contamination level.

In 1998, the staff performed a risk assessment which was reported in SECY-98-117 [A13].
Mechanistic doses from these particles were calculated for inhalation and ingestion related to both
the soil and the building.  The probabilities of incurring these doses were also estimated and
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expected annual doses were obtained.  These were found to be well within the dose criterion of the
License Termination Rule criterion (25 mrem/yr) for unrestricted release of a site.

The staff considered the PRA in SECY-98-117 to be the "NRC-approved decommissioning plan"
which eliminated the need for a formal submittal by the licensee for license termination. The license
was terminated in 1999. Thus, in the Shelwell licencing action NRC has  not only been risk-
informed, it has been risk-based. The EPA concurred with NRC’s analysis and issued a Finding
of No Significant Impact [A14].

A.8 Radiological Assessment of Exemptions for Source and Byproduct Materials

In NUREG-1717, "Systematic Radiological Assessment of Exemptions for Source and Byproduct
Materials" [A15], an assessment was made of potential radiation doses associated with the current
exemptions for byproduct and source material in Title10 of the Code of Federal Regulations.
Doses were estimated for the normal life cycle of a particular product or material, covering
distribution and transport, intended or expected routine use, and disposal using dose assessment
methods consistent with the current requirements in 10 CFR Part 20.  In addition, assessments of
potential doses due to accidents and misuse were estimated.  Also presented is an assessment
of potential radiological impacts associated with selected products containing byproduct material
which currently may only be used under a general license and may be potential candidates for
exemption from licensing requirements.

A.9 Risk Analysis of Fixed Nuclear Gauges

Fixed nuclear gauges containing the radionuclides Cs-137, Co-60, or Am-241 are used in many
industries to improve the quality and lower the costs of products for industrial, commercial, and
private uses.  However, gauges that are improperly controlled during use and transfer can expose
people to radiation and, upon entering the stream of recycled steel, can cause steel mills to spend
millions of dollars to decontaminate equipment and dispose of contaminated materials.  The risk
to licensees and the recycling industries that nuclear gauges pose is incompletely understood.  In
NUREG-1669, “Risk Analysis of Fixed Nuclear Gauges” [A16], an analysis of fixed gauges was
performed to study the risk to life and property, from facilities where the gauges are used to steel
mills where the gauges might be melted.  This risk analysis should be of interest to all
stakeholders--agencies that promulgate regulations, licensees who must comply with the
regulations, and the recycling industries who use scrap steel as a resource for making products.
Although risk could not be estimated because data are lacking, observations and insights were
made that can be used by all stakeholders to reduce their risk, even if the extent of the reduction
is unknown.

A.10 Risk Analysis in Regulating the Use of Radiation-Emitting Medical Devices

NUREG/CR-6323, “Relative Risk Analysis in Regulating the Use of Radiation-Emitting Medical
Devices” [A17], describes a preliminary application of an analysis approach for assessing relative
risks in the use of radiation-emitting medical devices.  Results are presented on human-initiated
actions and failure modes that are most likely to occur in the use of the Gamma Knife, a gamma
irradiation therapy device.  This effort represents an initial step in an NRC plan to evaluate the
potential role of risk analysis in regulating the use of nuclear medical devices.  For this preliminary
application of risk assessment, the focus was to develop a basic process using existing techniques
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for identifying the most likely risk contributors and their relative importance.  The approach taken
developed relative risk rankings and profiles that incorporated the type and quality of data available
and presented results in an easily understood form.  This work was performed by the Lawrence
Livermore National Laboratory for the NRC.

A.11 10 CFR 63 for Yucca Mountain

While 10 CFR 63 [A18] is not itself a risk study, it does suggest a risk-informed approach to the
licensing of high-level radioactive waste at Yucca Mountain. In the new 10 CFR 63, the
Commission seeks to establish a coherent body of risk-informed, performance-based criteria for
Yucca Mountain that is compatible with its other efforts in this area.  The Commission advocates
that compliance with its performance objectives be demonstrated through 1) an integrated safety
analysis of preclosure operations and 2) a performance assessment for long-term, post-closure
performance.

For preclosure activities, NRC advocates protection to the workers and public through maintaining
exposure limits given in 10 CFR 20 and, for operational occurrences requiring that for any member
of the public beyond the site boundary that the dose would not exceed 25 mrem/yr.  This latter
value is consistent with other NRC regulations in the area of waste management (e.g. low level
waste, decommissioning).

For post-closure, the Commission proposes an individual dose limit, rather than an explicit
individual risk limit with the understanding that a dose/risk equivalence is understood on the basis
of a constant total effective dose equivalent to health risk coefficient.  Further, the Commission
advocates an individual dose limit because it believes that the public would readily understand this
limit and that it would be in a form more frequently used to regulate nuclear activities.  The final
standard issued by the Environmental Protection Agency [recently set at 15 mrem/yr] has been
adopted by NRC in the final version of 10 CFR 63. The expected annual dose is recognized by
NRC to be probabilistic in the sense that it incorporates the probability that the estimated dose will
occur.  Further this is recognized to be the expected annual dose to the reasonably maximally
exposed individual.  The Commission now considers that probabilistic risk assessment (or
performance assessment for the repository is sufficiently mature (15 year of experience) to allow
it to be the sole quantitative method to be used to demonstrate compliance with the post-closure
individual dose limit.  The Commission recognizes the importance of defense-in-depth and of the
multiple (engineered and geologic) barriers of the repository system.  However it does not believe
that it should prescribe which barriers are important to waste isolation or the methods to describe
their capability to isolate waste.
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APPENDIX B:  Risk Perspective and Safety Goals

B.1 Some Thoughts on Populations at Risk

The following is a discussion which raises some issues in the identification of risk metrics for safety
goals in the nuclear materials and waste arenas.  This area warrants further exploration in the
development of safety goal guidance.

Before one can decide what level of risk is safe enough, one must identify what types of
consequences are being addressed and who is the population at risk.  There are many potential
adverse consequences of nuclear hazards including prompt fatality, latent fatality, injury, and other
health detriments.  Safety goals for the general public living in the vicinity of nuclear power plants
have been adopted by the Commission [B1].  Safety goals may be needed for each type of
consequences, or they may be combined as in the concept of serious detriments discussed in the
1990 Recommendations of the International Commission on Radiological Protection (ICRP 60)
[B2].  The focus of this section is the consideration of populations at risk.  These concepts are also
discussed in Section 4.2 in relation to the insights gained from the case studies.  In particular,
Subsection 4.2.2 discusses populations at risk.  

The phrase “population at risk,” as used here, does not refer to those persons most at risk.  It
refers, instead, to the concept that there are different populations in terms of the acceptability of
risk to them.  The differences of interest are those which might influence the answer to the
question: Is this group of persons safe enough?  One example of different populations at risk is the
distinction between radiation workers and members of the general public. In order to identify all the
risk metrics needed to address safety goals, one must identify all the populations at risk.
Populations at risk can be differentiated from one another as being individuals, special groups, or
all exposed persons.  Each category possesses properties which influence the acceptability of risk
to the members in that category.

A number of such risk-acceptability factors were considered in relation to safety goals.  The
properties that appeared most important were the following three: a) control, b) benefit, and c)
individual vs. collective.  One can identify general categories of “populations at risk” by forming
combinations of these properties.  In order to clarify this idea, the meaning of these three properties
will be discussed below.  The implication of this idea is that there may be a need for a risk metric
and safety goal for each such general category.   The acceptability of risk will, in principle, differ
among them, as it does between workers and the general public. 

Control

Control refers to the degree of choice that the population has as to whether to be exposed to the
risk or not.  The degree of control which a person has over a risk affects the level of risk which that
person will accept.  The usual distinction is that between radiation workers and members of the
offsite public.  The public in the vicinity of a nuclear facility may be exposed to risks from that facility
sited near them, but has no control over this risk.  Radiation workers at the facility have the choice
whether to engage in radiation-related work and thus have some degree of control over the
exposure.  There are degrees and types of control other than these two classic cases.  Examples
of other degrees of control include:  non-radiation workers employed by the licensed facility;
workers of other companies co-located at the site of the hazard; other workers who use a nuclear
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device; and members of the public who use a nuclear device for their benefit.  The Health and
Safety Executive in the United Kingdom provides different risk limits and goals for some of these
different categories [B3].  NRC generally limits its categorization to just the basic two, workers and
general public. 

Benefit

Benefit refers to the amount of benefit that the population at risk derives from the regulated activity.
Workers derive the benefits of employment. The acceptability of risk may be greater to a population
at risk which makes the choice to accept a risk-benefit trade-off. It is important to remember that,
in addition to the classic grouping of radiation worker and offsite public, there are special categories
of persons whose situation is different with respect to benefit.  These special cases include non-
radiation workers and users of nuclear devices.  As discussed previously, these two categories also
differ with respect to degree of control.

Individual vs. Collective (Societal) Risk

The distinction being made here is between the individual risk to an average member of the critical
group (see the discussion of “critical group” in the next section) versus the total risk summed over
all persons.  In one sense the “populations” here are the same, namely, all those at risk; but the
risk metrics are different.  This distinction needs to be considered in defining “populations at risk”
because individual risk and societal risk are different metrics with different criteria for what is safe
enough.  In general, both types of risk metrics need to be considered in judging the safety of a
situation.  A situation which meets an individual risk goal, however, might not sufficiently minimize
the societal risk.  Avoidance of unnecessary societal risk appears to be the objective of certain
regulatory practices.  Examples of societal risk limitation include waste disposal at regulated sites
and low population siting criteria.

B.1.1 Individual Risk

There are some technical subtleties and issues in this distinction between individual and societal
risk that need to be clarified.  The following discussion introduces some of the issues, but further
work is needed.  A risk evaluation for individual risk, in principle, would evaluate the risk to each
individual that might be exposed.  The safety goal or quantitative health objective (QHO) would be
met if this risk metric were below some goal value.  One way of stating it is that the objective would
only be met if the risk to every single individual was at or below the QHO value.  What is often
evaluated as a subsidiary risk metric is the average risk to a potentially highly exposed group.   In
the case of the reactor safety goals, the groups are defined as those located within a
predetermined distance from the nuclear power plant.  This approach is closely related to the
concept of “critical group” which is used to define design requirements in 10 CFR 20 and
elsewhere.  The subject has been intensively discussed with respect to various waste disposal and
decommissioning safety criteria.  A major goal of these criteria appears to be to limit individual risk.
Thus, it appears feasible to establish critical groups for calculating individual risk metrics for specific
applications in a manner identical, or very similar, to these design requirement critical groups.
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B.1.2 Collective Risk

The other type of risk metric is referred to here as collective.  In the reactor safety goal, the related
term used is “societal risk.”   Collective risk is risk summed over all individuals in a group, and not
divided by the number of persons in that group.  The population may be all persons exposed, or
it may be a subgroup of interest, such as radiation workers at a particular plant.  The term “societal
risk,” properly speaking, is the sum of all risks to all persons; that is, everyone.  Collective risk,
which could be for any relevant group, is thus the more general term. The difference between
collective risk and individual risk is that collective risk is a total, not on a per person basis.  An
example would be the total person-rem exposure per year to workers at a facility, as opposed to
the maximum dose in rem to an individual worker that year.  

Collective risk metrics are used in various contexts in the regulation of nuclear materials and waste.
Collective dose has been evaluated in transportation risk studies [B4] and in NUREG/CR-6642, the
byproduct material risk study [B5].  Waste disposal at selected sites, and remote siting in general,
appear to be driven by a goal of limiting both individual and collective risk.  Thus it is clear that
there are areas where safety goals on collective risk would be applicable.  However, not all
collective risk metrics are of equal standing.  Collective risk to various groups are part of the sum
that forms the total societal risk.  It may be that only the total societal risk is fundamental, while
other collective metrics are essentially subsidiary (tier III) quantitative guidelines that are
components of this total.  To facilitate optimization and comparison of a collective risk metric, the
value of $2000 per avoided person-rem is often applied .  

B.1.3 Safety Goals

One product derived from the above considerations was the addition of a societal risk metric to the
list of draft safety goal QHOs.  With the individual risk metrics addressing the three types of
consequences mentioned at the beginning of this section, namely prompt fatality, latent fatality and
acute injury, the addition of this societal risk metric appears to form a more complete set of safety
goal metrics that address all aspects of safety.

B.2 Risk Perspective in the Materials Use and Waste Areas

B.2.1 Information for Table B.1

To gain a perspective on the risks in the various non-reactor areas that are regulated by NRC, a
tabulation of radiological risks has been constructed for the eight case studies and a few related
areas.  This tabulation is found in Table B.1.  In this table, both public risk and worker risk to
individuals are displayed.

It must be strongly emphasized that the information in Table B.1 should be regarded as very
preliminary and is subject to revision as additional information on these risks becomes available.
There has been essentially no critical review of the information presented here: it was extracted
from the source documents as presented. There may be large uncertainties in some of these
numbers. A careful review of this information may yield somewhat different results and other
insights. This is a first-look presentation of these risks in a holistic way and it may be useful for
developing a relative sense of the risk across a wide range of regulated activities.  The risk are
presented in terms of the annual likelihood of prompt or latent cancer fatalities.
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The following notes, as annotated in Table B.1,  should be considered with regard to the numbers
displayed in Table B. 1:

1. All numbers are preliminary rough estimates and are subject to revision. There may be at
least an order of magnitude uncertainty for some of these numbers.

2. The notation NC means that no credible mechanism has been identified to exceed the
threshold for prompt fatalities for the risk assessed.

3. The pre-exponential numbers shown have been rounded-up to the next whole number from
the source information.

4. The risks reported here are due to potential radiological exposures only. In some areas the
dominant risks are not radiological. For example, chemical hazards are significant for
uranium recovery and for the gaseous diffusion plants.  Occupational (nonradiological) risks
to workers are not shown in this table and may be comparable to or exceed the radiological
risk in some instances.

5. BEIR V [B6] dose conversion factor was used throughout to obtain latent cancer fatalities.
The conversion factor is 5E-4 latent cancer fatalities per rem.

6. Trojan Site Decommissioning:  Latent cancer fatality risk to the public is based on a 1
mrem/yr residual dose to the average member of the critical group.  Other facilities may and
can have a risk that is 25 times higher (allowed by the License Termination Rule, 10 CFR
20, Subpart E).  Latent fatality risk to the workers is based on the projected worker dose
during from decommissioning operations at the Trojan facility. Reported worker doses for
the years 1999 and 2000 [B7, B8] were reviewed. The average individual worker LCF/yr risk
was found to be 2E-4 and 1.2E-4, respectively for those years.  In the early, 1990s, the risk
was somewhat higher and for the remainder of the decommissioning period it will become
significantly less.  We take 1E-4 as the mid-term risk for this 20 year period.

7. Uranium Recovery:  This has been separated into conventional mill and in situ leach.

A. For the mill, the Atlas EIS (NUREG-1531) [B9] was used to obtain characteristic
doses from mill tailings.  The numbers obtained from NUREG-0706 [B10], the GEIS
for Uranium Milling are a factor of 2 and 3 lower, respectively, than the Atlas
numbers. 

B. For the in situ leach facilities, NUREG/CR-6733 [B11] was used to obtain
characteristic risk estimates.  This assessment process was confirmed with P.
Mackin, principal author of this report.

The risk estimates presented here are generic.  Specific calculations for actual sites may
lead to risk estimates that are lower.

8. Paducah Gaseous Diffusion Plant:  Latent cancer fatality risk to the public is based on
projected exposure to radioactive effluents to the nearest offsite individuals as reported in
SECY 98-275 (NRC Report to Congress, 11/24/98) [B12].  Similarly, latent fatality risk to
the workers is based on the maximum dose received by a worker.  Other sources of
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radiological exposure have not been identified to pose a higher risk.  The prompt fatality risk
to workers is designated as “NC”, however, a probabilistic evaluation of the worker fatalities
from a potential criticality event has not been identified.  The possibility of a criticality event
exists and should be noted. The hypothetical injury risks to the public from the accidents,
as reported in the case study are due to chemical hazards.

9. Trojan Reactor Vessel:  The vessel shipment is a one-time activity and, thus, is not an
annualized risk.  Also, values shown in ( ) are risk estimates if 44 truck shipments had been
made instead of one barge shipment. [B13]

10. Spent Fuel Transportation: The risk reported here are synthesized from information
obtained from NUREG/CR-6672 [B4] and NUREG-0170 [B14]. 

11. Dry Cask Storage:

A. Latent cancer fatality risk to the public is based on very preliminary information
obtained from the ongoing NRC Dry Cask Storage PRA [B15].  The actual level of
risk may be a few orders of magnitude less.

B. Latent fatality risk to the workers is based on the judgement that the annual dose
will be approximately the same (or less) than the worker risk for spent fuel
transportation.

12. Gas Chromatographs, Fixed Gauges, Small Sources, Field Radiography, Irradiators,
Portable Gauges, Well Logging:  Values derived from NUREG/CR-6642, "Risk Analysis and
Evaluation of Regulatory Options for Nuclear Byproduct Materials Systems" [B5] (except
for prompt fatality risk to workers from irradiators - see note 14).

13. Field Radiography:  See discussion in Appendix A, Section A.6.

14. Irradiators:  A risk study to assess the impact of the proposed rule changes estimated the
current frequency of a life-threatening exposure of a worker to be about 5x10-8 per year for
a continuous facility and about 9x10-8 per year for a batch facility, when operators are
located onsite (NRC’s current requirements).  The basic risk results for not having the
operator onsite would increase the risk of an accidental irradiation of a worker at a
continuous irradiator by a factor of about 70, to approximately 4x10-6 per year.  For a batch
irradiator, the risk would increase by a factor of about 10, to approximately 1x10-6 per year.
See Appendix A, Section A.5 for further discussion.

B.2.2 Observations from Table B.1

Several interesting observations can be made from Table B.1.  First, it is seen that there are no
credible mechanisms for prompt fatalities to the public.  While prompt fatalities are, strictly
speaking, not impossible, their probabilities are exceedingly low.  Second, it is seen that for all but
the entries for gaseous diffusion plants (criticality event, noted above) and for irradiators, there are
no credible mechanisms for prompt fatalities to the workers.  For latent cancer risks to the public,
field radiography and uranium recovery are the highest risk areas.  Gaseous diffusion plants, dry
cask storage, spent fuel transportation, and gas chromatographs show the lowest risks to the
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public.  The risk numbers in Table B.1 are the individual risks to the most exposed groups in each
case.  To obtain the collective risk from each entry, the exposed population must be factored into
the assessment.

For workers, the individual annual risk ranges by a few orders of magnitude and tends to be in the
range of one in one thousand latent cancer fatalities to one in one hundred thousand latent cancers
fatalities.

Figure B.1 provides an additional perspective for these risks.  Here only the individual latent cancer
fatalities per year (LCF/yr) are shown. It is seen that, in the aggregate, the likelihood of risk to the
workers is roughly two orders of magnitude higher than the public risk.  For specific applications
public and worker risks range from three orders of magnitude apart (gaseous diffusion plant) to less
than one order of magnitude apart (in situ leach facilities and gas chromatographs).
  
In Figure B.2, the safety goal for U.S. nuclear power plant operation for latent cancer fatalities to
the public is indicated (RSG = 2E-6 LCF/yr). While this goal was developed for reactors, it may be
instructive to see how the various materials and waste facilities and activities compare to the goal
(especially since a specific goal does not yet exist for these areas). It is readily seen that this safety
goal lies midway among the various nuclear materials uses and waste areas.

Another comparison can be made to the safety goals developed In the United Kingdom. The Health
and Safety Executive has developed [B3] safety goals for the public and for workers for nuclear
plants.  There are two parameters of interest in the UK scheme. The Basic Safety Limit (BSL) is
the risk value that a facility must stay below. Reduction of the risk in a cost-beneficial way should
be achieved until the Basic Safety Objective (BSO) is achieved. Once the BSO is achieved , the
reviewers need not seek further safety improvements from the licensee. The BSL and BSO are
each given as a range of doses (associated with likelihood of occurrence).  This information is
converted here into latent cancer fatalities and shown in Figure B.2. Note that both upper bounds
(UBSL and UBSO) and lower bound (LBSL and LBSO) values are given for the BSL and the BSO.
In Figure B.2 several of the nuclear material  use and waste activities fall between the BSL and the
BSO.

Note further that the U.S. Reactor Safety Goal is bracketed by the upper bound of the UK BSO and
the lower bound of the UK BSL.  The UBSL is numerically equal to the LCF/yr implied by the an
annual dose of 100 mrem/yr, which is the public dose limit in for licensed activities under 10 CFR
20. The 25 mrem/yr residual dose limit for certain regulated activities (e.g. License Termination
Rule) corresponds to 1.25E-5 LCF/yr, which is midway (logarithmically) between the UBSL and
LBSL in Figure B.2.

In Figure B.3, the worker safety goal developed by the UK is compared against the predicted latent
cancer risks for the materials use and waste areas.  These are again shown as a BSL and a BSO.
Comparable goals (for accidental releases) have not yet been developed in the U.S. It is seen that
some of the facilities and activities display risks between the BSL and BSO, a few are above the
BSL, and one is below the BSO.  For reference, the occupational dose limit of 5 rem/yr in the U.S.,
corresponds to 2.5E-3 LCF/yr and this is above all of the risks shown in Figure B.3.
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Table B.1:  Preliminary Annual Risk Estimates - For Perspective
(Notes 1, 2, 3, 4, 5)

Preliminary Risk Estimates for Materials Use and Waste Areas - from Case Studies and Other Risk Studies

Risk
Measure
per yr.

Trojan
Site

Decom.
(Note 6)

Uranium Recovery
(Note 7)

Paducah
GDP

(Note 8)

Transport Dry
Cask

Storage
(Note 11)

Gas
Chrom.
(Note 12)

Fixed Gauges
(Note 12)

Small
Sources,

incl.
Static
Elim.

(Note 12)

Field 
Radio-
graphy

(Note 12,
13)

Irradiators
(Note 12) 

Portable
Gauges
(Note 12)

Well
Logging
(Note 12)

Mill ISL
Trojan
Vessel
(Note 9)

Spent
Fuel

(Note 10)
Gamma Beta

Individ.
Prompt
Fatality
Risk to
Public

NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC

Individ.
Latent
Cancer
Fatality
Risk to
Public

5x10-7 4x10-5 4x10-5 3x10-7 1x10-5

(3x10-4)
2x10-8 10-8 1x10-7 8x10-6 8x10-6 2x10-6 3x10-5 7x10-6 3x10-6 5x10-6

Individ.
Prompt
Fatality
Risk to
Workers

NC NC NC NC NC NC NC NC NC NC NC NC
5x10-8

4x10-6

(Note 14)
NC NC

Individ.
Latent
Fatality
Risk to
Workers

1x10-4 2x10-3 10-4 3x10-4 3x10-2

(7x10-2)
2x10-5 2x10-5 2x10-7 4x10-5 1x10-4 2x10-5 2x10-3 2x10-4 5x10-4 1x10-3

Refer to notes in Appendix B, Section B.2.1, when reviewing this table.
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Figure B2: Indiv. Latent Cancer Fatalities-Public
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Figure B3: Indiv. Latent Cancer Fatalities-Worker
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