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Date	 Date 

(1) Minutes ofJoint Subcommittee Meeting held onJanuary 13-14, 2000, dated March 2,2000. 



1. Opening Remarks 

(Michael T. Markley was the Designated Federal Official for this meeting) 

Dr. Thomas S. Kress convened the meeting at 8:30 a.m. on January 13, 2000. He explained 
that the purpose of the meeting was to discuss the role of the Nuclear Regulatory Commission's 
defense in depth philosophy in the regulatory process, including its role in the licensing of a 
high-level waste repository, its role in revising the regulatory structure for nuclear reactors, and 
how the two applications should be related to each other. He noted that the discussion would 
also include the role of defense in depth in the regulation of nuclear materials applications, and 
other related matters. He then introduced three invited experts: Dr. Thomas Murley, former 
director of the NRC Office of Nuclear Reactor Regulation, Dr. Robert Budnitz, former director of 
the Office of Nuclear Regulatory Research, and Mr. Robert Bernero, former director of the Office 
of Nuclear Material Safety and Safeguards. 

2. Presentations by Joint Subcommittee Members 

Dr. Kress began the discussions with a presentation of his views on defense in depth and its 
role in a risk-based regulatory system. He described defense in depth as a design and 
operational philosophy for dealing with uncertainty in risk assessment. He then noted that this 
description lacks both precision, which he described as establishing "design-to" requirements, 
and limits,which he stated are necessary to determine when sufficient defense in depth has 
been provided. To deal with these shortcomings, he suggested that a design defense in depth 
philosophy consist of four principles: (1) prevent accidents from starting (initiation), (2) stop 
accidents at early stages (intervention), (3) provide for mitigating release of the hazard vector 
(mitigation), and (4) provide sufficient instrumentation to diagnose the type and progress of any 
accident (diagnosis). He then offered the following definition: "Design defense in depth is a 
strategy of providing design features to achieve acceptable risk (in view of the uncertainties) by 
the appropriate allocation of the risk reduction to both prevention and mitigation." He concluded 
that this definition could be implemented to put limits on defense in depth by emphasizing 
"appropriate allocation" to prevention and mitigation. Risk acceptance criteria must be specified, 
and criteria must be chosen to reflect the relative preference for prevention versus mitigation. 

Dr. Budnitz commented that Dr. Kress's principles and definition appeared to exclude facility 
siting as a component of defense in depth. Dr. Kress acknowledged that siting could be an 
element of defense in depth. 

Following Dr. Kress's presentation, Dr. Garrick presented his thoughts on a conceptual 
framework for the quantification of defense in depth. He used the structure of a probabilistic 
risk assessment for a boiling water reactor, starting with the frequency distributions of initiating 
events. By combining the initiating event frequency distributions with the frequency distributions 

. of safety system unavailabilities, a distribution of core damage frequency can be obtained. By 
calculating the core damage frequency distribution both with and without the availability of a 
particular safety system, he argued that the contribution of that safety system to reducing core 
damage frequency could be quantified. Such a process can thus be used to quantify the role of 
various protection systems in reducing core damage frequency, and hence quantify their 
contribution to defense in depth. 
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Dr. Garrick acknowledged that application of a similar process to a nuclear waste repository 
needed to account for the fact that passive systems and the natural geologic setting would 
dominate the analysis. Nonetheless, he argued that the contribution to overall performance of 
individual components, such as the fuel cladding or back-fill, could be quantified in a similar 
manner. In all cases, the performance measure could be calculated with and without the 
contribution of a particular barrier or design feature, and hence a quantitative measure of that 
barrier's contribution to defense in depth could be established. 

Following Dr. Garrick's presentation, Dr. Apostolakis presented a perspective on defense in 
depth prepared by Dr. Dana Powers, Chairman of the Advisory Committee on Reactor 
Safeguards, who was unable to attend this meeting of the Joint Subcommittee. In Dr. Power's 
view, defense in depth is a strategy that developed in the reactor safety community because 
there was little experience in the operation of nuclear power plants, and there were great 
uncertainties in both the likelihood of occurrence of accidents and their possible consequences. 
He notes that two schools of thought have developed on defense in depth, with the structuralist 
school holding that specific requirements for defense in depth are embedded in the regulations, 
and the rationalist school advocating defense in depth can be limited to accommodating 
uncertainties that cannot be quantified. Dr. Powers sees the possibility of a paradox arising in 
the rationalist approach when analyses are used to specify where defense in depth is applied to 
protect against the possibility that the analyses are wrong. Dr. Powers concludes that the 
conditions that encouraged the development of defense in depth for nuclear reactors are 
generally not present in the activities of nuclear material licensees. In particular, in many cases 
consequences are easily bounded, there is a wealth of operating experience, severe accidents 
with large consequences develop slowly, and phenomenological uncertainties are modest. He 
would therefore argue against the general imposition of a defense in depth philosophy on 
materials licensees. 

Following his presentation of Dr. Powers' views, Dr. Apostolakis presented his own thoughts. 
He posed the question, "What is it that has changed over the years that has made us have 
meetings like this, pUblish papers, and think about defense in depth and its role in reactor 
regulation?" He then suggested that the answer is " ... uncertainties that forced the pioneers 
to come up with defense in depth now ... can be quantified, whereas in those days they could 
not quantify them." He then suggested that the potential conflict is between those who take 
defense in depth as a principle, and those who use defense in depth as a standard engineering 
tool to determine the level of risk and quantify uncertainty. He offered the following definition: 
"Defense in depth is a safety philosophy that requires that a set of provisions be taken to· 
manage unquantified uncertainty associated with the performance of engineered systems." He 
argued that calling defense in depth a "principle" makes it impervious to analysis, and that 
focusing on unquantified uncertainty forces an examination of the quality of the analysis and 
suggests improvement. He also held that "multiple barriers" and "defense in depth" were not 
identical concepts. He concluded that Dr. Powers' recommendation against imposing defense 
in depth on nuclear materials licensees could be justified when there are no unquantified 
uncertainties in such applications. 
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3. Presentations by Invited Experts 

Dr. Budnitz began by describing what he perceived to be an ambiguity in the NRC's proposed 
10 CFR Part 63 for a high-level waste repository at Yucca Mountain. Specifically, Part 63 would 
require that the repository comprise multiple barriers, as dictated by the Nuclear Waste Policy 
Act, but the Supplementary Information to Part 63 states that, "The Commission does not intend 
to specify numerical goals for the performance of individual barriers." The Supplementary 
Information goes on to state, "The proposed requirements will provide for a system of multiple 
barriers ... to ensure defense in depth and increase confidence that the postclosure 
performance objective will be achieved." Dr. Sudnitz argued that the net result of these 
statements was to establish a requirement for defense in depth, and yet provide no gUidance on 
how compliance with that requirement would be judged. He contended that eventually the NRC 
would need to provide guidance on the relative contribution of each barrier to meeting the 
performance standard, or on the process for determining that sufficient defense in depth had 
been provided in the design. He concluded by saying, "Without specificity, you don't know how 
to regulate." 

Dr. Murley began his discussion by saying that, based on his experience, "... defense in depth 
is not a regulatory requirement. It's not a principle. It never was. I would characterize defense in 
depth as an after-the fact explanation to Congress and to the public of how NRC achieves safety 
for reactors." Dr. Murley stated that he reviewed a 1989 document which presented findings on 
the Shoreham nuclear plant emergency plan. The document identified emergency 
preparedness as one element of the defense in depth philosophy, and identified the other levels 
of defense in depth as related to preventing accident initiators, terminating accident sequences, 
and mitigating the effects of accidents. He noted, however, that in judging the licensability of 
Shoreham, the specific features of the facility were compared to specific requirements in the 
regulations, not to attributes of defense in depth. He indicated that the defense in depth 
philosophy shaped the regulatory staff's thinking about reactor safety issues, and directed 
attention to events that might defeat several levels of defense. He noted, for example, that 
following the Chernobyl accident, he realized that safety culture was an extremely important 
safety concept because a poor safety culture had the potential to defeat several defense-in
depth barriers. He said that defense in depth should continue to be a guiding philosophy 
because it is a good way to think about safety, but that it should not be made a regulatory 
requirement. Dr. Murley concluded his remarks by saying that he supported the development of 
risk-informed regulation, but cautioned that it should not be allowed to become a code word for 
deregulation. He was uneasy with the notion of elevating defense in depth to the level of a 
principle or a requirement, and also with any attempt to allocate numerical goals to the levels of 
defense in depth. 

Following pro Murley, Mr. Semero began his presentation with the definition of defense in depth 
from SECY-98-144, "White Paper on Risk-Informed and Performance-Based Regulation." The 
definition reads, in part, "Defense in depth is an element of the NRC's Safety Philosophy that 
employs successive, compensatory measures to prevent accidents or mitigate damage ... 
Mr. Bernero suggested that there is an overarching philosophy of defense in depth as a strategy 
of safety analysis. He further suggested that the defense in depth strategy should prevent 
undue reliance on any single contributor to safety, such as the rarity of an initiating event, a 
design feature, a barrier or a performance model. He noted that the current safety goals and 
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objectives lacked clarity with respect to intended span of protection (e.g. public safety vs. worker 
safety) and the range of authorized practices (e.g. reactors, fuel cycle facilities, and industrial 
uses). He also noted that the role of defense in depth in reactor safety was different than its role 
in materials regulation. In the regulation of waste disposal, he concluded that defense in depth 
definitely applies to the barriers to release. He also said the proposed Part 63 used a sound 
approach to defense in depth, and encouraged the development of the body of information 
required to exercise judgement. He felt that graded goals were needed for graded uncertainties, 
ranging from clearly acceptable to tolerable to unacceptable. 

Following Mr. Bernero's presentation, Dr. Apostolakis suggested defining several points that 
could be used to focus the discussion for the remainder of the morning. Subcommittee 
members agreed, and the points that were selected were (1) whether or not defense in depth 
should be placed in the context of uncertainty, (2) should defense in depth involve the allocation 
of risk to prevention and mitigation, (3) how defense in depth should be used in the high level 
waste repository, (4) whether or not licensing decisions should be made solely on probabilistic 
risk assessments or total system performance assessments, and (5) should the NRC establish 
and regulate to risk acceptance criteria? 

Dr. Apostolakis said that the reason we are revisiting the issue of defense in depth is that we 
can now quantify much of the uncertainty associated with system performance. He held that 
defense in depth was an inappropriate term for uncertainties that have been quantified. He 
would reserve the term defense in depth for dealing with unquantified uncertainties. 

Dr. Garrick challenged Dr. Kress's idea of specifying the allocation of risk reduction between 
prevention and mitigation. Dr. Kress responded that he considered a high level allocation to be 
appropriate. Specifically, he had in mind an allocation between core damage frequency and 
conditional containment failure probability. Dr. Budnitz and Mr. Bernero argued that the 
distinction between prevention and mitigation was difficult to determine in the context of a high 
level waste repository. Dr. Apostolakis argued that perhaps allocation was not the correct 
concept for reactors, because core damage events are considered undesirable in and of 
themselves. 

Dr. Budnitz noted that when Part 60 was written, there was not a great deal of confidence in 
what is now called performance assessment. Because of that, he believes, the staff felt it 
necessary to include subsystem requirements such as ground water travel time. Since 
performance assessment has now been developed to the point where it merits substantial 
confidence, specific performance criteria for individual barriers are no longer necessary or 
appropriate. Dr. Apostolakis asked what were the major unquantified uncertainties in 
performance assessment. Dr. Budnitz replied that they were model uncertainties. 

Dr. Wymer gave a brief discussion of chemical uncertainties for the high level waste repository. 
He identified the corrosion behavior of the canister material, the formation of secondary 
precipitates in the fuel material that would tend to delay the release of radionuclides, and the 
effects of backfill material such as depleted uranium dioxide. Mr. Levenson pointed out that not 
all the uncertainties were negative, and that in fact a substantial number were positive. 
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4. Presentations by the Office of Nuclear Material Safety and Safeguards 

John Greeves, Director of the Division of Waste Management, introduced the speakers for the 
Office of Nuclear Material Safety and Safeguards, Dr. Norman Eisenberg and Ms. Christiana 
Lui. Dr. Eisenberg began with a discussion of motivations for examining defense in depth in 
materials applications. First, the activity to develop a framework for risk-informing materials 
regulation as proposed in SECY-99-100, "Framework for Risk-Informed Regulations in the 
Office of Nuclear Material Safety and Safeguards," requires consideration of the role of defense 
in depth in that framework. Also, proposed 10 CFR 63 addresses defense in depth through 
multiple barriers. Other relevant activities include risk informing the regulation of interim spent 
fuel storage facilities, consideration of integrated safety assessments for fuel cycle facilities, and 
risk informing transportation regulations. 

Dr. Eisenberg stated that the regulatory environment NMSS deals with includes considerable 
diversity, with facility complexity ranging from smoke detectors to gaseous diffusion plants, and 
hazard levels ranging from small to substantial. The types of risk are also diverse, and include 
both risks to workers and to members of the public from normal operations and accidents. He 
noted that the principal factors affecting the current requirements for defense in depth in 
materials applications include the nature of licensees and activities regulated and the current 
mix of risk-informed, performance-based and prescriptive, deterministic regulations. He noted 
that for some licensed activities, the hazard does not warrant very strong preventive measures 
of any type. He characterized the overall NMSS safety philosophy as providing reasonable 
assurance of protecting public health and safety, the common defense and security, and the 
environment. He stated that concepts that assisted in achieving defense in depth in this context 
included safety margin, diversity, redundancy, no single point of failure, and quality assurance. 
Referring to the May 19, 1999 ACRS letter to the Commission on the role of defense in depth in 
a risk-informed regulatory system, Dr. Eisenberg noted that the "rationalist" approach to defense 
in depth articulates a philosophy that relates defense in depth to the residual uncertainties in the 
system. He then stated that NMSS considers the rationalist approach appropriate for risk
informed, performance-based regulation. 

Dr. Apostolakis asked whether residual uncertainties were the same as unquantified 
uncertainties. After some discussion, it was agreed that residual uncertainties would not include 
quantified uncertainties. Dr. Eisenberg went on to list the types of uncertainty in safety 
assessments as parameter, model, scenario, and programmatic. Dr. Apostolakis commented 
that he would consider model uncertainty to include scenario and programmatic uncertainty, and 
Dr. Garrick agreed. Dr. Eisenberg went on to characterize the two types of residual uncertainty 
as incompleteness in the state of knowledge (Type 1) and incompleteness in the safety analysis 
(Type 2). He then drew a distinction between defense in depth and margin by describing margin 
as the difference between the expected performance of a system and a safety limit. He 
characterized defense in depth as the ability of a system to compensate for unanticipated 
performance resLJlts owing to limitations on knowledge. 

As a means of illustrating the important relationships, Dr. Eisenberg displayed a graphic relating 
uncertainty in performance, relative hazard, and defense in depth. Little defense in depth would 
be indicated for low hazard systems, such as a smoke detector, even if their safety performance 
was highly uncertain. More defense in depth would be indicated in well understood situations 
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involving relatively higher hazard, such as gamma radiography. Defense in depth requirements 
would be greatest where performance characteristics involved substantial uncertainties and/or 
where potential hazards were the highest. Dr. Garrick cautioned that there might be system 
properties not adequately represented in the graphic, such as the stored energy in a reactor, 
that would influence the degree of risk involved. 

Dr. Eisenberg summarized his presentation by saying that defense in depth is related to, but 
different from, other safety concepts such as margin, redundancy and diversity. He further 
suggested it can be implemented as an overall system requirement rather than a set of 
subsystem requirements, and that the degree of defense in depth required is proportional to the 
residual uncertainties. Dr. Apostolakis suggested, as an alternative, that the residual uncertainty 
might be examined for each element of the system (each subsystem), and then the degree of 
defense in depth could be determined by combining those uncertainties so as to represent the 
uncertainty of the whole system. Dr. Eisenberg agreed. 

Dr. Eisenberg concluded his presentation with a partial list of issues to be resolved. The list 
included how to measure the degree of defense in depth, how to measure the degree of 
uncertainty in the performance of a system, and how to measure the degree of potential hazard 
posed by a system. The list also included how to make reasonable tests for sufficient defense in 
depth in light of incomplete knowledge, and how to communicate to stakeholders the flexibility 
inherent in a risk-informed, performance-based approach to defense in depth. Dr. Kress agreed 
that it was a good list of issues, but thought that further explanation was needed on the term 
"degree of hazard." 

Following Dr. Eisenberg, Ms. Christiana Lui discussed implementing the multiple barrier 
requirement in a geologic repository for high-level waste. She noted that the public comment 
period on the proposed rule governing the disposal of high level wastes at Yucca Mountain, 10 
CFR Part 63, ended on June 30, 1999, and that the final rule was due to the Commission by 
March 31, 2000. She stated that mUltiple barriers would be implemented as an assurance 
requirement in Part 63 to provide confidence that known uncertainties are appropriately 
captured in the compliance demonstration calculations and that the repository system is 
sufficiently robust to account for imperfect knowledge. She indicated that the process required 
of the Department of Energy (DOE) would be to assess all negative impacts on safety, identify 
all barriers, quantify the capabilities of the barriers, and show that safety does not wholly depend 
on any single barrier. This point was discussed at some length by the subcommittee members 
and the invited experts. Dr. Apostolakis and Dr. Garrick were concerned that "shoWing safety 
does not wholly depend on a single barrier" appeared to discourage prOViding a single barrier 
that could, by itself, meet the performance goal. Mr. Bernero suggested that "Wholly depend" 
be replaced with "unduly depend." Dr. Budnitz argued that "wholly depend" was acceptable 
because it permitted two or more barriers, each of which could meet the performance standard 
alone. 

Ms. Lui co.ntinued, saying that the demonstration of multiple barriers consisted of showing that 
the balance of the repository system has the ability to compensate for an under-performing 
barrier so public health and safety are protected. Dr. Apostolakis suggested that the under
performance scenarios chosen for analysis should include consideration of their probability of 
occurrence. Dr. Eisenberg responded that the under-performance would be related to the 
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degree of uncertainty in that particular barrier. Dr. Budnitz expressed concern that no criteria 
were being established to determine when the results of a particular under-performance 
analysis would result in denying a license. 

Ms. Lui concluded by saying that mUltiple barriers were a legislative requirement. DOE must 
show that both geologic and engineered barriers contribute to safety, and that the repository 
system has the ability to compensate for the under-performance of anyone barrier. There 
followed substantial discussion among the subcommittee members and invited experts as to 
whether this process could be sufficiently well defined and whether clear acceptance criteria 
could be established. In closing the NMSS presentation, Mr. Greeves noted that the proposed 
rule (Part 63) was still under development, and that the comments offered by the subcommittee 
and invited experts were helpful and would be taken into consideration. 

5.	 Presentation by Offices of Nuclear Reactor Regulation and Nuclear Regulatory 
Research 

Following a ten minute recess, Gary Holahan of the Office of Nuclear Reactor Regulation (NRR) 
and Tom King of the Office of Nuclear Regulatory Research (RES) presented a perspective on 
defense in depth for risk informing 10 CFR Part 50, the regulations governing the design, 
construction and operation of nuclear reactors. Mr. Holahan began by noting that there is no 
formal regulation or policy statement on defense in depth, and that the reactor program was 
starting from the same philosophical base as the materials program. The defense in depth 
philosophy is included in reactor regulation (through, for example, the General Design Criteria), 
the licensing and license amendment processes, and the reactor oversight program. Current 
Part 50 requirements include defense in depth considerations, such as provisions for accident 
prevention and mitigation, the single failure criterion, redundancy and diversity requirements, 
multiple barriers to fission product release, and quality of design and operation. He said the 
physical barriers, functional barriers, or risk allocation as suggested by Dr. Kress, could all be 
manifestations of defense in depth. As an example of functional barriers, he cited preventing 
accident initiators, providing safety systems to terminate accident sequences, providing safety 
systems for mitigation such as containment, and planning for accident management. Physical 
barriers are represented by the fuel pellet, cladding, reactor coolant system, containment, and 
the exclusion area. He pointed out that the structure and content of the General Design Criteria 
in 10 CFR 50 Appendix A reflected the defense in depth philosophy. 

Mr. Holahan discussed the new reactor oversight program, and pointed out that it was structured 
using cornerstones which were chosen to reflect defense in depth. For example, the 
cornerstones for reactor safety are initiating events, mitigation systems, barrier integrity and 
emergency preparedness. Furthermore, in evaluating licensee performance relative to these 
cornerstones, the regulatory response is graded according to the perceived threat to, or 
weakening of, defense in depth. 

Mr. Holahan next discussed the current issues related to application of defense in depth in risk
informed reactor activities. In the reactor licensing and license amendment process as reflected 
in Regulatory Guide 1.174 (An Approach for Using Probabilistic Risk Assessment in Risk
Informed Decisions on Plant-Specific Changes to the Licensing Basis, July 1998), maintaining 
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the defense in depth philosophy is one of the five safety principles considered in evaluating 
proposed changes. Defense in depth is considered to have seven elements: 

•	 balance between prevention and mitigation
 
avoiding over-reliance on programmatic activities
 

•	 system redundancy, diversity, independence
 
defense against common cause failures
 

•	 independence of barriers
 
defense against human errors
 

•	 meeting the intent of the General Design Criteria 
• 

The process for evaluating license amendment requests based on risk arguments includes 
testing the proposed amendment against the above elements to ensure that an appropriate level 
of defense in depth is maintained. 

Dr. Apostolakis stated his belief that the staff's views on maintaining the defense in depth 
philosophy implicitly assumed its application to the current generation of nuclear power plants. 
Mr. Holahan responded that the application also extended to the currently proposed evolutionary 
and advanced reactors. He noted that reactor applications of defense in depth were different 
from typical materials applications because reactor regulation primarily provided protection from 
low probability, high consequence events. As a result, defense in depth judgements were 
usually based on very limited experience. A brief discussion followed among Dr. Budnitz, Dr. 
Apostolakis, Mr. King and Mr. Holahan on the degree to which operating reactor events 
analyzed in the accident sequence precursor (ASP) program provided confidence in our 
understanding of reactor accidents. Dr. Apostolakis held that system unavailabilities obtained 
from the ASP program were consistent with those from current probabilistic risk assessments, 
and therefore indicated that "what we are doing is not off the mark." 

The NRC is currently pursuing two projects to develop risk-informed revisions to 10 CFR Part 
50, referred to internally as Option 2 and Option 3, both of which involve developing a working 
definition of defense in depth. Mr. Holahan concluded by describing the objective of Option 2, 
the project being carried out by NRR. Option 2 will look at issues related to operational 
performance and those parts of the plant that get special treatment such as quality assurance, 
technical specifications and maintenance. "Risk-informing" will involve changing the scope of 
the rules from those systems, structures and components (SSCs) now designated as "safety 
related," to those which would be designated as "risk-significant." The process of designating 
SSCs as risk-significant will involve not only probabilistic risk assessments, but also insights 
from experienced plant personnel. Dr. Apostolakis observed that the degree to which the seven 
identified elements of defense in depth are maintained in this process could depend on the 
quality and quantity of risk information supported by applicable experience. 

At this point, Mr King picked up the discussion and described the Option 3 technical study being 
conducted in the Office of Research. He said that while Option 2 was looking at the scope of 
what ought to be regulated based on risk insights, Option 3 was looking at the functions and 
design requirements that should be changed based on risk insights. He noted that the related 
policy issues, whether or not a definition of defense in depth was needed in the Safety Goal 
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Policy and whether or not a separate policy statement was needed on defense in depth, would 
be the subject of a separate ACRS briefing within the next month or two. 

Mr. King said that both Option 2 and Option 3 depended on developing a working definition of 
defense in depth that provides multiple lines of defense, balance between prevention and 
mitigation, and a framework to address uncertainties in accident scenarios. He suggested that 
the definition should consist of two parts: fundamental elements that should be present in all 
cases, and implementation elements that may vary depending on uncertainty and risk goals. He 
characterized the fundamental elements as "structuralist" and the implementation elements as 
"rationalist," implicitly referring to the May 19,1999 ACRS letter to the Commission on defense 
in depth. The fundamental elements would build on the cornerstone concept and address 
initiating events, prevention of core melt, fission product containment and emergency planning. 
Prevention and mitigation would be assured by providing reliable core melt prevention for all 
credible initiating events, by providing the ability to contain fission products given a core melt, 
and by providing emergency planning and response. Overall, the fundamental elements would 
assure a balance between prevention and mitigation to achieve a level of safety consistent with 
a core damage frequency less than or equal to 10 to the minus four per reactor year, and a large 
early release frequency less than or equal to 10 to the minus five. He then described a 
conceptual framework based on the cornerstones to achieve this balance between prevention 
and mitigation, and in addition limit the frequency of significant dose to an offsite individual to 10 
to the minus six. 

A lengthy discussion of the framework and its implementation followed. Drs. Garrick and Kress 
questioned whether the effects of emergency response were included in the goal for large early 
release. Mr. King responded that it was. Dr. Kress asked if there were different responses for 
frequent vs. infrequent initiators. Mr. Holahan responded that it will probably turn out that 
systems important for more frequent initiators, such as small break loss of coolant, will be 
unimportant for less frequent initiators, such as very large breaks. Dr. Apostolakis questioned 
why the goals and indicators should not be site specific. Mr. Holahan responded that he didn't 
think that level of refinement could be justified. .or. Kress agreed. Dr. Apostolakis suggested 
that limits be established in addition to goals; for example, in addition to a goal of 10 to the 
minus four for core damage frequency, an acceptability limit of 10 to the minus three could be 
established. Dr. Kress suggested that the goal for conditional containment failure probability 
should be lowered in order to minimize the uncertainty in large early release frequency. Mr. 
King agreed to give their suggestions some thought. 

Mr. King concluded by stating that neither the probabilistic goals nor a definition of defense in 
depth would be included in the regulations. Instead they would be used to derive deterministic 
requirements that would be in the regulations. Dr. Kress and Dr. Apostolakis indicated that they 
liked the overall approach. 

6.	 Presentations by the Nuclear Energy Institute, Electric Power Research Institute, 
and Westinghouse. 

Alex Marion of the Nuclear Energy Institute (NEI), introduced Rodney McCollum, the NEI project 
manager involved in high level waste management. Mr. McCollum acknowledged the need for 
decision-making tools to address uncertainty, but he questioned the applicability of reactor 
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The U. S. Nuclear Regulatory Commission (NRC) Joint Subcommittee of the Advisory 
Committee on Reactor Safeguards (ACRS) and the Advisory Committee on Nuclear Waste 
(ACNW) held a meeting on January 13-14, at Two White Flint North, Room T-2 B 3, 11545 
Rockville Pike, Rockville, Maryland. The purpose of this meeting was to provide a forum for 
attendees to discuss and take appropriate action on the items listed in the agenda (Appendix B). 
The entire meeting was open to the public. 

A transcript of the meeting is available in the NRC's Public Document Room at the Gelman 
Building, 2120 L Street, NW, Washington, DC 20555-0001. Copies of the transcript are 
available for purchase from Ann Riley & Associates, Ltd., 1025 Connecticut Ave, NW, Suite 
1014, Washington, DC 20036. Transcripts are also available for downloading from, or reviewing 
on, the Internet at http://www.nrc.gov/ACRSACNW. 

ATTENDEES 

Joint Subcommittee members who attended this meeting were Dr. Thomas S. Kress, ACRS, 
Joint Subcommittee Co-Chairman, Dr. B. John Garrick, ACNW, Joint Subcommittee Co
Chairman, Dr. George Apostolakis, ACRS, and Dr. Raymond Wymer, ACNW. Also present 
were Mr. Milton Levenson, consultant to the ACNW, and invited experts Dr. Thomas E. Murley, 
Dr. Robert J. BUdnitz, and Mr. Robert M. Bernero. NRC staff presentations were made by John 
Greeves, Norman Eisenberg and Christiana Lui of the Office of Nuclear Material Safety and 
Safeguards, Gary Holahan of the Office of Nuclear Reactor Regulation, and Thomas King of the 
Office of Nuclear Regulatory Research. Presentations or prepared statements were also made 
by industry representatives Alex Marion and Rodney McCollum of the Nuclear Energy Institute, 
Gary Vine of the Electric Power Research Institute, and Brian Mcintyre of Westinghouse Electric 
Company. For a list of other attendees, see Appendix C. 

-2



notions of defense in depth to the repository development process. He cited his prior 
experience as a Department of Energy manager, and the difficulties he encountered trying to 
make NRC regulatory requirements apply to DOE facilities. Mr. McCollum held that the 
differences between Yucca Mountain and reactors are so fundamental that it is impossible to 
relate reactor defense in depth to multiple barriers in the repository. He questioned whether 
defense in depth was an appropriate term for Yucca Mountain, and suggested using the term 
mUltiple barriers instead. He concluded that DOE then needs to address what each of the 
barriers means to the safety case, and what the uncertainties are. 

Mr. Marion next offered comments from the perspective of operating reactors. Referring to Dr. 
Murley's earlier admonition regarding elimination of barriers, Mr. Marion supported that 
admonition, but counseled staying alert for opportunities to use risk insights and operating 
experience to better define implementation of specific barriers. Mr. Marion said that the defense 
in depth philosophy balanced with risk-informed approaches is fundamental to the industry's 
thinking on regulatory reform, specifically in risk informing 10 CFR Part 50. 

Dr. Apostolakis, also referring to Dr. Murley's caution and a possible perception that risk
informed regulatory approaches were being used to remove regulatory requirements, held that 
the opposite has been true in the past. He said that, for the past 20 years, where PRA 
indicated additional requirements were needed, the NRC had acted to establish those 
requirements and had thereby created a somewhat hostile industry view of PRA. He noted that 
if the agency is finally looking at removing some requirements, it should not be forgotten that 
many were already added. Dr. Kress expressed his agreement. 

Mr. Marion then introduced Gary Vine of the Electric Power Research Institute. Mr. Vine 
described how defense in depth had been implemented in the Advanced Light Water Reactor 
Utility Requirements Document, and its implications on the balance between prevention and 
mitigation. He described how PRA was used in the development of the ALWR designs to 
achieve calculated core damage frequencies of much less than 10 to the minus 5. The strategy 
to ensure licensability was to provide demonstrable margin between regulatory requirements 
and actual design performance. Mr. Vine concluded that risk-informed regulation was essential 
for future advanced reactor deployment, and that the "rationalist model" (as described in the 
May 19, 1999 ACRS letter mentioned earlier) should be the future approach to defense in depth. 
He noted that the International Nuclear Safety Advisory Group (INSAG) recommended a 
structural model for defense in depth, and that he thought U.S. leadership to promote the 
rationalist model was important. 

Following Mr. Vine's presentation, Brian Mcintyre of Westinghouse discussed the 
implementation of defense in depth in the design of the Westinghouse AP-600 advanced light 
water reactor. He explained the role of PRA in establishing design features, and the multiple 
levels of defense in depth that included non-safety active systems and passive safety features. 
He indicated that the basic difficulty encountered with the NRC licensing staff was understanding 
the staff's desired balance between prevention and mitigation, and how it could be determined 
when sufficient mitigation had been provided. In one example of trying to determine this 
balance, the staff required the addition of a containment spray to the AP-600, a requirement that 
the ACRS endorsed in a June 17, 1997 letter to the Commission. Mr. Mcintyre suggested that 
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the decision making processes for defense in depth discussed earlier in the day by Mr. King and 
Mr. Holahan of the NRC staff might now lead to a different conclusion. 

Following the Westinghouse presentation, the meeting was recessed until the following morning. 

7. Roundtable Discussions 

Dr. Kress reconvened the meeting at 8:30 a.m. on Friday, January 14, 2000. He asked Dr. 
Garrick if he had any opening remarks. Dr. Garrick said the previous day's discussions had 
highlighted the large differences between reactor applications and materials applications, and 
also the large differences among materials applications. He suggested that part of the meeting 
be devoted to non-high-Ievel waste issues, and how defense in depth might apply to those. He 
then noted that one of the objectives coming into the meeting was to try to identify an 
overarching philosophy of defense in depth, and suggested that some time be spent on that 
issue. Dr. Apostolakis agreed with Dr. Garrick's comments, and further suggested that if the 
Joint Subcommittee was going to prepare a letter the discussion be structured around specific 
points to be included in the letter. Dr. Budnitz questioned whether it was either necessary or 
desirable to seek an overarching philosophy. Mr. Bernero suggested first trying to characterize 
defense in depth, then considering the application of risk information to defense in depth, and 
finally discussing applications in specific fields such as reactors, materials, or high level waste. 
There was general agreement to that approach. 

There was a lengthy discussion of whether or not the characterization of defense in depth in 
SECY-98-144, "White Paper on Risk-Informed and Performance-Based Regulation," was an 
appropriate starting point, or whether changes were required. Dr. Budnitz argued against trying 
to do too much with a single definition. Mr. Holahan observed that if the ACRS and ACNW says 
nothing about the definition, then the words in the white paper are left in place. Dr. Apostolakis 
felt strongly that the concept of defense in depth as a means to address uncertainty should be 
made explicit. Dr. Kress thought it was important to retain the idea of successive protective 
measures. Dr. Garrick thought the definition in the white paper communicated the idea of 
defense in depth well. Mr. Levenson suggested the Subcommittee accept the white paper 
definition of defense in depth, and concentrate instead on describing how its application should 
be different for reactor, waste repositories, and other material applications. Dr. Wymer 
expressed support for that approach. Dr. Apostolakis noted that the ACRS's May 19, 1999, 
letter to the Commission said that defense in depth has been invoked primarily to compensate 
for our uncertainty in the knowledge of accident progression at nuclear power plants, and that 
applications of defense in depth should be justified with respect to both necessity and 
sufficiency. He then reiterated his position that "uncertainty" should be part of any definition. Dr. 
Larkins suggested proceeding with a discussion of the implementation of defense in depth, and 
then revisiting the definition if that appeared necessary. 

Mr. Markley suggested that rather than revisiting the definition, the application of defense in 
depth could be clarified in a policy statement or similar document, and then elements or sub
elements for various applications could be identified. Dr. Garrick thought this approach could 
accomplish the goal of identifying the "overarching" aspects of defense in depth. Mr. Bernero 
suggested that the application of defense in depth should be risk-informed. Dr. Kress agreed 
that risk-informed defense in depth provided the correct perspective for reactor applications, and 
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noted that this idea was consistent with the presentation made earlier in the meeting by Mr. King 
and Mr. Holahan. Dr. Garrick noted that one difference between the high level waste repository 
and reactors is the lack of performance data for the repository, which he cited as a reason for 
not establishing subsystem requirements. He argued that the regulatory requirements for the 
repository should focus on the performance measure rather than on surrogates of that measure. 
Dr. Apostolakis pointed out that Dr. Garrick's viewpoint was consistent with the idea that there 
were large uncertainties associated with the performance of each barrier, and that the decision 
on allocating performance among the barriers was simply being postponed. Mr. Levenson 
added that uncertainty is important only if the consequences of that uncertainty are serious. 

Dr. Apostolakis summarized his position with three points: (1) defense in depth was developed 
to manage uncertainty, (2) if the uncertainties are quantified, there is a way to limit defense in 
depth, (3) it would be acceptable to use the term "risk-informed defense in depth" for quantified 
uncertainties. Dr. Eisenberg reinforced Mr. Levenson's comment by noting that many material 
activities involved very small risks, and that protective measures appropriate to prevent high 
radiation doses were inappropriate if the threat was very low doses. Dr. Kress commented that 
his proposed definition of defense in depth included the term "acceptable risk" for the same 
reason, that different levels of risk should result in different strategies. 

Dr. Wymer began to outline his thoughts on how a Joint Subcommittee letter emerging 'from this 
meeting might be structured. He suggested that the letter begin with a general statement of 
what is meant by defense in depth, and then develop two separate themes, one relating to 
reactors and the other relating to high level waste and materials applications..Each committee, 
ACRS or ACNW. would be responsible for developing its point of view in its area of 
responsibility. He suggested the ACNW portion of the letter comprise five points. First, there 
are uncertainties in performance assessments. Because there is much less experience with 
waste repositories than with reactors, uncertainties in repository performance are greater than 
uncertainties in reactor performance. Second, performance and risk assessment requirements 
are not as well understood for waste repositories as they are for reactors. These differences 
should be recognized in any defense in depth philosophy statements. Third, there should be 
several lines of defense against release of radioisotopes and resultant radiation exposures. 
Types and numbers of lines of defense should be directly related to the uncertainties and 
relative hazards of system performance. Fourth, defense in depth requirements for waste 
repositories and for nuclear reactors are different in very important ways. This is related to the 
physical nature of the systems and the very large time dependent and potential energy 
differences. Fifth, NRC should specify clearly how the performance assessment should be done 
in DOE's license application for Yucca Mountain. Sixth, because of the nature of the 
interactions between the NRC and license applications for complex systems, there will always 
be a strong possibility of an iterative licensing process. 

Dr. Apostolakis noted that there was a strong underlying theme about uncertainties in Dr. 
Wymer's points. Dr. Kress observed that the definition of defense in depth the subcommittee 
had been referring to was actually a footnote in the white paper on risk-informed, performance
based regulation. The paper itself discusses a relationship among risk insights, defense in 
depth, and uncertainty. Risk insights can make the elements of defense in depth clearer by 
quantifying them. Quantifying these elements and uncertainties can aid in determining how 
much defense in depth makes regulatory sense. Dr. Kress went on to say that decisions on the 
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adequacy or necessity of elements of defense in depth should reflect risk insights from the 
individual performance of each defense system in relation to the overall performance. 

Dr. Garrick suggested that the notion of risk be the prevailing notion in the proposed 
subcommittee letter. Dr. Apostolakis suggested starting by saying the main idea is to manage 
risk, and then distinguishing among the applications. Reactors would be recognized as having a 
high risk potential because of timing and energetics, waste repositories as having less stored 
energy and much longer time scales, and other NMSS activities as having lower risks and 
unique circumstances. A brief discussion among subcommittee members followed, and several 
suggestions were made to add to or modify Dr. Apostolakis' points. 

Dr. Kress suggested concluding the meeting by asking each of the invited experts to summarize 
their impressions from the past day and a half of discussion and their thoughts on what the 
proposed letter should contain. He also asked that they provide a written summary following the 
meeting. 

Mr. Bernero said he saw the white paper as the appropriate starting point. Defense in depth 
should be acknowledged as a policy, strategy, approach or philosophy, but not as a 
requirement. He thought Dr. Apostolakis had excellent arguments for associating defense in 
depth with uncertainty, but that the key idea was to avoid undue reliance on any single element 
of defense. He said it was important to admit the possibility of removing a traditional barrier, or 
omitting a traditional barrier in a new application. As an example of the latter, he cited providing 
emergency planning for a waste repository as entirely inappropriate. He concluded that 
imposition of defense in depth to the broad range of materials applications should not result in 
inappropriate requirements for situations that involve little risk. 

Dr. Budnitz stated that it would be an error to elevate defense in depth to a higher level. He 
thought it would be a better strategy to downplay its role, and that defense in depth should 
emerge from sound engineering practices rather than be imposed from the top. He 
recommended that the subcommittee downplay the idea that defense in depth is some sort of 
principle. Instead, the sUbcommittee should adopt the view that defense in depth emerges in 
different ways in, different arenas as dictated by sound engineering practice in those arenas. 
Thus it would have different manifestations in low level waste, high level waste, transportation, 
and reactors to accomplish managing risk to an acceptable level with due consideration for 
uncertainty. 

Mr. Levenson suggested that the letter might be a useful device to prevent the proliferation of 
defense in depth to fields other than reactors. It should take the position that defense in depth, 
as presently understood and utilized, applies to high energy, high risk facilities, and that the 
generic concept of not being vulnerable to a single failure for other facilities, such as a 
repository, is accomplished by multiple passive barriers. If the subcommittee says defense in 
depth is tied to risk significance, then that allows different rules for lesser facilities. 

Prior to concluding the meeting, Dr. Kress invited summary comments from the NRC staff. Mr. 
Holahan said he thought it would be useful to the staff and the Commission if the subcommittee 
recorded some of the perspectives on defense in depth articulated during the meeting. He 
noted Dr. Budnitz's view that defense in depth is not an absolute, and said that the staff has not 
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applied defense in depth in cases where the consequences or frequencies of events were very 
low. He concluded that if defense in depth is a principle, it is a derived principle rather than a 
fundamental principle. He said that uncertainties are the more important issue, and that if the 
subcommittee could shed light on where defense in depth has its largest role, that would be of 
value. 

Mr. King said that after listening to the discussion at the meeting he no longer thought a 
Commission policy statement on defense in depth was appropriate. He believed that many of 
the perspectives on the application of defense in depth discussed in the meeting were worth 
documenting, and the subcommittee might suggest a vehicle for doing so. 

Dr. Eisenberg said that the big concern of the NMSS staff is that an overarching principle geared 
to reactor regulation be imposed on materials regulation. He thought the discussion throughout 
the meeting reflected an understanding of that concern. He stated that NMSS was going to 
move further into risk-informing its regulatory practices, and that some of the traditional concepts 
of safety and defense in depth would have to change in that environment. 

Mr. Steve Hanauer of the Department of Energy said that he believed the discussions during the 
meeting over-estimated the state of knowledge and therefore underestimated the contribution 
that defense in depth and multiple barriers make to achieving acceptable levels of safety. The 
uncertainties are greater than the risk analysts generally believe. Public skepticism for some 
pronouncements from the technical community is justified, and that defense in depth and 
multiple barriers are a legitimate response to this skepticism. 

Janet Kotra of the NMSS staff pointed out that in 1983, in promulgating 10 CFR Part 60, the 
Commission invoked defense in depth and stated that the imposition of quantitative subsystem 
requirements was essential to its assurance. The present Commission has approved a different 
direction, and Dr. Kotra believes that change of direction will have to be addressed when the 
Part 63 final rule is SUbmitted. 

Dr. Garrick reiterated that the emphasis of the letter should be on trying to encourage the 
quantification of defense in depth. He expressed a lack of enthusiasm for allocation of risk or 
subsystem performance requirements. 

Following a brief discussion of the mechanics of drafting a letter, Dr. Kress adjourned the 
meeting at 11:06 a.m. 
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Federal Register/Vol. 64, No. 244/Tuesday, D~cember 21, 1999/Notices 71517 

For the Nuclear Regulatory Commission. 
David B. Matthews, 
Director, Division ofRegulatory Improvement 
Programs, Office ofNuclear Reactor 
Regulation. 
IFR Doc. 99-33022 Filed 12-20-99; 8:45 am] 
BILUNG CODE 7SlKHl1-P 

NUCLEAR REGULATORY 
COMMISSION 

t Advisory Committee on Reactor 
Safeguards and Advisory Committee 
on Nuclear Waste; Joint Subcommittee 
Meeting; Notice of Meeting 

The ACRS and ACNW Joint 
Subcommittee will hold a meeting on 
January 13-14, 2000, Room T-2B3, 
11545 Rockville Pike, Rockville, 
Maryland. 

The meeting will be open to public 
attendance. 

The agenda for the subject meeting 
shall be as follows: 
Thursday, January 13, 2000-8:30 a.m. 

untils p.m.. 
Friday, January 14,2000-8:30 a.m. 

until 12 Noon 
The Advisory Committee on Reactor 

Safeguards and Advisory Committee on 
Nuclear Waste Joint Subcommittee will 
discuss the defense-in-depth philosophy 
in the regulatory process, including its 
role in the licensing of a high-level 
waste repository, its role in revising the 
regulatory structure for nuclear reactors, 
and how the two applications should be 
related to each other. The discussion 
will also include the role of defense in 
depth in the regulation of nuclear 
materials applications, and other related 
matters. The purpose of this meeting is 
to gather information, analyze relevant 
issues and facts, and formulate 
proposed positions and actions, as 
appropriate, for deliberation by the full 
Committees. 

Oral statements may be presented by 
members of the public with the 
concurrence of the Subcommittee; 
written statements will be accepted and 
made available to the Subcommittee. 
Electronic recordings will be permitted 
only during those portions of the 
meeting that are open to the public, and 
questions may be asked only by 
members of the Subcommittee, its 
consultants, and staff. Persons desiring 
to make oral statements should notify 
the cognizant ACRSIACNW staff 
members named below five days prior 
to the meeting, if possible, so that 
appropriate arrangements can be made. 

During the initial portion of the 
meeting, the Subcommittee, along with 
any consultants who may be present, 
may exchange preliminary views 

regarding matters to be considered 
during the balance of the meeting. 

The Subcommittee will then hear 
presentations by and hold discussions 
with representatives of the NRC staff, its 
consultants, and other interested 
persons re~arding these matters. 

Further mformation regarding topics 
to be discussed, whether the meeting 
has been canceled or rescheduled, the 
Subcommittee's ruling on requests for 
the opportunity to present oral 
statements and the time allotted therefor 
can be obtained by contacting the 
cognizant senior fellow, John N. 
Sorensen (telephone 301/415-7372) 
between 8 a.m. and 5:45 p.m. (EST) or 
bye-mail JNS@NRC.gov or staff 
engineer, Michael T. Markley 
(telephone: 301-415-6885). Persons 
planning to attend this meeting are 
urged to contact the above-named 
individuals one to two working days 
prior to the meeting to be advised of any 
potential changes in the proposed 
agenda, etc., that may have occurred. 

Dated: December 15, 1999. 
Howard J. Larson, 
Acting Associate Director for Technical 
Support, ACRSIACNW. 
[FR Doc. 99-33019 Filed 12-20-99; 8:45 am] 
B1WNG CODE 7SlKHl1-P 

NUCLEAR REGULATORY
 
COMMISSION
 

[Docket No. 7G-754-MLA and ASLBP No. 
oo-n4-02-MLA] 

General Electric Company; 
Designation of Presiding Officer 

Pursuant to delegation by the 
Commission dated December 29,1972, 
published in the Federal Register, 37 FR 
28,710 (1972), and Sections 2.1201 and 
2.1207 of Part 2 of the Commission's 
Regulations, a single member of the 
Atomic Safety and Licensing Board 
Panel is hereby designated to rule on 
petitions for leave to intervene andlor 
requests for hearing and, if necessary, to 
serve as the Presiding Officer to conduct 
an informal adjudicatory hearing in the 
following proceeding: 
General Electric Company, Vallecitos 
Nuclear Center 

The hearing, if granted, will be 
conducted pursuant to 10 CFR Part 2, 

-Subpart L, of the Commission's 
Regulations, "Informal Hearing 
Procedures for Adjudications in 
Materials and Operator Licensing 
Proceedings." This proceeding concerns 
a request for hearing submitted by Tri
Valley CAREs, the Western States Legal 
Foundation, Save Our Sunol, and 
Citizens Along the Roads and Tracks. 

The request was filed in response to a 
notice of consideration by the Nuclear 
Regulatory Commission of a request for 
renewal of the 10 CFR Part 70 license 
for the General Electric Vallecitos 
Nuclear Center. The renewal application 
requests authorization to receive and 
possess special nuclear material and to 
use special nuclear material in research 
and development activities involving 
chemical and physical analysis. The 
notice of consideration of the renewal 
application and opportunity for hearing 
was published in the Federal Register at 
64 FR 45,289 (Aug. 19, 1999). 

The Presiding Officer in this 
proceeding is Administrative Judge 
Alan S. Rosenthal. Pursuant to the 
provisions of 10 CFR 2.722,2.1209, 
Administrative Judge Thomas D. 
Murphy has been appointed to assist the 
Presiding Officer in taking evidence and 
in preparing a suitable record for 
review. 

All correspondence, documents, and 
other materials shall be filed with Judge 
Rosenthal and Judge Murphy in 
accordance with 10 CFR 2.1203. Their 
addresses are: 
Administrative Judge Alan S. Rosenthal, 

Presiding Officer, Atomic Safety and 
Licensing Board Panel, U.S. Nuclear 
Regulatory Commission, Washington. 
DC 20555-0001 

Administrative Judge Thomas D. 
Murphy, Special Assistant, Atomic 
Safety and Licensing Board Panel, 
U.S. Nuclear Regulatory Commission, 
Washington, DC 20555-0001 
Issued at Rockville, Maryland. this 15th 

day of December 1999. 
G. Paul Bollwerk ill, 
ChiefAdministrative Judge, Atomic Safety 
and Licensing Board Panel. 
[FR Doc. 99-33018 Filed 12-20-99; 8:45 am] 
BILUNG CODE 7SlKHl1-P 

NUCLEAR REGULATORY 
COMMISSION 

Draft Regulatory Guide; Issuance, 
Availability 

The Nuclear Regulatory Commission 
has issued for public comment a draft of 
a new guide in its Regulatory Guide 
Series. This series has been developed 
to describe and make available to the 
public such information as methods 
acceptable to the NRC staff for 
implementing specific parts of the 
NRC's regulations, techniques used by 
the staff in evaluating specific problems 
or postulated accidents, and data 
needed by the staff in its review of 
applications for permits and licenses. 

The draft guide, temporarily 
identified by its task number, DG-1086 
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January 13. 2000 

1)	 Introduction 8:30-9:00 am 

•	 Review goals and objectives T. Kress, ACRS 
for this meeting: J. Garrick, ACNW 
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CONCERNS 

WE ALL CAN AGREE THAT DEFENSE-IN-DEPTH IS A DESIGN (AND 
OPERATIONAL) STRATEGY (PHILOSOPHY?) FOR DEALING WITH 
UNCERTAINTY IN RISK ASSESSMENT 

BUT . 

1. THIS DOES NOT CONSTITUTE A PRECISE (DESIGN-TO) DEFINITION IN 
TERMS OF RISK ASSESSMENT 

2. THERE DOESN'T CURRENTLY EXIST A DEFINITION OR CRITERIA 
THAT ALLOWS FOR PLACING LIMITS ON DID (how do we recognize it and 
how much is enough?). 

I SEE A MAJOR OBJECTIVE OF THIS MEETING TO BE TO ADDRESS 
THESE TWO CONCERNS. 



, .
 

TODAY, I WOULD LIKE TO FOCUS ON DESIGNDEFENSE-IN-DEPTH (AS 
OPPOSED TO OPERATIONAL) AND GENERALIZE THE CONCEPT TO ANY 
HAZARDOUS ACTIVITY (NOT SPECIFIC TO NUCLEAR POWER 
GENERATION). 

FOR ANY HAZARDOUS ACTIVITY, A DESIGN DEFENSE-IN-DEPTH 
PHILOSOPHY COULD CONSIST OF FOUR PRINCIPLES: 

Prevention 
1. PREVENT ACCIDENTS FROM STARTING 

(INITIATION) 

Mitigation 

2. STOP ACCIDENTS AT EARLY STAGES BEFORE THEY 
PROGRESS TO UNACCEPTABLE CONSEQUENCES 

(INTERVENTION) 

3. PROVIDE FOR MITIGATING THE RELEASE OF THE 
HAZARD VECTOR 

(MITIGATION) 

Prev. & Mit. 4. PROVIDE SUFFICIENT INSTRUMENTATION TO DIAGNOSE 
THE TYPE AND PROGRESS OF ANY ACCIDENT 

(DIAGNOSIS) 



BASED ON THE FOUR PRINCIPLES, MY PREFERRED GENERALIZED AND 
RISK RELATED DEFINITION OF DEFENSE-IN-DEPTH IS: 

DESIGN DEFENSE-IN-DEPTH IS A STRATEGY OF PROVIDING DESIGN 
FEATURES TO ACHIEVE ACCEPTABLE RISK (IN VIEW OF THE 
UNCERTAINTIES) BY THE APPROPRIATE ALLOCATION OF THE RISK 
REDUCTION TO BOTH PREVENTIONAND MITIGATION. 



HOW CAN THIS DEFINITION BE IMPLEMENTED TO PUT LIMITS ON 
DEFENSE-IN-DEPTH? 

THE KEYWORDS ARE "APPROPRIATE ALLOCATION' 

•	 YOU MUST HAVE RISK ACCEPTANCE CRITERIA THAT YOU 
DESIRE TO ALLOCATE (pREFERABLE EXPRESSED IN TERMS OF 
CONFIDENCE LEVELS) 

- Quantifiable uncertainty should come out of the PRA 
- "Unquantifiable" uncertainty should be estimated by expert opinion 
- The acceptance criteria should include both uncertainties 

•	 ALLOCATION IS A VALUE JUDGMENT ....WE NEED CRITERIA FOR 
HOW MUCH WE VALUE PREVENTION VERSUS MITIGATION 

- Could depend on the level of inherent hazard (the more hazardous the activity 
the more we should value prevention) 

- Could depend on the extent of uncertainty in the risk assessment 
- Could depend on how much of the uncertainty is unquantifiable 
- May want to minimize uncertainty (after all this is a classic optimization problem) 
- May be based on the "loss function" of decision theory 



Draft Technical Note 

ON mE QUANTIFICATION OF DEFENSE IN DEPTH 

B. John Garrick
 
January 13, 2000
 

PURPOSE 

To propose a conceptual framework for quantifying the "defense-in-depth" aspects of the 
various levels of protection, provided in nuclear plants and nuclear waste repositories, 
against the release of radiation to the public and the environment. 

GENERAL FEATURES OF THE APPROACH 

The question is how can we best use probabilistic risk (performance) assessment (PRA 
and PPA) results to quantify and make visible the performance ofthe various "defense
in-depth" systems designed to provide multiple "levels ofprotectionII against the release 
of radiation. Part of the answer lies in the way that the results are presented. 

The key to the proposed approach, therefore, is a presentation format that clearly displays 
1) the role that the individual safety systems play in providing protection against the 
release of radiation to the environment and 2) the effect of the individual systems acting 
in concert. This format allows for important risk and performance'comparisons to be 
made at both the functional and system levels of a nuclear plant or a nuclear repository. 
It helps us make the important judgments ofwhether we are getting our money's worth 
from these multiple levels ofdefense, and whether we need more or less. 

The approach utilizes the results ofPRA and PPA. The scope of the PRAs and PPAs 
must include quantifications of information and modeling uncertainties, in the parameters 
used to measure risk or safety performance, and explicit identification of the supporting 
evidence on which these quantifications are based. The PRAs and PPAs must be 
structured in such a way as to reveal the process ofassembling the results into the final 
measures of risk or performance, and to reveal the contributions, to these final measures, 
of the various levels of protection. 

SPECIFIC FEATURES OF THE APPROACH 

The answer to "how can we best use PRA and PPA results to quantify --- defense-in
depth ---" is believed effectively addressed using a two-dimensional structuring of risk 
and performance results. The structuring can be done in stages or phases in the spirit of a 
top-down approach. To illustrate the process at the functional level for reactors, consider 
Figure I with respect to the PRA ofa boiling water reactor. 
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FIGURE 1. BWR SAFETY FUNCTIONS 

The rows of Figure 1 represent classes of initiating events at the functional level that can 
lead to core damage. In the first column (column 1) we plot probability curves showing 
our state of knowledge about the frequencies of the initiating events in the "probability of 
frequency" fonnat. Columns 2-5 now represent the various safety functions that may 
respond to a particular class of initiating events. Column 6 contains the core damage 
frequencies for each class of initiating events. The sum of the Column 6 results 
represents the total core damage frequency, as illustrated in the last row. 

The question is what entries should go in the boxes under the safety functions? The 
answer is to show the entries that best expose the defense-in-depth contributions of the 
safety functions. There are many possibilities. One possibility is to include three entries 
in each grid box, as shown in Figure 2. 

2 



(with) 

' 

p p p 

tp tp 
System Unavailability Core Damage Frequency Total Core Damage Frequency 
Frequency PerDemand (System Unavailable) (With and Without Safety System) 
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FIGURE 2. SYSTEM PERFORMANCE INDICATORS 

As discussed further below, Entry 1 (Figure 2a) could be a probability curve indicating 
the unavailability frequency per demand of the safety function, given the particular class 
of initiating events. Entry 2 (Figure 2b) could be the core damage frequency, given the 
unavailability of the safety function, and Entry 3 (Figure 2c) could compare this result 
with the total core damage frequency of the last row. Doing this for each of the grid 
boxes would provide a clear perspective of the amount of protection provided by each of 
the functions. Different combinations of safety function availability and unavailability 
could be presented through the use of additional columns for making performance 
comparisons. Such analyses and comparisons provide a process for quantifying the role 
ofvarious levels of protection, and hence, a quantification of contribution to defense-in
depth provided by different levels of protection. 

TURNING UP THE MICROSCOPE 

Now, the functional level shown in Figure 1 is too high a level to reveal performance 
characteristics of specific systems and barriers. To do that we need to tum up the 
microscope. Consider the grid box formed by the intersection of "Loss of Coolant" and 
"Inventory Control" of Figure 1. Suppose we detail that grid box into Figure 3. 
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FIGURE 3. BWR SAFETY SYSTEMS 

Figure 3 divides the "Loss of Coolant" class of initiating events into six initiating event 
categories. It divides the "Inventory Control Systems" into eight more clearly defined 
protection systems. This level ofdetail is usually sufficient to provide quantitative 
engineering information on the levels of protection against exposing the public and the 
environment to radiation. The entries in the grid boxes can be the same as Figure 1 or 
modified as appropriate. In particular, Figure 2a indicates the unavailability of the safety 
system on demand, given the applicable initiating event. It reveals the reliability of the 
system under the conditions that the system is called on to operate and is the input used in 
the calculation of the core damage frequency for each specific category of initiating 
events. Figure 2b is the core damage frequency as a result ofa particular category of 
initiating events, given the unavailability of the safety system (e.g., if that safety system 
were not present). 

Figure 2c is a key result in the quantification of the defense-in-depth of safety system 
protection. It is the total core damage frequency with and without the specific safety 
system being analyzed. It is important to note that Figure 2c is a different CDF than the 
one on which Figure 2b is based. The Figure 2b CDFs are those of Column 6. The 
Figure 2c CDF is the probabilistic sum of the Column 6 CDFs. 
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APPLICATION TO NUCLEAR WASTE REPOSITORIES 

Defense-in-depth of a nuclear waste repository takes the form of passive barriers whose 
performance must be analyzed over tens and hundreds of thousands of years. A two
dimensional display similar to the above can be constructed to exhibit the contributions 
of the levels of defense associated with a repository design. The functional barriers 
protecting the biosphere from radioactive contamination are, as shown in Figure 4, the 
spatial and flow control of water, the waste package containment, and the control of the 
mobilization and transport of radionuclides. The effectiveness of these barriers must be 
analyzed under a set of "geological scenarios" representing the possible climatological 
and geological events that might occur over tens and hundreds of thousands of years of 
the repository history. In Figure 4 these scenarios are represented in rows 2, 3, and 4. 
Row 1 represents the "base case" or "expected" scenario. 

The point of Figure 4 is to display the contribution of the individual functional barriers to 
preventing the release ofradioactivity to the biosphere. For this purpose we take, as the 
repository performance measure, the peak annual release to the biosphere, measured in 
curies. 

In Figure 4, the rightmost column shows our state of knowledge about the peak annual 
release to the biosphere under the four geological scenarios. In the individual boxes of 
Figure 4 we display a pair ofcurves of the type shown in Figure 5. The curves show the 
contributions of the individual protective barriers by showing how the peak annual 
release would increase if that barrier were not present. 
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FIGURE 4. REPOSITORY PROTECTIVE BARRIER FUNCTIONS 
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Peak Annual Release 
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FIGURE S. PERFORMANCE COMPARISON 

In Figure 6 we "turn up the microscope" on Figure 4 and recognize that the 
"barriers" shown in Figure 4 are actually composed of specific protective barriers. For 
example, the barrier "Water Flow and Spatial Control" ofFigure 4 is now recognized as 
being composed of "Surface Runoff," which refers to a drainage system on the surface 
above the repository. Such a drainage system would divert the surface rainfall so as to 
prevent it from infiltrating into the ground above the repository. The column labeled 
"Water Diversion (Geotechnical)" refers to engineering the subsurface geology such as 
by the d~sign of a Richards barrier. The column labeled "Water Diversion (Engineered 
Systems)" represents those engineered systems in the near field explicitly introduced to 
keep water from reaching the waste package. The rest of the columns are pretty much 
self-explanatory. 
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FIGURE 6. PROTECTIVE BARRIERS 

The individual boxes of Figure 6 show the impact of the protective barriers on repository 
perfonnance by displaying what the peak annual release would be if that protective 
barrier were not present. 
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SOME COMMENTS ON DEFENSE IN DEPTH
 
ASASAFETYSTRATEGY
 

D.A. Powers 

Chairman
 
Advisory Committee on Reactor Safeguards
 

I regret that I cannot be with you in the meeting of the Joint ACRS/ACNW 
Subcommittee. I do, however, want to share with you some of my thoughts on the subject of 
defense in depth as a safety strategy and, especially, as a safety strategy for materials licensees. 
Some of these thoughts are included in a paper coauthored with Jack Sorensen and other 
members of the ACRS. 

Defense in depth is a safety strategy that has served the nuclear power industry well. 
Defense in depth is, however, a very expensive safety strategy. Because of the expense 
associated with defense in depth, even the nuclear reactor safety community that has been so well 
served by this strategy is wrestling with ways to limit the imposition ofdefense in depth. We 
ought, then, to think carefully before imposing such a safety strategy in other areas. At the very 
least, we need to think of how to limit the requirements for a defense-in-depth safety strategy. 
Two schools of thought have emerged within the nuclear reactor safety community on the 
limitation ofdefense in depth. One of these, the'Structuralists' school of thought does not 
extrapolate to any other field of endeavor. The other school of thought, the 'Rationalist' school, 
can be extrapolated to other areas. The Rationalist school of thought would restrict application of 
the defense-in-depth safety philosophy to those areas where safety analysis capabilities (PRA in 
the reactor safety world) cannot be applied or areas where these safety analysis methods yield 
very uncertain results. 

Though this Rationalist approach to the limitation of defense in depth has much merit 
within the reactor safety community where the PRA methods of safety analysis are being 
aggressively developed and applied, I question whether this approach "travels well" so it can be 
applied in areas that have different or less developed methods of safety analysis. But, mostly, I 
question the Rationalist's approach because I see defense in depth as a method for addressing the 
question of what happens if the analyses are wrong and potentially consequential accidents do 
occur. If this is, indeed, the purpose of defense in depth, then one ought not use the error-prone 
analysis methodologies to determine where defense in depth is needed. I am confident that 
paradoxes will arise if this method of self-identification is used. 

I think one has to go back and understand why defense in depth was adopted as a safety 
strategy for nuclear power plants if one is to understand its applicability to other areas. Defense 
in depth sounds so good as a safety strategy. It just sounds strong and reassuring. I do not 



discount, then, the importance of the good ring to the widespread acceptance of defense in depth 
as a strategy for nuclear power plants. One has still to ask why the reactor safety community felt 
that such a robust safety strategy was needed. 

My reading of the history of the nation's nuclear power enterprise leads me to believe 
that defense in depth was created as a safety strategy because: 

o	 there was limited experience dealing with large nuclear power reactors, 

o	 there were no applicable industrial standards for the safe operation of nuclear power 
plants, 

o	 there was a confidence that accidents at nuclear power plants were unlikely, but there 
were very serious uncertainties about the consequences ofaccidents should they 
occur, 

o	 a severe accident at a nuclear power plant that could pose substantial consequences 
would be most difficult to interdict once it was underway, and 

o	 there was a confidence that a nuclear accident that affected the public near any facility 
would lead to shutdown of all nuclear facilities. 

Lack of experience was quite an important issue at the time. Even after years of operational 
experience with research reactors and nuclear materials production reactors, the technical 
community was still encountering new physical phenomena (Xenon instabilities were fresh in 
safety analysts' minds.). Uncertainties in the behavior of radionuclides under accident conditions 
are much mentioned in the literature of the time, and, indeed, even today we have only the most 
primitive of an understanding of how radionuclides will behave in reactor accidents. We have no 
codes, for instance, that will predict all of the behaviors of fission products observed during the 
Chernobyl accident. The Windscale accident certainly emphasized the difficulty of interdicting a 
severe accident once it was underway. The widespread belief in the inevitable progression of a 
severe accident in a nuclear power plant has not been completely overturned even by the 
experience of the Three Miles Island accident. But, I suspect that the most driving concern that 
led to development of the defense in depth was concern over the political fallout from an 
accident that affected the public. 

Though one can debate which of the safety issues was most important for the 
development of defense in depth, I believe that the existence of all five of the conditions listed 
above was necessary to the widespread acceptance of defense in depth within the reactor safety 
community. It is apparent, however, that maintenance of this safety strategy does not require that 
all five conditions still exist. Still, as anyone of the conditions is mitigated (for instance as one 
gains experience in the operation ofnuclear power plants) one becomes more willing to chip 
away at the defense-in-depth structure. 
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I do not believe that the five conditions that led to the imposition of defense in depth on 
the nuclear power industry exist in any ofthe four categories oflicensees regulated by NMSS. 
As has been noted in the discussions of the Joint Subcommittee, many ofthe licensees have a 
great deal of operational experience. Many of the applications have the potential to produce only 
modest consequences even if bounding accident events occur. Even in the case of nuclear waste 
repositories where very severe accidents can be envisaged, these accidents will develop quite 
slowly and there will be opportunities to interdict. In none of the licensee activities will an 
accident result in the general shutdown of an entire industry even if the accident affects the 
public. 

Were I with you at the meeting, I would argue vigorously against the imposition of 
defense in depth concepts on the material licensees. I don't think such a costly safety strategy is 
at all needed to achieve very high levels of safety. For most material licensees a standards-based 
safety strategy akin to the ASME boiler and pressure vessel safety code, but based, perhaps, on 
results of risk analysis ought to be adequate. Even in the case of a large, geologic repository for 
spent fuel, a safety strategy based on conservative engineering analyses guided by risk analyses 
ought to be satisfactory. In this regard, I hasten to add that I am not a 'fan' of design basis 
accidents for safety analyses, but this is a subject for some future meeting. 

If defense in depth is imposed on material licensees, one immediately encounters the 
problem of rationally limiting the defense in depth. That is, if defense in depth is a strategy to 
address the possibility that analyses are wrong, there is in principle no end to the number of 
independent layers of increasing conservatism that can be applied to an activity. A rational basis 
not based on an arbitrary judgement is difficult to define. Within the reactor safety community 
the limitations on defense in depth were done arbitrarily. Now there is an ongoing effort to 
further limit defense in depth. The analysis capability to follow the Rationalists' approach to the 
limitation of defense in depth does not exist for many of the licensees. I do not see within the 
affected safety community an enthusiasm to marshall the wherewithal that would be necessary to 
develop a suitable analysis capability. 

3
 



THOUGHTS ON DEFENSE IN DEPTH
 

D.A. Powers 

January, 2000 



A Definition of Defense in Depth 
G. Apostolakis, January 13, 2000 

Defense in depth is a safety philosophy that 
requires that a set of provisions be taken to 
manage unquantified uncertainty associated with 
the performance of engineered systems. 

Observations: 

•	 "Defense in depth" and "multiple barriers" are 
not identical concepts. For quantified 
uncertainties, "multiple barriers" are standard 
engineering tools. 

•	 "Multiple barriers" will always be used 
regardless of whether defense in depth is a 
principle or not. 

•	 "Unquantified uncertainty" is primarily due to 
model inadequacy. 

•	 The focus on unquantified uncertainty will 
force an examination of the quality of the 
analyses and will suggest improvements. 



•	 Crucial question: Under what conditions, if 
any, is defense in depth a principle? 

•	 Calling defense in depth a principle makes it 
impervious to analysis. 

•	 "I am much more comfortable with defense 
in depth as a means to address the question of 
what if we are wrong in our analyses. You 
can argue that this is just a kind of 
uncertainty, but I think that argument 
trivializes the problem or implies that we 
know more than we do." (D. Powers) 

•	 This is what is wrong with declaring defense 
in depth a principle. Regardless of the quality 
of the analysis, a Damoklean sword! will 
always hang over my head. Why should I 
even try to improve my analysis? (GA) 

'Damokles: A courtier of ancient Syracuse held to have been 
seated at a banquet beneath a sword hung by a single hair. 
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A DILEMMA 

"The Commission does not intend to specify numerical goals for 

the performance of individual barriers." [page 8649, third 

column] 

"In implementing this [defense-in-depth] approach, the 

Commission proposes to incorporate flexibility into its 

regulations by requiring DOE to demonstrate that the geologic 

repository comprises multiple barriers, but ....." 

BUT
 

" ... but not prescribe which barriers are important to waste 

isolation or the methods to describe their capability to isolate 

waste." [page 8650, first column] 

{from "Supplementary Information" to Draft Part 63, Section Vlln 
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SECTION VIII near the end. page 8650 

"The proposed requirements will provide for a system of multiple 

barriers "". to ensure defense in depth and increase confidence 

that the postclosure performance objective will be achieved." 
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QUESTION ONE: 

Will NRC use defense-in-depth as a decision criterion? 

or, more directly, 

Can DOE's license application "flunk" based on insufficient 

defense-in-depth, even if it would otherwise "pass"? 

[The answer to this Question is apparently "yes".] 

QUESTION TWO: 

If so, how? How will the decision be 'framed and made? 

Observation: The decision criteria need to be clear, fair, and 

technically logical. 
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QUESTION THREE 

Perhaps, in practice - and despite NRC's words to the contrary -

- DOE will never actually be found to "flunk", but defense-in

depth will be used by NRC instead more like ALARA: "Do what 

you can, beyond meeting the bare regulations, whenever it's 

cost-effective". 

How does NRC conceive that this would work in practice? Might 

NRC ask for more protection from one or another barrier in the 

name of defense-in-depth, even if the overall performance 

"passes"? 

What if one barrier provides "90% of the total protection?" 

Maybe DOE would "weaken" that barrier so that it would only 

provide 400/0; if the entire repository still "passes", is this 

desirable? 

[I am sorry to be sarcastic here - it is obviously undesirable. But 

this is related to a complaint that I've heard along the lines of 

"DOE's protection almost all comes from the canister; DOE is 

engineering their way around a poor site."] 



8 

ISSUES
 

(1)	 If NRC lets DOE decide what "under·performance" means, 

what is to prevent the terrible problem known as "Bring me 

a rock .... sorry, wrong rock" ? 

(2)	 DOE will presumably not assume so much "under.. 

performance" that the repository's overall ability to contain 

the waste is seriously compromised. But in fact, isn't that 

just what NRC's concern is, to look for combinations of 

"under·performance" that might lead to serious 

compromises? 

(3)	 So perhaps NRC needs to tell DOE how much "under· 

performance" to assume. Yet this leads to its own 

problems ...... namely, NRC is trying not to be overly 

prescriptive! 

ONE BASIC ISSUE: These are "sensitivity studies" that are 

always a good idea anyway. Why invoke them in the name of a 

philosophical notion like "defense·in·depth" that brings with it so 

much other baggage? 



MEMORANDUM
 

TO: Dr. B. John Garrick, Co-Chairman 
Dr. Thomas S. Kress, Co-Chairman
 
ACRS!ACNW Joint Subcommittee
 

From:	 J. N. sorensen~ 

Subject:	 Background Material for the Joint Subcommittee Meeting 
on the Defense in Depth Philosophy, January 13-14, 
2000, Rockville, Maryland 

Date:	 January 5, 2000 

Attached is a letter from Tom Murley to John Larkins discussing 
the defense in depth safety philosophy. Attached to the letter 
is a copy of "Director's Findings Regarding Shoreham Emergency 
Preparedness." Dr. Murley suggests that the formulation of 
defense in depth in that document may be useful in preparing for 
the January 13-14 meeting. 

Attachment: As stated. 

c: G. Apostolakis 
R. Bernero 
R. Budnitz 
L. Deering 
J. Larkins 
H. Larson 
M. Levenson 
R. Major 
M. Markley 
T. Murley 
R. Wymer 
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In su...ry. the following eorlC us~n$ h.ve been r.ached: 

1.	 The Shoreh.. site CQlpare favoribly with other nuclelr plant sites in the 
U.S. There are no uniquI f •• tures of the site that render _rgency
pl.nn1ng at Short!h•• fun llelltll1y .re difficult thin for other nuclear 
sttes. 

2.	 The Shoreh. offs;te.. eney plln IS 111P1_nted by LERO results in a 
,.,p~nse eaplbilt~ thlt s equivilent to or better than the response 
capabi ltty for ..ny other sites in the U.S. 

3.	 8".uSlof the thoroughn. 5 of the LERO plln Ind the demonstrated ability
of LERO to raptdly 1IOb111 1 well tr.tned personn"l. effeettve emergency
response let10ns ean InG 111 be taken tn conJunct1~n with the best 
.fforts of Statt! Ind toun ¥ emergency response organizltions. 

4.	 The LERO plan hi' been f nd by FEMA to b••d.quat. based on I thorough
revivw of thw plan as we1 I' In eVlluation of I full-partic;pation 
ex.rcise It Shoreham on J ne 7-9. 1188. 

5.	 Elch of the outstlnding rgeney pllnning contenttons his been 
satisflctor11y resolVed. 

It is conclUded. thereforll. ttl t there 15 relsonable ISsurlnce that Idequate 
prvtecthe acttons can Ind wl1 be uten in the ev~nt of I rldfologteal 
_rgency It ShorehUl. 
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WHAT IS DEFENSE IN DEPTH? 

•	 "Defense-in-depth is an element of the NRC's Safety Philosophy that 
employs successive compensatory measures to prevent accidents or 
mitigate damage if a malfunction, accident, or naturally caused event 
occurs at a nuclear facility. The defense-in-depth philosophy ensures 
that safety will not be wholly dependent on any single element of the 
design, construction, maintenance or operation of a nuclear facility. 
The net effect of incorporating defense-in-depth into design, 
construction, maintenance, and operation is that the facility or system 
in question tends to be more tolerant of failures and external 
challenges." 

•	 Defense in depth is not a formula for adequate protection; it is a part of 
the safety philosophy, a strategy for safety analysis. 
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IS THERE AN OVERARCHING PHILOSOPHY OF DID?
 

• Yes, as a strategy of safety analysis. 

• Defense in depth: Prevent undue reliance on any single: 

- rarity of occurrence 
- design feature 
- barrier 
- performance model 

• Not a formula for acceptability, defense in depth may not be enough 
defense. 

• Risk-informed: Achieve a sufficient margin of safety, neither too close 
nor too far from the unacceptable. 
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ARE CURRENT SAFETY GOALS AND OBJECTIVES CLEAR?
 

• No, not for general use. 

• The span of protection 
- Public safety 
- Worker safety 
- Patient safety 
- Environmental protection 

• Range of authorized practices 
- Reactors 
- Fuel cycle facilities 
- Industrial and medical uses 
- Exempt distribution 
- Transportation 
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WHAT IS THE ROLE OF DID IN REGULATION OF REACTORS? 

• Does not apply to routine releases. 

• Basis for evaluating areas of heavy reliance in accident analysis, e.g.: 

- Seismic safety 
- RPV rupture 
- SG tube rupture 
- Human action 

• Graded defense with graded goals. 
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WHAT IS THE ROLE OF DID IN REGULATION OF MATERIALS?
 

• May sometimes apply to routine releases, e.g., exempt products. 

• Need graded goals for graded defenses. 

• Think it through: 

- Potential consequences 
- Potential barriers 
- Potential actions 
- Balanced choice of defense 

• Knotty problems, e.g., patient safety and medical QA 

7 



WHAT IS THE ROLE OF DID IN REGULATION OF WASTE?
 

• Definitely applies to release barriers. 

• One fundamental basis of acceptability is the TSPA, with proper 
uncertainty analysis. 

• Apparent confusion since DID analysis is a form of uncertainty 
analysis. 

• Part 63 proposal is a sound approach to DID, develop the body of 
information for the exercise of judgement. 

• Need graded goals for graded uncertainties: clearly acceptable, 
acceptable, clearly tolerable, tolerable, life-threatening, unacceptable. 

8 



10 Sv (1000 Rem) 

1 Sv (100 Rem) 

0.1 Sv (10 Rem) 

0.01 Sv (1 Rem) 

1 mSv ( 100 mrem) 

0.1 mSv (10 mrem) 

0.01 mSv (1 mrem) 

Certain death 

Floor for exposure threatening prompt death,
 
Clearly predictable proportion to threat of induced cancer,
 
Clinically detectable effects of radiation exposure,
 
Exposure limit for rescue workers in nuclear war or
 
emergency.
 

Floor for clearly predictable proportion to threat of induced
 
cancer (based on bomb survivor data),
 
Typical standard for limit of public individual accident
 
exposure.
 

Clearly acceptable annual exposure limit for radiation
 
workers,
 
Tolerable level of public exposure in recognized situations
 
which are difficult to change, e.g., radon in the home, high
 
natural background radiation,
 
Average total background radiation is below this level,
 
dominated by radon exposure which varies considerably.
 

Clearly acceptable annual exposure to a member of the
 
public from all permitted sources,
 
Typical background radiation from terrestrial and cosmic
 
ray sources,
 
Additional cosmic ray exposure suffered by frequent flyers.
 

Typical proposed limit for exposure of the public from
 
waste releases or a single permitted source,
 
Too small to be discerned as a change in background
 
radiation.
 

Negligible individual exposure.
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OUTLINE 

1. NMSS Motivations for Oefense-in-Oepth (DID) 

2. What is DID? 

3. How does DID differ from margin and other safety concepts? 

4. Provisional conclusions 

5. Residual issues 

6. Summary 
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NMSS MOTIVATIONS FOR DEFENSE-IN-DEPTH 

•	 Risk-informing NMSS activities will include reexamination of regulatory 
approaches, including defense-in-depth (DID) 

•	 Proposed Part 63 addresses DID with multiple barriers provision; many 
public comments on this subject 

•	 Risk-informing regulation of interim spent fuel storage facilities 

•	 ISA's for Fuel Cycle Facilities 

•	 Risk-informing transportation regulations 
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REGULATORY ENVIRONMENT IN NMSS 

• Wide range of licensees and systems regulated 
o	 Diverse systems
 

Complexity
 
Human interaction versus engineered aspects
 
Levels of hazard
 

o Diverse capabilities for analysis among licensees 
o Diverse need/benefiUcost for risk-informing regulations 

• Risk Considerations 
o individual risk to workers and public 
o normal and accident risk 
o perceived risk and actual risk 
o	 variety of initiators
 

mechanical failures
 
external events
 
human error
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PRINCIPAL FACTORS OF DID IN NMSS:
 
CURRENT STATUS
 

•	 Nature of licensees and activities regulated 

•	 NMSS regulates systems with less hazard than nuclear power reactors 

•	 NMSS regulations are a mix of performance-based and/or risk-informed and 
prescriptive, deterministic approach 

•	 For some NMSS licensed activities, the hazard does not warrant very strong 
preventive measures of any type, performance-based or prescriptive 
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NMSS SAFETY PHILOSOPHY 

• Goal is reasonable assurance of protecting: 
o Public health and safety 
o Common defense and security 
o The environment 

• Safety Concepts assist in achieving DID include: 
o Safety Margin 
o Diversity 
o Redundancy 
o No single point of failure 
o QA 

• DID is a component of risk management 
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DEFINITION OF DEFENSE-iN-DEPTH
 

(FROM THE COMMISSION WHITE PAPER ON 
RISK-INFORMED PERFORMANCE-BASED REGULATION) 

•	 Safety is not wholly dependent on any single element of the system 

•	 Incorporation of DID produces a facility with greater tolerance of failures and 
external challenges 
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STRUCTURALIST AND RATIONALIST
 
APPROACHES TO DID
 

•	 STRUCTURALIST APPROACH: 
o	 The need for and extent of DID is related to the system structure 
o	 Many manifestations are based on knowledge and perspectives current 

when the systems were first developed or licensed 
o	 Some manifestations have an ad hoc basis 

•	 RATIONALIST APPROACH: 
o	 The need for and extent of DID is related to the residual uncertainties in 

the system 
o	 The rationalist approach is just beginning to be applied in a risk

informed I performance-based regulatory environment 
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TYPES OF UNCERTAINTY IN SAFETY
 
ASSESSMENTS
 

• Parameter 

• Model 

• Scenario (including exposure scenario) 

• Programmatic Factors (e.g., QA) 

9
 



TYPES OF RESIDUAL UNCERTAINTY
 

TYPE 1. (BEST AVAILABLE RISK ASSESSMENT) 

A system for which a fairly complete risk analysis or safety analysis has 
been performed, so residual uncertainty relates to the confidence or 
lack of confidence in the analysis; Le., the analysis does not represent 
all uncertainty, because the state of knowledge is incomplete. 

TYPE 2. (LIMITED RISK ASSESSMENT) 

A system for which the risk or safety analysis is somehow limited, e.g. 
by not being complete, or not quantifying certain types of uncertainty. 
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TYPE 1 LIMITATIONS OF RISK ANALYSES
 

•	 Risk Assessments are incomplete 
o	 Not all failure modes are included, because failure modes, not known now, are a 

threat to system performance 
o	 Currently unknown or unrecognized phenomena are not included in
 

consequence models
 

•	 The range of variability in system parameters has been underestimated or biased 

•	 Probabilities and consequences for rare events are based on sparse or non-existent 
data 

•	 Models used to estimate consequences and probabilities in some cases cannot be 
validated 

•	 Although systematic analyses can give great insights into the performance of new 
systems, some problems only come to light with experience 

•	 The state of knowledge is evolving 
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TYPE 2 LIMITATIONS OF RISK ANALYSES
 

•	 Risk Assessments are incomplete 
o	 Not all failure modes are included 

Because of limitations on time and resources 
Because procedures to enumerate all failure modes were misapplied and 
some failure modes were left out 

o	 Phenomena are not included in consequence models, because they are 
incorrectly considered unimportant or for reasons of economy 

•	 Only certain kinds of uncertainty are explicitly represented in the risk assessment 
o	 Parameter uncertainty mayor may not be propagated in consequence models 
o	 Model uncertainty mayor may not be represented 
o	 Probabilities of various scenarios and uncertainty in the probabilities mayor may 

not be represented 
o	 Not all quantifiable uncertainty may be quantified 

•	 Models used to estimate consequences and probabilities have not been validated. 
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--~-----------------------------------------------------------------------------

DIFFERENCES BETWEEN DID AND MARGIN
 

•	 Margin relates to the "cushion" between required performance and 
anticipated or predicted performance. 

•	 DID relates to the characteristic of the system to: (1) not rely on any single 
element of the system and (2) be more robust to challenges 

•	 Margin describes expected performance of a system versus the safety limit; 
DID describes the ability of the system to compensate for unanticipated 
performance, which results from limitations on knowledge. 

•	 Increasing margin in a system that relies on a single component, does not 
necessarily increase DID. 

•	 DID provides that if any component under-performs, the rest of the system 
compensates, so consequences are not unacceptable. 

13 



System Failure System Failure 
Frequency Component I Frequency 

10-6 

OR [ 10~ 10-6 

Component C 

SYSTEM 1 SYSTEM 2 

Two different systems, both meeting the system risk goal of 10-4, but exhibiting 
different DID characteristics. 
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El 
~ Never Analyzed, 
~ Built, Tested, or Q 
~ Operated 
~

rn•
"""	 : Incidents of 
;; Concern Have Q 

More!	 Occurred Rarely 

'C 
~	 Analyses Most~ .
51 Estunates ,-\ 
.~ Confirmed by Y 
c Data 
.~ 

~	 A Plethora of 
~	 Data and 

Experience Q 
Confinn Analyses 

[ ~moke Detectors 

Need forDID 

[]Least 

E2l 

Less Hazard More Hazard 

Potential Public Hazard 

Example of how need for defense-in-depth can be related to: (1) the uncertainty in the 
performance of the safety system and (2) the potential hazard posed by the system. 
Note: the positions of the various systems involves uncertainty on both axes. 
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PROVISIONAL CONCLUSIONS ABOUT DID
 

1.	 DID is related to, but different from, other safety concepts such as safety 
margin, redundancy, and diversity. 

2.	 DID is not necessarily equivalent to meeting a safety goal or the margin 
associated with meeting the goal. 

3.	 DID can be implemented in a risk-informed, performance-based regulatory 
context as a system requirement, rather than as a set of subsystem 
requirements. 

4.	 DID can be used to address residual uncertainties concerning the 
performance of a safety system. 

5.	 The need for DID depends on: 
a.	 Degree of residual uncertainty 
b.	 Degree of hazard 
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PARTIAL LIST OF ISSUES TO BE RESOLVED 

•	 How to measure the degree of DID? 

•	 How to measure the degree of uncertainty in performance of the safety 
system, encompassing quantified and unquantified uncertainty? 

•	 How to measure the degree of potential hazard posed by a system? 

•	 How to implement DID when the degree of uncertainty about different 
system components is not uniform? 

•	 How to use current state of knowledge to make reasonable tests for a 
system to have sufficient DID, which allows for incomplete knowledge? 

•	 How to explain to stakeholders the flexibility inherent in a risk-informed, 
performance-based approach to DID, which also provides reasonable 
assurance of safety? 

17 



SUMMARY 

•	 NMSS intends to consider implementation of DID in the context of risk
informed, performance-based regulation. 
o	 In ongoing regulatory activities 
o	 As part of the evolving risk-informed framework for NMSS 

•	 As a general safety principle, the degree of DID needed to assure safety 
depends on several factors including: 
o	 Degree of residual uncertainty 
o	 Degree of hazard 

•	 NMSS plans to implement DID as a system requirement, where feasible, 
rather than by prescriptive, subsystem requirements. 

•	 NMSS needs flexibility in any overall approach in implementing DID to 
permit appropriate regulation for the range of systems regulated 
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COMMISSION WHITE PAPER ON RISK-INFORMED
 
PERFORMANCE-BASED REGULATION
 

"Defense-in-depth is an element of the NRC's Safety Philosophy that employs 
successive compensatory measures to prevent accidents or mitigate damage if 
a malfunction, accident, or naturally caused event occurs at a nuclear facility. 
The defense-in-depth philosophy ensures that safety will not be wholly 
dependent on any single element of the design, construction, maintenance, or 
operation of a nuclear facility. The net effect of incorporating defense-in-depth 
into design, construction, maintenance, and operation is that the facility or 
system in question tends to be more tolerant of failures and external 
challenges." 
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S = C - 0 = Safety Margin 
Magnitude 
ofS=C-D FS = C/D = Factor of Safety 

o 
Figure (c) Safety Margin as a random variable. CFS = E{C}IE{D} = Central Factor of Safety 

THE CONCEPT OF MARGIN IN A PROBABILISTIC CONTEXT
 

Probability 
4. 

S=C'-D' 

1 
FS=C'/D' 

nominal value 

'" 
D' C' 

i/ 

Figure (a) Deterministic System 

Probability 

t P(f) , P{S~O} 

NOTE: prime indicates 

Probability, Pc(C), PD(D)
 

DemanZ:buti~ /iStributiOn C 

Magnitude 
I I I ( I , J 1> of C or D 

Magnitude E{D} E{C} 
Figure (b) Capacity-Demand Model 

D=Demand 

C = Capacity 
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•	 Extended public comment period on the proposed 
10 CFR Part 63 ended on June 30, 1999; final rule to 
the Com'mission by March 31, 2000 

•	 VVorkin progress 

- Objective is to ,share staff's best current thinking in 
clarifying the multiple barriers provision for 
postclosure safety evaluation 

- Defense in depth in preclosure safety evaluation is 
implemented through accident prevention, mitigation 
and intervention (e.g., emergency planning) 
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•	 Consistent with NRC's safety philosophy as stated in 
Commission's White Paper on Risk-Informed and 
Performance-Based Regulation 

•	 Implemented as an assurance requirement in Part 63
 
to provide confidence that
 

J Known uncertainties are appropriately captured in 
the compliance demonstration calculations 

JThe repository system is sufficiently robust to 
account for imperfect knowledge 
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•	 Assess all significant negative impacts on safety in 
the compliance demonstration calculations 

•	 Identify all barriers in the above analysis 

•	 Describe and quantify capabilities of the barriers 

•	 Perform additional analyses to show safety does not 
wholly dependent on any single barrier 

•	 Provide technical basis 
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• Show balance of the repository system has the 
ability to compensate for an under-performing 
barrier so public health and safety are protected 
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•	 What should be the degree of barrier under

performance?
 

-	 Performance-based 

-	 Prescriptive 

•	 How should NRC evaluate the outcome of
 
barrier under-performance analysis?
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•	 Uses individual dose to evaluate the outcome of
 
barrier under-performance analysis
 

•	 DOE quantifies the amount of under-performance 
for each barrier that can be compensated by the 
balance of the repository system to illustrate the 
extent of system resilience 
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•	 Multiple barrier is a system requirement for licensing a 
potential high-level waste repository at Yucca Mountain 

•	 NRC will determine whether DOE has shown that the 
repository meets applicable regulations 

..I Both geologic and engineered barriers contribute to 
safety 

..IThe repository system has the ability to compensate 
for under-performance of anyone barrier 

..I Not seeking complete redundancy 
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i •	 Extended public comment period on the proposed 
I	 

10 CFR Part 63 ended on June 30, 1999; final rule 
to the Commission by March 31, 2000 

- Staff consideration of the public comments is well 
underway 

- Information received during this meeting will be 
available to the staff in preparing responses to the 
public comments, drafting the final rule and developing 
guidance in the Yucca Mountain Review Plan 

- Transcript of this meeting will be made available to the 
public on the rulemaking website 

9 
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DEFENSE-IN-DEPTH: PERSPECTIVE FOR 

RISK-INFORMING 10 CFR 50 

presentation to 

JOINT ACNW/ACRS SUBCOMMITTEE 

T. L. King, RES 
G. M. Holahan, NRR 
January 13, 2000 



BACKGROUND 

• No formal regulation or agency policy statement on DID 

• Commission White Paper on Risk-Informed Regulation (March 11, 1999): 
IIDefense-in-depth is an element of the NRC's Safety Philosophy that employs 
successive compensatory measures to prevent accidents or mitigate damage if 
a malfunction, accident, or naturally caused event occurs at a nuclear facility. 
The defense-in-depth philosophy ensures that safety will not be wholly 
dependent on any single element of the design, construction, maintenance, or 
operation of a nuclear facility. The net effect of incorporating defense-in-depth 
into design, construction, maintenance, and operation is that the facility or 
system in question tends to be more tolerant of failures and external challenges." 

• This philosophy is implemented in a number of ways depending on the specific program. 
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REACTOR PROGRAM 
DEFENSE-IN-DEPTH 

Included in Reactor Regulation (e.g., GDC, SRP ... ) 

Included in Licensing and License Amendment Process 

Included in Reactor Oversight Process 
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APPLICATION OF DID IN REACTOR REGULATION 
, 

•	 Current Part 50 requirements include DID considerations: 
prevention and mitigation 
single failure criterion 
redundancy/diversity 
barriers to FP release (cladding, RCS, containment) 
EP 
quality of design and operation 

•	 Application of DID varies: 
AOOs - DID in response to initiating events 

- DID preserves barrier integrity 
DBAs - DID in response to and mitigation of initiating events 

- DID preserves mitigation
 
Severe Accidents - DID in mitigation
 

4 



Reactor Saretv Course (R-800) 1.1 1946-1953, Emergence or Safetv Strategies 

Safety Strategy Postulate
 

Accident Prevention 

Accidents 

Safety Systems 

Releases from RCS 

Containment 

Accident Management 

Containment Leakage 

Stationary Individuals 

Figure 1.1-1 Defense in depth, safety strategies 

USNRC Technical Training Center NUREG/CR-6041s 



Reactor Safety Course (R.800)	 1.1 1946·1953, Emergence of Safety Strategies 

TABLE 1.1-1
 
DEFENSE IN DEPTH
 

MULTILAYER PROTECTION FROM FISSION PRODUCTS
 

Barrier or Layer 

1.	 Ceramic fuel pellets 

2.	 Metal cladding 

3.	 Reactor vessel and piping 

4.	 Containment 

5.	 Exclusion area 

6.	 Low population zone, 
evacuation plan 

7.	 Population center distance 

Function 

Only a fraction of the gaseous and volatile fission 
products is released from the pellets. 

The cladding tubes contain the fission products 
released from the pellets. During the life of the fuel, 
less than 0.5 percent of the tubes may develop pinhole 
sized leaks through which some fission products 
escape. 

The 8- to to-inch (20- to 25-cm) thick steel vessel and 
3- to 4-inch (7.6- to 10.2-cm) thick steel piping contain 
the reactor cooling water. A portion of the circulating 
water is continuously passed through fl1ters to keep the 
radioactivity low. 

The nuclear steam supply system is enclosed in a 
containment building strong enough to withstand the 
rupture of any pipe in the reactor coolant system. 

A designated area around each plant separates the plant 
from the public. Entrance is restricted. 

Residents in the low population zone are protected by 
emergency evacuation plans. 

Plants are located at a distance from population 
centers. 

,
USNRC Technical Trainlng Center	 NUREG/CR-6042 
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REACTOR PROGRAM 
DEFENSE-IN-DEPTH 

General Design Criteria 

I. (GDC1-5) Overall Requirements 

II. (GDC 10-18) Protection by Multiple Fission Product Barriers 

III. (GDC 20-29) Protection and Reactivity Control Systems 

IV. (GDC 30-46) Fluid Systems 

V. (GDC 50-57) Reactor Containment 

VI. (GDC 60-64) Fuel and Radioactivity Control 

7 



REACTOR OVERSIGHT PROGRAM
 

DEFENSE-IN-DEPTH 

Reactor Oversight Process uses "cornerstones" as a central element 
in its formulation 

Cornerstones are a Defense-in-depth concept 

8
 



DEFENSE IN DEPTH IN THE REACTOR OVERSIGHT PROGRAM
 

PUBLIC HEALTII AND SAFETY NI{C'~ 

AS A RESULT OF CIVILIAN 
S..fety 
Overall 

NUCLEAR REACTOR 
Mis...,ion OPERATION 

I 
REACTORStrategic
 

Performance
 SAFETY 
Areas 

, ,~ ~ 
EMERGENCYINITIATING I _IMITIGATION! _I BARRIER PUBLIC

PREPARF..DNE..')SEVENTS ~ SYSTEMS ~ INTEGRllYCornerstones 

RADIATION 

SAFJ:e:TY 
SAFEGUARDS 

!ocCUPATIONAL 
PHYSICAL 

PROTEcnON 

------------- HUMAN ---------- SAFETY CONSaOUS WORK --------------- PROBLEM -------- 
PERFORMANCE ENVIRONMENT IDENTIFICATION AND 

RESOI~unON 

• PEtnURMANCE INDICATOR 

·INSPECflON 

Figure 1- Cornerstones of Safety • OrnER INFORMAFnON SOURCES 

• DECISION TIlRF-SHOLDS 
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I Table 1 - PERFORMANCE INDICATORS 

Cornerstone Indicator 

" 

Unplanned scrams per 7000 critical hours (automatic and 
manual scrams) 

Risk-significant scrams per 3 years 

Thresholds 
Increased Regulatory 

Response Band 
Required Regulatory 

Response Band 
Unacceptable 

Performance Band 

Initiating Events >3 >6 >25 

>4 >10 >20 

Transients per 7000 critical hours >8 N/A N/A 

Mitigating Systems Safety System Performance 
Indicator Unavailability 

HPCI and RCIC 
HPCS 
Emergency Power 
RHR 
AFW 
HPSI 

>0.04 
>0.015 
>0.025 
>0.015 
>0.02 
>0.015 

>0.12 
>0.04 

>0.05 (>2EDG >0.1) 

>0.05 
>0.06 
>0.05 

>0.5 
>0.2 

>0.1 (>2EDG >0.2) 

TBD 
>0.12 
TBD 

Safety System Failures >5 - prior 4 qtrs N/A N/A 

Barriers 
• Fuel Cladding 

• Reactor Coolant 
System 

• Containment 

Reactor coolant system (RCS) specific activity 

RCS leak rate 

Containment leakage 

Emergency Response Organization (ERO) drilVexercise 
performance 

>50% of TS limit >100% of TS limit N/A 

>50% of TS limit >100% of TS limit N/A 

>100% LA N/A N/A 

Emergency 
Preparedness 

<75% - prior 6 
months; 

<90% - prior 2 
years 

<55% - prior 6 
months; 

<70% - prior 2 
years 

N/A 
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Table 1 - PERFORMANCE INDICATORS 1 

Cornerstone Indicator Thresholds 
Increased Regulalory 

Response Band 
Required Regu~~,ory 

Response Oand 
UnaccePIabie 

Per10rmence Band 

ERO readiness (percentage of ERO shift crews that have 
participated in a drill or exercise in the past 24 months) 

<80% • prior 2 
years; 

<90% - prior 3 
years 

<60% - prior 2 
years; 

<70% - prior 3 
years 

N/A 

Alert and Notification System performance (percentage of 
availability time) 

<94% per year <90% per year N/A 

Occupational 
Radiation Safety 

Occupational exposure control effectiveness (the number 
of non-compliances with 10 CFR 20 requirements for (1) 
high (greater than 1000 mRem/hour) and (2) very high 
radiation areas, and uncontrolled personnel exposures 
exceeding 10% of the stochastic or 2% of the non-
stochastic limits) 

6 or more 
occurrences in 3 

years (rolling 
average); 

3 or more in 1 
year 

12 or more 
occurrences in 3 

years (rolling 
average); 

6 or more in 1 
year 

N/A 

Public Radiation 
Safety 

Offsite release performance (number of effluent events 
that are reportable per 10 CFR 20, 10 CFR 50 Appendix I, 
Offsite Dose Calculation Manual, or Technical 
Specifications) 

7 or more events 
in 3 years (rolling 

average); 
4 or more events 

in 1 year 

14 or more events 
in 3 years (rolling 

average); 
8 or more events 

in 1 year 

N/A 

Physical Protection Protected Area security equipment performance 
(availability of systems to perform their intended functions) 

<95% per year <85% per year N/A 

Vital Area security equipment performance (availability of 
systems to perform their intended functions) 

<95% per year <85% per year N/A 

Personnel screening process performance (acceptable 
implementation of the access authorization program) 

3-5 reportable 
events 

6 or more 
reportable events 

N/A 

-
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LICENSEE PERFORMANCE
 
;NCREASING SAFETY SIGNIFICANCE ......-..->
 

.....--.. Ii ii' , I 
.:.. ':' 

1I,'One'or Two 'nputs UI., One Degraded . ,'.',1'. .L'Aii Assessm~nt:.•. ·IV. Repetitive Degrade~· V. Overall Red '::',:.: .. ': :,:::(j) '.' (/;;':', White (in different: .. :', ~., Comerstone (2 Inputs ;:" Comerstone, Mulllple·:,. (Unacceptable),:. ". '.'.... inpuis (Pie and::.'";:'
....J '.i Cornerstone -", .,,,"" ,cornerstones): ,I;":" i:" White 01'.1 Input Yellow):' Degraded Comerstones, 0 Performance; Plants Nof'..~:.::> 
(j) Inspection Areas)'.' :,:' Cornerstone Objectives i,,' or any 3 White Inputs;" or MUltiple Yellow',:':, Normally PermiUed to 
w Green; Comerstorie···'· FullyMet:: ',';' ::;~'~"': Comerstone ObJectives' Inputs; Cornerstone :; . Operate Within this Band, 
0:: .' .ii:<, j;,<. Objectives Fully Met' ,I Objectives Met with'::-' ';1 Unacceptable Margin to :

,': ":." ,:: ;:.; ... :" :.: .,1, ",' Significant Reductionlrt;. 'Safety ....::;...,i .':?"i:" :;i".';,;::': ~~~:~~..; '" . 
!".:;:~ , ': ::: Safety Margin .:; ,,' ",I· 

Management: . 
U 

..;....,',
·Mee Ilg:": .'" '.: 
· ;,' .">,,\: .. ~,:' ~~:~;i~: : 

Routine Resident 
Inspector Interaction 

SRI/BC Meet with 
licensee 

DD/RA Meel with 
Licensee Managemenl 

EDO Meet with Senior 
Licensee Management 

Commission meeting with 
Senior Licensee 
Management 

Licensee'Action licensee Corrective Licensee Corrective Licensee Self licensee Performance 
···>'.'·(~:;~Jnr'~~:;·;:: Action Action with NRC Assessment with NRC Improvement Plan with 

W 
en 

;:,,/.,:,.:,:::;/..',: 
. ,'...,...... ,....... ".,', 

Oversight Oversight NRC Oversight I 

I 
Zo NR.. O}~.s.p..eRtl.oll Risk.l~formed. Inspection Follow-up Inspection Focuse~ on Team Inspection 

D.en 
.' (;c};"'.',;;"':'; '.+;:

I:':":'" ',:'v!)' 'J",:
'oJ'..;.. ,.. ,,·;···.··· 

Baseline Inspection 
Program 

Cause of Degradation Focused on Cause of 
Overall Degradation 

W 
0::: 

... '., '.' ',;. 
RegulatorY~:' r None -Document Response to -Docket Response to ·10 CFR 50.54(') Letter Order to Modify, Suspend, 

• - • I~ '}.-

Actlons/,,;;,; :.' 
, 

, Degrading Area In Degrading Condition • CAUOrder or Revoke Licensed 

.i:'1,j';!i[;~i':"~ 
Inspection Report (Consider N+ 1 

Inspection for 2 
Consecutive Cycles in 

(Consider N+1 
Inspection for 2 
Consecutive Cycles In 

Activities 

This ,., This ,., 

ASseSsment1: :.::' 
z Report:> i;'~<;.

5A}::~;;t:~!~;rfd;;:C:' 
DO review/sign 
assessment report 
(w/ inspection plan) 

DO review/sign 
assessment report (w/ 
Inspection plan) 

RA review/sign 
assessmenl report (w/ 
inspection plan) 

RA review/sign 
assessment report'(w/ 
Inspection plan) 

RA review/sign 
assessmenl report (w/ 
inspection plan) 

z ,.:;:1. .. 
~ 

:::E 
:::E o o 

SRt or Blimch Chief 
Meet WIth LIcensee 

SRf or Branch Chief 
Meet with Licensee 

RA Discuss 
Performance with 
Licensee 

EDO Discuss 
Performance with Senior 
Licensee Management 

Commission Meeting with 
Senior Licensee 
Management 10 Discuss 
Licensee Performance 

D < ~ I RRview I" ••••••••••> 

Table 5 - Action Matrix \'2. 
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ISSUES RELATED TO
 
APPLICATION OF DID IN REACTOR RISK-INFORMED ACTIVITIES
 

•	 RI - License Amendments: 
RG 1.174 guidance on DID. 

•	 RG 1.174 - lists elements of DID 
balance between prevention and mitigation 
avoid over-reliance on programmatic activities 
system redundancy, diversity, independence 
defense against common cause failures 
independence of barriers 
defense against human errors 
intent of GOes 

RI - Part 50: 

working definition of DID for:
 
OPTION 2 (scope)
 
OPTION 3 (technical requirements)
 

Policy Issues: 

is a definition of DID needed in the Safety Goal Policy?
 
is a separate policy statement needed on DID?
 

l~ . 



DEVELOPMENT OF A WORKING DEFINITION OF DID
 

• E..Y.rpose of Working Definition of DID:
 

establish an approach to be used in risk-informing 10 CFR Part 50 that provides: 

•	 multiple lines of defense 
•	 balance between prevention and mitigation 
•	 a framework to address uncertainties in accident scenarios: 

likelihood 
reliability 
consequence (phenomena modeling) 
success criteria 
completeness 

•	 Elements of Working Definition: 

DID should consist of two parts: 
•	 fundamental elements that should be provided in all cases 
•	 implementation elements that may vary depending on uncertainty and 

reliability and risk goals. 
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--------------------------------------------------------------- ------

WORKING DEFINITION OF DID FOR REACTORS 

• Fundamental Elements: 

build upon cornerstone concept: 
• initiating events 
• prevent core melt 
• contain fission products 
• EP& R
 
assure prevention and mitigation by providing:
 
•	 reliable core melt prevention for all credible inittating events: 

single failure criterion? 
active vs. passive failure? 
human performance? 
redundancy/diversity? 

• ability to contain FP given a core melt 
• EP& R 
assure balance between prevention and mitigation to achieve overall 
level of safety consistent with: 
• ~ 10-4/RY CDF 
• ~ 10-5/RY LERF 

15 
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CONCEPTU81.__E8AMJ~WORK FQB_8ALAJ~~C_EJ~tET\lVEE~L 

PREVENTION AND MITIGATION 
I 

I 

Adequate protectijO 
of the Public 

J
 

Defense in
 
Depth
 

I
 
r - - _1-	 - -Prev7muo;:; - -'- - --. r - - - 1 - -Mifigafion- - - - - - ~ 
I Respond to I I Contain Emergency 

Prevent I . I PI . d II . . Prevent Core Flss on annlng an 
I Imtlators DamaQe I I Products Response I_L------............	 _ J
_	 ...J 

Guidelines:(1)	 Consider the four cornerstones in pairs: 
Initiators and Responses <1 E-4 and Containment and Emergency Planning 
<.01, OR 

(2)	 Consider the cornerstones individually, based on initiator frequency 
Anticipated 

Initiators <1/yr 1E-4 .1 ~.1 

Infrequent 
Initiators <.01 1E-2 .1 ~.1 

Rare 
Events <1 E-6 1 1 . 1 

Basis:	 The overall metric is frequency of significant dose to an offsite individual 
Each row results in 1E-6 (summed over the events) 

16 



WORKING DEFINITION (CONT.) 

•	 lmplementation Elements: 

use of redundancy, diversity, and safety margins would be variable, as 
necessary, to achieve reliability and risk goals and balance of prevention 
and mitigation 

use of QA, EQ, 1ST, etc., would be variable, as necessary, to achieve 
reliability goals
 

use mean values in assessing risk
 

must consider full power and shutdown condition.
 

17
 



APPLICATION OF WORKING DEFINITION 

•	 Use for top down look at 10 CFR 50 

•	 Apply to each credible initiating event. 

•	 Do regulations, R.Gs., SRPs requirements result in achieving: 
risk goals 
balance between prevention and mitigation 
lines of defense 

•	 Do regulations, R.G. SRPs, adequately specify analysis methods 
and acceptance criteria? 

18
 



Defense-in-Depth 
Application to ALWR 

ACRS/ACNW Meeting
 
13 Jan. 2000
 

Gary Vine 
Sr. Washington Representative 

EP121 

•
VerVleW 

~ U.S. ALWR Program guided ALWR policies, 
design, development, & regulatory approval 
process from mid-'80s to late '90s 

~ Broad participation: ind.lgovt.; international 

~ ALWR Program embraced traditional D-in-D 
philosophy; drove designs to improved D-in-D 
~ Primary approach followed "Structuralist Model"* 

~ Areas of effort toward "Rationalist Model"* (later) 
(*as defined in ACRS paper by Sorensen et. al) 

EP121. 



~.i £LWR P I- ~~ ft. 0 lCles)r,\ 

• Simplification • Standardization 

• Design Margin • Proven Technology 

• Human Factors • Maintainability 

• Safety • Constructibility 

• Design Basis vs. • Quality Assurance 
Safety Margin • Economics 

• Regulatory • Sabotage Protection 
Stabilization • Good Neighbor 

EPf21 
,~.....,.,- .. 

'\i Areas of Emphasis Toward-
~ More Risk-Informed Approach 

~ Primary emphasis on accident resistance and 
prevention; balanced emphasis on mitigation 
~ Safety is critical to BOTH owner & NRC 

~ Investment protection also critical to owner 

~ Cost-effective design typically favored prevention 

~ Created some issues wrt "balance" in D-in-D 

~ Explicit consideration of severe accidents via 
Safety Margin Basis (best est., outside LDB) 

EPf21 
"-. 



VOLUME J: POLICY AND TOP-TIER DESIGN REQUIREMENTS
 

FIGURE 2 - ALWR SAFETY FOUNDATION
 

__ALWR SAFETY:__J7--....,o\ 

FOUNDAT'ON 
Conmlnment 

Assoclateel Systems 
Containment and 

Perlormance During 
~re AccIdent• LOCA DesIgn Basis 
• Margin Beyond LOCA 

Source Term 
• Modified 110 14844 

• RMlisllc: Source Term 

Safety System Features
Core Damage fat tnwstment Protedlon
 

Prevention
 - RealIdc AccIdent Sequence 
(Uull/ple Fe/lures) 

- AddIlIonaI MargIn to 
FuefDamage 

GNatly IrnprcMId MMIS 

Accident 
Increased MarginRa"tance SCmplIcity 
System Md Component 

Relillblity 

UCENSfNG DESfGN BASIS (LOB)
 
(DesIgn to !Met Code of
 

Feder8I ReguIetIons)
 

SAFETY MARGIN BASIS 
(PnMde eddltfon8l margin end 

features beyond Code of 
FedenJI Regul8tlons) 

LOB Evaluation Approach 

Conservative. Established 
Design Methods 

NRC Approved Codes. S1andards 
and Acceptance Criteria 

Cledit for Safety-Related 
Equipment., only 

Determ/nistlc Ucenslng 
Analyses oIlDB EYflnts 

Meet Code of Federal 
Regulations and NRC 
Regulatory Guidance 

Safety Margin Basis
 
Evaluation Approach
 

Best.stimate 
EvaluatJons of Design Margin 
and Safety Margin Basis 
Features 

UtRity-Specifled Marvin and 
Acceptance Criteria 

Credit for Both Safety-Related 
and Non-Safety-Related 
Equipment 

Deterministic: SeYflre Acc/dent 
Evaluations Supplemented by 
PM (1 E·S COF. 1E-6. 2S Rem 
Radioactive Release) 

Meet NRC ~reAccident 
and Safety Goal Policy 
Statements 

Page 1.3 



~ Areas of Emphasis Toward 
~k!'\ More Risk-Informed Approach 

~ Major reliance on PRA in design process 
~ Drove many URD and vendor design decisions 
~ critically important use for passive plants: RTNSS 
~ Regulatory use primarily confirmatory. Selective 

use to support new requirements (ex: approval of 
some "optimization issues" proposed by industry) 

~ Industry's quantitative safety requirements 
improved both prevention and mitigation 
~ CDF < 10 E-5; <25 Rem @ site boundary for 

sequences with cumulative frequency>10 E-6) 
~ opposed numerical coupling of D-in-D reqts. 

EPr21. 

~~ Areas of Emphasis Toward 
~ 

)~ More Risk-Informed Approach 

~ Regulatory Stabilization; assured Iicensability 
~ generic resolution of issues in advance of DC 

~ exceed regulations where feasible (provide margin 
to regulatory limits) 

~ "Optimization Issues" -- proposed changes to 
regulations where needed, typically driven by 
risk-insights 

~ Economic policy necessitated smart choices 

EPr21 



~ . 
~. ~oncludlng Remarks 
1'\ 
~ Risk-informed Regulation essential for future 

of advanced reactor deployment 
~ Die is cast. "Rationalist Model" for D-in-D 

will become the future approach 
~ No downsides to Rationalist Model, if 

implemented properly. Major advantages 
~ Risk-Informed Regs by definition require 

consideration of D-in-D; use of eng. judgment 
~ US leadership on D-in-D issues important 

EPf21 
" ., 
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DEFENSE IN DEPTH AND THE AP600. 

January 13,2000 

Brian A. Mcintyre 

Manager, Advanced Plant Safety and Licensing 

WESTINGHOUSE ELECTRIC COMPANY 

0051BAM.WPF/January 12, 2000 1 



DEFENSE IN DEPTH IIIDEFINITION I HISTORY 

Traditionally a Part of the Prescriptive-Deterministic Regulatory Process 

• 3 Barriers to Release 
• Worst Single failure Assumption 
• 2 means of Providing Shutdown Capability 
• Large Break LOCA 
• 10 CFR Appendix K 
• Accident Mitigation by Only Safety Related Equipment 

• Etc 

Invoked to Offset Perceived Uncertainties in Knowledge 

Never Sure Exactly What it was 

Never Sure When Enough was Enough 

Now Appropriate to Strike a Balance with Risk Informed 

0051BAM.WPF/January 12,2000 2 
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r~ I ; •DEFENSE IN DEPTH IN THE AP600 . .. .,.Il

Unquantifiable Aspects (Applicable Beyond Nuclear Power Plants) 

• Part of the Design Philosophy 

• PRA Used as a Design Tool to Identify Potential Areas of Improvement 

• Examined a Broad Range of Conditions 
• Shutdown and Low Power Operations 
• Single and Multiple Steam Generator Tube Rupture 
• With and Without Nonsafety-Related Systems 
• Common Mode Failures 
• Operator Errors 
• Hazards (Fire, Flood) 

• Examined Broad Range of Initiating Events 

Quantifiable Aspects 

• Low Core Damage Frequency 
• Focused PRA Results 

• Low Large Release Frequency 
• SAMDA 

0051 BAM.WPF/January 12, 2000 3 



II AP600 PRA RESULTS 

Core Damage 
Freouency 
At-Power Shutdown Total 

Large Release 
Freouency 
At-Power Shutdown Total 

Baseline PRA 1.7E-07 9.0E-08 2.6E-07 1.8E-08 1.5E-08 3.3E-08 

Focused PRA 7.7E-06 4.IE-07 8.IE-06 5.5E-07 2.6E-07 8.IE-07 

NRC Safety 
Goal 

lE-04 lE-06 

REF: AP600 Design Control Document 

0051BAM.WPF/January 12, 2000 4 



System Defense In Depth	 •
 

• AP600 Provides MUltiple Levels of Defense 
•	 First feature is usually nonsafety active feature
 

- High quality industrial grade equipment
 

•	 One feature is safety passive feature
 

- Provides safety case for SSAR
 

- Highest quality nuclear grade equipment
 

•	 Other passive features provide additional defense-in-depth 

- Example; passive feed/bleed backs up PRHR HX 

• Available for all shutdown conditions as well as at power 

• More likely events have more levels of defense 

Westinghouse Electric Company 
BAM SISI99 
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SG Tube Rupture •
 

Westinghouse Electric Company 
BAM 515/99 

50 



AP600 PRA	 •
 

• PRA Used as Design and Licensing Tool 
•	 7 PRA iterations performed on AP600; first in 1987, final in 1997 . 

- Extensive NRC review / comment 
• Plant designers interacted with risk analysis 

• Each PRA I Design Iteration Included 
• Plant design input and PRA model development 
•	 Quantification and sensitivity studies
 

- Importance of nonsafety features, operators, etc.
 
• Review / understanding of results 
•	 Improvement of PRA and plant 

- PRA analysis (event/fault trees, success criteria T/H analysis) 
- Plant operating procedures 
- Plant design 

•	 Subsequent PRA studies became more detailed 
- Internal/fire/flood events from at-power & shutdown conditions 

Westinghouse Electric Company 51 
BAM 5/5199 



AP600 PRHR HX FAILURE.
 

•	 Possible PRHR HX Failure Mechanisms 

Failure of AOV to open 
Mechanical failure 
Actuation failure 

Isolation valves miss-positioned closed 

Plugging of flow path 

Inadequate IRWST water level 

Non-condensable gas binding 

Water hammer 

Inadequate heat transfer 

TU 4CII!Io4 6' 



IRWST WATER LEVEL
 

• IRWST Water Required For PR~-iR HX Operation 

•	 Means of Losing IRWST Water Quantified in PRA 
IRWST rupture following PRHR HX actuation 

•	 Means of Losing IRWST Water Not Quantified in PRA 
Leakage prior to PRHR HX actuation 

Redundant (4) IRWST level instruments with alarms 
Boil off due to PRHR HX operation 

PRHR HX·can operate >72 hr without water return 
With water return can operate indefinitely 

'. 

n.s 412&'94 66 



AP600 PRHR HX GAS BINDING	 •
 

• PRHR HX Gas Binding Is Prevented By AP600 Design 

•	 Air from Shutdown Operations 
Procedures require venting 
Level detectors alarm condition allowing operators to manually vent 

•	 H2 from RCS or Pressurizer 
H2 in ReS is saturated at 30 p5ig 50 it can not come out of solution 
Level instruments would alarm condition 

•	 N2 from Accumulator Discharge 
Accumulators empty at very low pressures, about 100 psig 
During transients ReS does not drop to such pressures 
During LOCAs PRHR HX is assumed to fail when N2 enters RCS 

•	 Severe Core Damage 
PRHR HX is assumed to fail when H2 is generated by core damage 

1U4I2~64 



PRHR HX WATER HAMMER •
 

• Water Hammer Prevented By Design 
Inlet line to PRHR HX normally open 

Pressure difference across isolation valve only 30 psi 
No chance for low pressure void to exist downstream of isolation valve 

Inlet line routed to maintain hot 
Hot water prevents water hammer if HL becomes voided during 
accident 

• Water Hammer Not Included In PRA 

n.s .u2l1.'94 65 



INADEQUATE HEAT TRANSFER
 

• PRHR HX Sized On Data From AP600 Test 
Three full sized tubes tested at full pres/temp 

• PRHR HX Included In AP600 Integrated Tests 
SPES-2 and OSU 

• PRHR HX Will Be Tested In Each Plant 
Startup tests at full pres/temp 
1ST each refueling at reduced pres/temp 

113 4121194 67 



»
 
~
 oo
 
o
 oz
 
~
 -
z
 
s:
 
m
 

CD z
 
-I
 
en
 -a
 
:a
 
~
 

~
 m
 
s: 
.~ 

\ 

I 



-"
" 

RISK INFORMED PERSPECTIVE
 

AP-600 Release Mode Risk Contribution* 

Containment Isolation Failure 9.6-% 

Early Containment Failure 83.9-% 

Containment Bypass 5.8-% 

Other 0.7-% 

*population boundary dose risk -72 hr; PRA-Rev.9
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AP600 RISK SUMMARY •
 

Release Frequency 

(per year) 

72 Hour 
Population 
THOE Dose 
(man-rem) 

Risk 

(man-rem/yr) 

Early 
Failure 

6.6E-9 1.0E6 6.88-3 

Intermediate 
Failure 

1.3E-11 3.5E5 4.6E-6 

Late 
Failure 

1.5E-11 1.5E4 2.28-7 

Isolation 
Failure 

3.6E-10 2.iE6 7.7&4 

Bypass 1.1E-8 4.2E4 4.7&4 

Totals 8.068-3 

OS24BAM.WPFI8 



AP600 RISK REDUCTION ESTIMATE IILOW FLOW, NONSAFETY SPRAY 

Release 

.. 
. i.: 

Frequency 

(per year) 

72 Hour 
Population 
TEDEDose 
(man-rem) 

Risk 

(man-rem!yr) 

Reduced Risk 
Crediting Sprays 

(man-rem/yr) 

Comment 

Barly 
Failure 

6.68-9 1.0E6 6.8&3 3.88-3 Approximately 2 hours between start 
of release and CF 

Intermediate 
Failure 

1.3B-11 3.5B5 4.6&6 O. Assumes tens of hours of spraying' 
before CF 

Late 
Failure 

1.5E-11 1.5E4 2.2&7 O. Assumes tens of hours of spraying 
before CF 

Isolation 
Failure 

3.6E-1O 2.1E6 7.7E-4 S.8E-S Assumes 1 hour worth of spray 
decontamination 

Bypass 1.1E-8 4.2E4 4.7&4 4.78-4 No spray reduction 

Totals 8.06E-3 4.3E-3 

0051BAM.WPF/January 12,2000 5 
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EXECUTIVE SUMMARY
 

EPRI
 

Introduction 

The U.s. utilities are leading an industry wide effort to establish the technical 
foundation for the design of the Advanced Light Water Reactor (ALWR). This 
effort, the ALWR Program, is being managed for the U.s. electric utility industry 
by the Electric Power Research Institute (EPR!) and includes participation and 
sponsorship of several international utility companies and close cooperation with 
the U.S. Department of Energy (OOE). The cornerstone of the ALWR Program is 
a set of utility design requirements which are contained in the ALWR Utility 
Requirements Document. 

Purpose of the Utility Requirements Document 

The purpose of the Utility Requirements Document is to present a clear, complete 
statement of utility desires for their next generation of nuclear plants. The Utility 
Requirements Document consists of a comprehensive set of design requirements 
for future LWRs. The requirements are grounded in proven technology of 35 
years of commercial U.s. and international LWR experience. Furthermore, the 
utility design requirements build on this LWR experience base, correcting prob
lems which existed in operating plants and incorporating features which assure 
a simple, robust, more forgiving design. 

The anticipated uses of the Utility Requirements Document are threefold: 

• Establish a stabilized regulatory basis for future LWRs which includes the 
NRC's agreement on resolution of outstanding licensing issues and severe 
accident issues, and which provides high assurance of licensability; 

• Provide a set of utility design requirements for a standardized plant which 
are reflected in individual reactor and plant supplier certification designs; 

• Provide a set of utility technical requirements which are suitable for use in 
an ALWR investor bid package for eventual detailed design, licensing and 
construction, and which provide a basis for strong investor confidence that 
the risks associated with the initial investment to complete and operate the 
first ALWR are minimal. 
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EXECUTIVE SUMMARY 

Scope of Requirements Document 

The Utility Requirements Document covers the entire plant up to the grid inter

face. It therefore is the basis for an integrated plant design, i.e., nuclear steam
 
supply system and balance of plant, and it emphasizes those areas which are
 
most important to the objective of achieving an ALWR which is excellent with
 
respect to safety, performance, constructibility, and economics. The document
 
applies to both Pressurized Water Reactors (PWRs) and Boiling Water Reactors
 
(BWRs).
 

The Utility Requirements Document is organized in three volumes. Volume I
 
summarizes ALWR Program policy statements and top-tier utility requirements.
 

Volumes II and III present the complete set of top-tier and detailed utility require
ments for specific ALWR design concepts. Volume II covers Evolutionary 
ALWRs. These are simpler, much improved versions of existing LWRs, up to 1350 
MWe, employing conventional but significantly improved, active safety systems. 
Volume III covers Passive ALWRs, greatly simplified, smaller (i.e., reference size 
600 MWe) plants which employ primarily passive means (Le., natural circulation, 
gravity drain, stored energy) for essential safety functions. Two passive design 
concepts are addressed in Volume III, the Passive BWR with pressure suppres
sion containment and the loop-type Passive PWR with dry containment. While 
these Volume III concepts are not yet as completely developed as the 
Evolutionary ALWR, they extensively utilize existing LWR experience and 
Evolutionary ALWR utility requirements, and are expected to offer substantial 
advantages in constructibility and operability as well as the potential to surpass 
the very high ALWR safety standards. 

In addition to the above Volume II and III ALWR concepts, there may be other 
design concepts which could be developed to meet ALWR Program objectives. 
Such design concepts are, however, not explicitly addressed in the Utility 
Requirements Document at this time. 

ALWR Policies 

The ALWR Program has formulated policies in a number of key areas in order to 
provide guidance for overall Utility Requirements Document development, and 
to provide guidance to the Plant Designer in applying the requirements. While 
not design requirements themselves, the policies cover fundamental ALWR prin
ciples which have a broad influence on the design requirements. A summary of 
key policy statements is as follows: 

Page ii 

, 



E X E CUT I V E SUMMARY 

Simplification 

Design Margin 

Human Factors 

Safety 

Design Basis Versus 
Safety Margin 

Regulatory 
Stabilization 

Simplification is fundamental to ALWR success. 
Simplification opportunities are to be pursued with 
very high priority and assigned greater importance in 
design decisions than has been done in recent, operat
ing plants; simplification is to be assessed primarily 
from the standpoint of the plant operator. 

Like simplicity, design margin is considered to be of 
fundamental importance and is to be pursued with 
very high priority. It will be assigned greater impor
tance in design decisions than has been done in recent, 
operating plants. Design margins which go beyond 
regulatory requirements are not to be traded off or 
eroded for regulatory purposes. 

Human factors considerations will be incorporated 
into every step of the ALWR design process. 
Significant improvements will be made in the main 
control room design. 

The ALWR design will achieve excellence in safety for 
protection of the public, on-site personnel safety, and 
investment protection. It places primary emphasis on 
accident prevention as well as significant additional 
emphasis on mitigation. Containment performance 
during severe accidents will be evaluated to assure 
that adequate containment margin exists. 

The ALWR design will include both safety design and 
safety margin requirements. Safety design require
ments (referred to as the Licensing Design Basis 
[LOB]) are necessary to meet the NRC's regulations 
with conservative, licensing-based methods. Safety 
margin requirements (referred to as the Safety Margin 
Basis [5MB]) are Plant Owner-initiated features which 
address investment protection and severe accident 
prevention and mitigation on a best estimate basis. 

ALWR licensability is to be assured by resolving open 
licensing issues, appropriately updating regulatory 
requirements, establishing acceptable severe accident 
provisions, and achieving a design consistent with 
regulatory requirements. 
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EXECUTIVE SUMMARY 

Standardization 

Proven Technology 

Maintainability -

Constructibility 

Quality Assurance 

Economics 

Sabotage Protection 

Good Neighbor 

Page iv 

The ALWR utility requirements will form the technical 
foundation which leads the way to standardized, certi
fied ALWR plant designs. 

Proven technology will be employed throughout the 
ALWR design in order to minimize inveshnent risk to 
the plant owner, control costs, take advantage of exist
ing LWR operating experience, and assure that a plant -. 
prototype is not required; proven technology is that 
which has been successfully and clearly demonstrated 
in LWRs or other applicable industries such as fossil 
power and process industries. 

The ALWR will be designed for ease of maintenance to 
reduce operations and maintenance costs, reduce occu
pational exposure, and to facilitate repair and replace
ment of equipment. 

The ALWR construction schedule will be substantially 
improved over existing plants and must prOVide a basis 
for investor confidence through use of a design-for-con
struction approach, and completed engineering prior to 
initiation of construction. 

The responsibility for high quality design and construc
tion work rests with the line management and person
nel of the Plant Designer and Plant Constructor organi
zations. 

The ALWR plant will be designed to have projected 
busbar costs that provide a sufficient cost advantage 
over the competing baseload electricity generation tech
nologies to offset higher capital investment risk associ
ated with nuclear plant utilization. 

The design will provide inherent resistance to sabotage 
and additional sabotage protection through plant secu
rity and through integration of plant arrangements and 
system configuration with plant security design. 

The ALWR plant will be designed to be a good neighbor 
to its surrounding environment and population by min
imizing radioactive and chemical releases. 



E X E CUT I V E SUMMARY 

ALWR Top-Tier Design Requirements 

A brief summary of top-tier utility design requirements is provided in Table 1 for 
the ALWR. The top-tier utility design requirements are categorized by major 
functions, including safety and investment protection, performance, and design 
process and constructibility. There is also a set of general utility design require
ments, such as simplification and proven technology, which apply broadly to the 
ALWR design, and a set of economic goals for the ALWR program. The top-tier 
utility design requirements are described further in Volume I and are formally 
invoked as utility requirements in Volumes II and III. These requirements reflect 
the ALWR Program policies described above and form the basis for developing 
the detailed system design requirements for specific ALWR concepts in Volumes 
II and III. Figure 1 shows the relationship of Volumes I, II, and III. 

ALWR Implementation 

Assuring that the role of the Utility Requirements Document is understood and 
is successfully carried out depends on an understanding of the relationship 
between the various activities which comprise ALWR implementation. 
Accordingly, implementation scenarios for the Evolutionary and Passive ALWRs 
have been developed. Though uncertainties still exist at this point, these scenar
ios are plausible enough to provide reasonable understanding of the relationships 
noted above. A key assumption in the implementation scenarios is that increas
ing demand for electricity in combination with concerns over the environment 
and greenhouse gas effects associated with fossil fuel burning will result in sig
nificant improvements in political and public acceptance of nuclear power in the 
U.s. The implementation scenarios are also based on the ALWR policy that a pro
totype plant is not required. Figure 2 shows the major milestones in the 
Evolutionary and Passive ALWR implementation scenarios. 

Table 1. Summary of Top-Tier ALWR Plant Design Requirements 

Subject Area of Requirement Statement of Requirement 

GENERAL UTILITY 
DESIGN REQUIREMENTS 

Plant type and size PWR or BWR, applicable to a range of sizes up to 1350 MWe 

• Reference size for Evolutionary ALWR: 1200-1300 MWe 
per unit; 

• Reference size for Passive ALWR: 600 MWe per unit. 
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Safety system concept 

Plant design life 

Design philosophy 

Plant siting envelope 

Simplified safety system concepts: 

• Evolutionary ALWR - simplified, improved active sys
tems; ] 

• Passive ALWR - primarily passive systems; safety-related 
.\ac electric power shall not be required. 

60 years 

Simple, rugged, high design margin, based on proven tech
nology; no power plant prototype required. 

Must be acceptable for most available sites in U.s.; 0.3g Safe 
Shutdown Earthquake (SSE). 

SAFETY AND INVESTMENT
 
PROTECTION 

Accident resistance 

Core damage prevention 

• Core damage frequency 
than 10-5 per reactor year. 

• LOCA protection 

• Station blackout coping 
time for core cooling 

• Operator action 

Mitigation 

• Severe accident frequency 
and consequence 

Page vi 

Design features that minimize the occurrence and severity 
of initiating events, such as: 

• Fuel thermal margin ~ 15%; 

• Slower plant response to upset conditions through
 
features such as increased coolant inventory;
 

• Use of best available materials. 

Design features that prevent initiating events from 
progressing to the point of core damage. 

Demonstrate by PRA that core damage frequency is less 

No fuel damage for up to a 6-inch break 

8 hours minimum (indefinite for Passive ALWR) 

For passive ALWR, no core protection regulatory limits 1 
exceeded for at least 72 hours assuming no operator action j
for LOB events including loss of all power. 

Demonstrate by PRA that the whole body dose is less than 
25 rem at the site boundary for severe accidents with 
cumulative frequency greater than 10-6 per year. 

.. - , 
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• Containment Design Large, rugged containment building with design pressure 
based on Licensing Design Basis pipe break. 

• Containment Margin Margin in containment design is sufficient to maintain 
containment integrity and low leakage during severe 
accident. 

• Licensing source term Similar in concept to existing Regualtory Guide, TID loI844 
approach, but with more technically correct release 
fractions, release timing, and chemical form. 

• Hydrogen control to ensure Control concentration to less than 10% in PWR containment 
containment integrity for 100% active clad oxidation. 
under hydrogen bum 

• Emergency planning For Passive ALWR, provide technical basis for 
simplification of off-site emergency plan. 

PERFORMANCE 

Design availability 87% 

Refueling interval 24-month capability 

Unplanned automatic scrams Less than l/year 

Maneuvering Daily load follow 

Load rejection Loss of load without reactor trip or turbine trip for PWR 
(from 100% power) and for BWR (from 40% power). 

Low level radio active waste Based on best current plants 
produced 

Site spent fuel wet storage 10 years of operation plus one core off load 
capability 

Occupational radiation Less than 100 person rem per year 

•
I
1
 

exposure 

Operability and maintainability 

• Design for operation	 Operability features designed into plant, such as: forgiving 
plant response for operators, design margin, and operator 
environment. 

•	 Design for maintainance Maintainability features designed into plant, such as: 
standardization of components, equipment design for 
minimal maintenance needs, provision of adequate access, 
improved working conditions. 
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• Equipment access 

• Equipment replacement 

Man-Machine Interface 

• Instrumentation and
 
control systems
 

• Operations simplicity 

• Control stations 

DESIGN PROCESS AND 
CONSTRUCfABILITY 

Total time from owner 
commitment to construct to 
commercial operation 

ConstrUction time from first 
structural concrete to 
commercial operation 

Design status at time of 
initiation of construction 

Design and plan for 
construction 

Design process 

• Design integration 

• Configuration management 

• Information management 

Page viii 

Ready access to equipment. 

Facilitate replacement of components, including steam 
generators. 

Advanced technology, including software based systems, 
alarm prioritization, fault tolerance, automatic testing, 
multiplexing, and computer driven displays. 

A single operator able to control plans during normal 
power operation. 

Human engineered to enhance operator effectiveness, 
utilizing mockups, dynamic simulation, and operator input 
to design. 

1300 MWe evolutionary plant designed for less than or 
equal to 72 months 
600 MWe passive plant designed for less than or equal to 
60 months 

1300 MWe evolutionary plant designed for less than or 
equal to 5-l months 
600 MWe passive plant designed for less than or equal to 
42 months 

90% complete 

Design for simplicity and modularization to facilitate 
construction; develop an integrated construction plan 
through Plant Owner acceptance. 

Manage and execute design as a single, integrated process. 

Comprehensive system to control plant design basis and 
installed equipment and structures. 

Computerized system to generate and utilize an integrated 
plant information management system during design, con 
struction, and operation. 

;-.
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ECONOMICS 

Cost goal 

Resulting quantified 
cost goals 

• Median busbar cost 

• Uncertainty 

ALWR plants will have a sufficient cost advantage over 
competing baseload electricity generation technologies to 
offset a higher capital investment risk associated with 
nuclear plant utilization. 

Levelized January 1994 constant dollars for a 30-year 
capital amortization period, plant startup in 2005, and a 
mid-range-eost U.S. location (Kenosha, Wisconsin). 

Sufficiently less than 43 mills/Kwh to offset the higher 
capital investment risk associated with nuclear plant 
utilization. 

Projected 95th percentile non-exceedance cost substantially 
less than 53 mills/Kwh both to offset a higher capital 
investment risk associated with nuclear plant construction 
and to recognize that cost uncertainties with alternative 
generating technologies will decrease with time. 
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Figure 1. RELATIONSHIP OF THE THREE VOLUMES OF 
THE ALWR REQUIREMENTS DOCUMENT 

Executive 
Summary 

Volume III 
Passive AlWR 
Design Requirements 

_.--_1 •." " 

---

..... 

Volume I 
AlWR Policy and Summary 

of Top-TIer Requirements 

Volume II 
Evolutionary AlWR 
Design Requirements 
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Figure 2. PLAUSIBLE ALWR IMPLEMENTATION SCENARIO 
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DID ISSUES EMPHASIZING THE YUCCA MOUNTAIN REPOSITORY 

1. There are uncertainties in PAs. There is much less experience (data) with waste repositories 

than with reactors, so uncertainties in repository system performance are larger for waste 

repositories. 

2. Performance and risk assessments requirements are not as well understood for waste 

repositories as for reactors. We need to elucidate and explain these many differences and 

recognize them in the DID philosophy statements. 

3. There should be several lines of defense (DID) against release of radioisotopes and the 

resultant radiation exposures. The types and number of lines of defense should be directly 

related to the uncertainties~;:r;~1 

4. DID requirements for waste (and nuclear materials) are different in very important ways from 

DID for nuclear reactors. For example, in the case of the YM repository after closure there is 

little probability of an accident of the type that reactors may have. This is related to the physical 

nature of the systems and to the fact that there are very large time-dependent and potential 

energy differences. 

5. NRC should specifykar,y how the PAIPRA should be done by DOE in its ~ for the YM 

repository, and what it should include. If the NRC guidance is good then the assessment should 

be able to be done well without further specific NRC gUidance. 

6. Because of the nature of the interactions between NRC and license applications for complex 

systems there will always be a strong possibility of an iterative licensing process (Le., overtones 

of "bring me another rock"). 



NOTES ON DEFENSE IN DEPTH 

B. John Garrick
 
January 14, 2000
 

•	 Support the notion that defense in depth is a philosophy and approach to 
assuring safety to the public of nuclear facilities. "should not be converted to an 
algorithm or analytical process. Do not support making DID a formal 
requirement. 

•	 As a philosophy, prefer that DID not be explicitly defined for fear of the surrogate 
syndrome-i.e., putting licensing emphasis on surrogates rather than on the 
required overall performance or risk measure. We should support the concept of 
transitioning to a risk-informed, performance-based regulatory approach. 

•	 Favor allocation if by allocation is meant guidance on the quantification of 
protection systems (lines of defense) and the form of PRA and PPA results. Do 
not favor prescribing the performance of individual protection systems or 
protective barriers. We should continue to put the emphasis on quantifying the 
role and contribution of individual protection systems to the overall measures of 
risk and safety performance. 

•	 In the spirit of quantifying the performance of protection systems, which includes 
quantifying uncertainty, we should seek assurance that the protection systems 
contribute to the bottom line measures of performance and risk, including 
allowance for "unquantified uncertainties". 

•	 We should continue to embrace the concept of total system performance, where 
total captures not only the physical systems involved, but the support 
infrastructure as well, including human performance, procedures, software, and 
the quality assurance and administrative process. 



ACRS/ACNW Joint Subcommittee meeting 
January 13-14, 2000 

List of background documents 

Tab 1. ACRS report dated June 17, 1997 from R. L. Seale, Chairman, ACRS to Shirley Ann 
Jackson, Chairman, NRC, Subject: Proposed Staff Position Regarding Inclusion of a 
Containment Spray System in the AP600 Design 

Tab 2. Memorandum from J. N. Sorensen to ACRS Members, Subject: Historical Notes on 
Defense in Depth, October 15, 1997 

Tab 3. PRA Policy Statement (8/16/95) 

Tab 4. Advanced Nuclear Power Plant Policy Statement (7/12/94) 

Tab 5. Safety Goal Policy Statement (8/4/86) 

Tab 6. ACNW report dated October 31, 1997 from B. John Garrick, Chairman, ACNW to 
Shirley Ann Jackson, Chairman, NRC, Subject: Recommendations Regarding the 
Implementation of the Defens-in-Depth Concept in the Revised 10 CFR Part 60 

Tab 7. Regulatory Guide 1.174, An Approach for Using Probabilistic Risk Assessment in Risk
Informed Decisions on Plant-Specific Changes to the Licensing Basis, July 1998 

Tab 8. SECY-98-225, SUbject: Proposed Rule: 10 CFR Part 63 --- "Disposal of High-Level 
Radioactive Wastes in a Proposed Geologic Repository at Yucca Mountain, Nevada," 
September 28, 1998 (Only the SECY paper, the SRM governing its development (Attachment 
1), and the portion of Attachment 2 which discusses defense in depth and performance 
assessment are included here. Attachment 2 in its entirety is about 160 pages.) 

Tab 9. Memorandum from J. N. Sorensen to Andrew C. Campbell, Subject: Defense in Depth 
in the Geologic Repository, February 11, 1999 

Tab 10. SECY-98-144, Subject: White Paper on Risk-Informed and Performance-Based 
Regulation, and its associated SRM, February 24, 1999 

Tab 11. ACRS report dated May 19, 1999 from Dana A. Powers, Chairman, ACRS to Shirley 
Ann Jackson, Chairman, NRC, Subject: The Role of Defense in Depth in a Risk-Informed 
Regulatory System, and attached paper by J. N. Sorensen et aI., "On the Role of Defense in 
Depth in Risk-Informed Regulation." 

Tab 12. SECY-98-300, Subject: Options for Risk-Informed Revisions to 10 CFR Part 50
"Domestic Licensing of Production and Utilization Facilities," December 23, 1998, and its 
associated SRM dated June 8, 1999 

Tab 13. Letter from Robert J. Budnitz, Future Resources Associates, Inc., to B. John Garrick, 
Chairman, ACNW dated June 25, 1999 regarding the treatment of defense in depth in the 
proposed Part 63 



Tab 14. SECY-99-186, Subject: Staff Plan for Clarifying How Defense-in-Depth Applies to the 
Regulation of a Possible Geologic Repository at Yucca Mountain, Nevada, July 16, 1999 

Tab 15. SECY-99-191, Subject: Modifications to the Safety Goal Policy Statement, July 22, 
1999, and associated SRM dated October 28, 1999 

Tab 16. SECY-99-256. Subject: Rulemaking Plan for Risk-Informing Special Treatment 
Requirements, October 29, 1999 (without attachments) 

Tab 17. ACRS report dated October 12, 1999 from Dana A. Powers, Chairman, ACRS, to 
Greta Joy Dicus, Chairman, NRC, Subject: Proposed Plans for Developing Risk-Informed 
Revisions to 10 CFR Part 50, "Domestic Licensing of Production and Utilization Facilities" 

Tab 18. ACRS/ACNW report dated November 17, 1999 from Dana A. Powers, Chairman, 
ACRS, and B. John Garrick, Chairman, ACNW to Richard A. Meserve, Chairman, NRC, 
Subject: Implementing a Framework for Risk-Informed Regulation in the Office of Nuclear 
Material Safety and Safeguards 



UNITED STATES
 
NUCLEAR REGULATORY COMMISSION
 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
 
WASHINGTON. D. C. 20555
 

June 17, 1997 

The Honorable Shirley Ann Jackson 
Chairman 
u. S. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Dear Chairman Jackson: 

SUBJECT: PROPOSED STAFF POSITION REGARDING 
CONTAINMENT SPRAY SYSTEM IN THE AP600 

INCLUSION 
DESIGN 

OF A 

During the 442nd meeting of the Advisory Committee on Reactor 
Safeguards, June 11-14, 1997, we met with representatives of the 
NRC staff and the Westinghouse Electric corporation to discuss the 
proposed staff position that the AP600 design should include a 
containment spray system or equivalent for accident management 
following a severe accident. We also had the benefit of the 
documents referenced. 

The staff position is that the addition of a nonsafety-related 
containment spray system in the AP600 design would achieve an 
appropriate balance between prevention and mitigation of severe 
accidents. The staff stated that such a system would compensate 
for the uncertainties associated with natural removal mechanisms 
for aerosols during severe accidents and provide for accident 
mitigation and operator intervention capability as part of a long
term accident management strategy. The staff believes that a 
containment spray system or equivalent is consistent with the AP600 
passive design philosophy and the Commission's defense-in-depth 
philosophy. 

The Westinghouse position is that the AP600 design meets existing 
regulatory prevention and mitigation criteria, including the Safety 
Goals. This may well be the case; however, we have not yet 
completed our review. Westinghouse also contends that a 
requirement for additional systems is neither justified nor 
warranted. The information presented to us by Westinghouse did not 
address the relevant uncertainties associated with the AP600 
probabilistic risk assessment. 

Ideally, the determination of the need for a containment spray 
system should be based on a judgment as to the levels of 
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uncertainties associated with aerosol depletion and overall risk, 
as well as on the value of additional accident management 
capability • The first question of interest is, what are the nature 
and extent of the uncertainties of concern. If all uncertainties 
were quantifiable, it would be fairly straightforward to determine 
whether sufficient defense-in-depth is built into the system by 
assessing the risk status with respect to the subsidiary Safety 
Goals (core damage frequency and large, early release frequency). 
At present, however, a large component of uncertainties remain 
unquantified. The identification of these uncertainties and the 
qualitative jUdqments regarding their impact on requlatory
decisions would make the debate more specific and would enhance 
communication among the stakeholders. 

In judging the usefulness of a containment spray system in 
compensating for these uncertainties, both positive and negative 
impacts of this system should be evaluated in a quantitative and 
qualitative way. A judqment based on such an evaluation would help 
make the decision more acceptable to stakeholders because the basis 
for the decision would be explicit and transparent. Furthermore, 
such an evaluation process would be a good first step towards the 
integration of risk and traditional concepts such as defense-in
depth. 

Although we prefer to have the information from the evaluation 
outlined above, based on our current state of knOWledge, we support 
the staff's contention that the addition of a severe accident 
mitigation system is appropriate. The addition of a spray system 
to the AP600 containment would significantly increase its 
effectiveness in fission product control and provide the ability to 
intervene and control the course of an accident. We believe, 
however, that the spray design concept suggested by the staff is 
marginally adequate. 

The debate associated with this issue and the diffiCUlty of making 
a decision highlight our belief that the NRC needs to develop a new 
policy statement that would provide more quidance on the extent and 
nature of defense-in-depth expected by the Commission. 

Dr. Dana A. Powers did not participate in the Committee's 
deliberations regarding this matter. 

Sincerely, 

/1.7: ~ 
R. L. Seale 
Chairman 

10 ______________..L
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4.	 Memorandum dated January 15, 1997, from John C. Hoyle, 
Secretary, NRC, to Hugh L. Thompson, Jr., Acting Executive 
Director for Operations, NRC, and Karen D. Cyr, General 
Counsel, NRC, Subject: Staff Requirements - SECY-96-128 
Policy and Key Technical Issues Pertaining to the Westinghouse 
AP600 Standardized Passive Reactor Design. 

5.	 Memorandum dated February 19, 1997, for the commissioners, 
from Hugh L. Thompson, Jr., Acting Executive Director for 
Operations, NRC, SUbject: SECY-97-044, "Policy and Key 
Technical Issues pertaining to the Westinghouse AP600 
Standardized Passive Reactor Design." 

6.	 Memorandum dated March 18, 1997, from L. Joseph Callan, 
Executive Director for Operations, NRC, to Chairman Jackson, 
Subject: Use of Non-Safety-Related Equipment to Address 
Safety Concerns on Nuclear Power Plants. 

7.	 Letter dated March 13, 1997, from Brian A. McIntyre, 
Westinghouse Electric Corporation, to John Hoyle, Secretary, 
NRC, Subject: Westinghouse Comments on SECY-97-044, "Policy 
and Key Technical Issues Pertaining to the Westinghouse AP600 
Standard Pressurized Reactor Design." 

8.	 Memorandum dated. May 16, 1997, from L. Joseph Callan, 
Executive Director for Operations, NRC, to the NRC 
Commissioners, Subject: Westinghouse Comments on SECY-97-044, 
"Policy and Key Technical Issues Pertaining to the 
Westinghouse AP600 Standard Pressurized Reactor Design." 
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MEMORANDUM 

OFFICE OF .. 
ACRS/ACNW 

TO: ACRS Members 

a.-~~r-f- e.-c. 
FROM: ~J. N. Sorensen 

DATE: October 15, 1997 

SUBJECT: Historical Notes on Defense in Depth 

Attached for your information is a memorandum I prepared for 
Dr. Kress on the history of the term "defense in depth." This 
memo documents the preparation done for the August 27, 1997 
meeting of the Subcommittee on Regulatory Policies and Practices, 
and adds some new material to the discussion of the use of the 
term "defense in depth" in Commission policy statements. 

Attachment: As stated 

cc w/attachment: ACRS/ACNW Staff 
J. T. Larkins 
R. P. Savio 



. MEMORANDUM
 

TO: T. S. Kress 

FROM: j-;~~ 
SUBJECT: Historical Notes on Defense in Depth 

DATE: October 9, 1997 

The ACRS has been discussing the concept of defense in depth and 
its impact on the design, operation and regulation of nuclear 
power plants in a number of contexts during the past year. The 
basic questions that have been formulated appear to revolve 
around two concerns: (1) how is defense in depth defined and 
(2) how can it be determined that specific design or regulatory 
requirements are necessary or sufficient to achieve defense in 
depth? The purpose of this memo is to document the historical 
research done to support discussion of those two issues. 

The term "defense in depth" occurs frequently in the documented 
history of nuclear reactor safety. In fact, it is used so 
frequently that its evolution, meaning(s) and function in the 
design and regulatory processes are not always clear. For 
example, the term "defense in depth" does not appear in Title 
10 of the Code of Federal Regulations except in Appendix R of 
Part 50, where it appears once. The specific statement occurs in 
Section II.A, General Requirements, Fire Protection Program, 
which states in part, "The fi~e protection program shall extend 
the concept of defense-in- depth to fire protection in fire areas 
important to safety, with the following objectives: 

o To prevent fires from starting; 

o To detect rapidly, control, and extinguish promptly those 
fires that do occur; 

o To provide protection for systems, structures and 
components important to safety so that a fire that is not 
promptly extinguished . will not prevent the safe shutdown of 
the plant." 

Note the choice of words, ". . extend the concept of defense
in-depth This phrase implies that the concept of defenseII 

in depth is well understood at this point in the document, and 
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that it has been used in other sections of the regulations. In 
fact, the term itself is not defined in Title 10, and has no 
prior or subsequent appearances. The concept of defense in depth 
permeates the General Design Criteria in 10 CFR 50 Appendix A, 
and underlies other Title 10 requirements as well. One might 
reasonably conclude from this that the only requirements to 
implement defense in depth are those that are implicit in other, 
explicitly stated, requirements. (Perhaps defense in depth 
should properly be thought of as a response to specific design 
and regulatory requirements, since it does not appear to be a 
regulatory requirement per se. A configuration management 
perspective suggests that this may be an important thought. I 
will return to it in a later memo.) 

Joint Committee on Atomic Energy Hearings. 1967 

The earliest definition of defense in depth that I found (with 
the assistance of NRC historian Sam Walker) was in an April 1967 
statement submitted by Clifford Beck, then Deputy Director of 
Regulation, to the Joint Committee on Atomic Energy. The 
following two pages quote extensively from the paper because 
there may be some significance in how narrowly Beck defines 
defense in depth relative to the extremely broad view he takes of 
contributors to reactor safety. In discussing the system of 
safety protection for power reactors, the statement reads: 

"For safety, three basic lines of defense are built 
into the physical systems of nuclear power reactor 
facilities. 

1. The first and most important line of safety 
protection is the achievement of superior quality in 
design, construction and operation of basic reactor 
systems important to safety, which insures a very low 
probability of accidents. . Emphasis on this 
objective is reflected in: 

The stress placed on selection of proper 
materials, quality controls in fabrication of 
components, rigorous systems of inspection and testing, 
appropriate techniques and controls in workmanship. 

The requirement of high staIlud.rds of engineering 
practice in design for critical components and systems. 
For example, the principles of fail-safe design, 
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redundancy and backup, defense-in-depth, and extra 
margins of safety at key points are employed. The 
princip~e of defense-in-depth is illustrated by the 
successive barriers provided against the escape of 
fission products: (1) the ceramic uranium oxide fuel 
matrix has a very high retention capacity. ., (2) 
the fuel pins are sheathed in impervious claddings of 
stainless steel or zirconium; (3) the fuel core is 
enclosed in a high-integrity, pressure-tested primary 
coolant system. ., (4) a high-integrity pressure
and-Ieak-tested containment building entirely surrounds 
each reactor structure. 

Regularly scheduled equipment checks and maintenance 
programs; prompt and thorough investigation and correction 
of abnormal events, failures or malfunctions. 

The requirements of sound and well defined 
principles of good management in operation; a competent 
and well-trained staff, clearly assigned duties, 
written procedures, checks and balances in the 
procedures for revisions, periodic internal audits of 
operations, etc. 

2. The second line of defense consists of the 
accident prevention safety systems which are designed 
into the facility. 

These systems are intended to prevent mishaps and 
perturbations from escalating into major accidents. 
Included are such devices as redundancy in controls and 
shutdown devices; emergency power from independent 
sources - sometimes in triplicate - and emergency 
cooling systems. 

3. The third line of defense consists of 
consequences-limiting safety systems. These systems 
are designed to confine or minimize the escape of 
fission products to the environment in case accidents 
should occur with the release of fission products from 
the fuel and the primary system. These include the 
containment building itself, building spray and 
washdown system, building cooling system ., and an 
internal filter-collection system. 

Three reiated elements in the system of protection 
consist of the means for ensuring the effectiveness of 
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these three basic lines of defense in the physical 
facility. 

1. A major element is systematic analysis and 
evaluation of the proposed reactor design . up to 
and including the so-called "maximum credible 
accident." 

2. The system of numerous independent reviews by 
experts in the safety analysis and evaluation of a 
proposed facility by licensee experts and consultants, 
by the regulatory staff, the ACRS, the Atomic Safety 
and Licensing Boards, and the Commission . 

3. A system of surveillance and inspection is the 
final element mentioned here. During construction and 
after the reactor becomes operative, surveillance 
is maintained by means of periodic inspections, 
periodic reports from the company, examination of 
operating records, and investigation of facility 
irregularities." 

The broad picture Beck draws is of "three basic lines of 
defense." Within the "first line," he illustrates "the principle 
of defense-in-depth" by example, choosing the multiple physical 
barriers of fuel matrix, clad, primary system and containment. 
He then goes on to describe what he calls the second and third 
lines of defense, namely, accident prevention and limiting the 
consequences of accidents. Does he mean the term "defense-in
depth" to apply to his three broad "lines of defense"? It does 
not seem so. For example, within his discussion of the first 
line of defense, he lists and apparently intends to differentiate 
among the attributes "fail safe design, redundancy and backup, 
defense in depth, and extra margins of safety." If we accept 
this reading at face value, then he has defined defense in depth 
very narrowly and not very clearly by his example. (The example 
is clear, but its extension is not.) On tr.e other hand, how 
could one avoid interpreting "three levels of defense" as 
"defense in depth"? 
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Internal Study Group, 1969 

Another reference to defense in depth occurs in the "Report to 
the Atomic Energy Commission on the Reactor Licensing Program," 
by the Internal Study Group, June 1969. This study was initiated 
by the AEC in June 1968 to help assure that procedures keep pace 
with the rapid expansion of the nuclear industry. The study 
group members were appointed from the AEC staff, the ACRS, and 
the Atomic Safety and Licensing Board Panel. The Group 
considered the general questions of (1) the adequacy of the 
protection of the health and safety of the public and (2) whether 
regulatory procedures and requirements have adversely affected 
the development of the industry. The report states 

"The achievement of an adequate level of safety for 
nuclear power plants is generally recognized to require 
defense-in-depth in the design of the plant and its 
additional engineered safety features. The degree of 
emphasis on defense-in-depth in the nuclear field is 
new to the power industry. 

In seeking reliability of safety systems, there has 
been much attention in the nuclear field to redundancy, 
diversity, and quality control. As a result of the 
evolution of designs, and the large number of new 
orders for nuclear plants, questions have been raised 
regarding the proper balance among back-up systems with 
respect to the requirements of basic plant design. 

The Study Group endorses the defense-in-depth concept, 
but believes that the greatest emphasis should be 
placed on the first line of defense, i.e., on 
designing, constructing, testing and operating a plant 
so that it will perform during normal and abnormal 
conditions in a reliable and predictable manner." 

Two things seem evident from the preceding discussion. The first 
is that the issue of "balance," and a relationship between 
balance and defense in depth, had already been identified. The 
second is that the writers considered the "first line of defense" 
as described by Clifford Beck to be one element of defense in 
depth. 
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ECCS Hearings, 1971 

The third historical document of interest is the testimony of the 
AEC Regulatory Staff at the Public Rulemaking Hearings on Interim 
Acceptance Criteria for Emergency Core Cooling Systems for Light
Water Power Reactors, issued December 28, 1971. The introduction 
to this document includes a subsection titled "Defense in Depth." 
The testimony states, 

"The safety goal, therefore, is the prevention of 
exposure of people to this radioactivity. This goal 
can be achieved with a high degree of assurance, though 
not perfectly, by use of the concept of defense in 
depth. The principal defense is through the prevention 
of accidents. All structures, systems, and components 
important to safety must be designed, built, and 
operated so that the probability of an accident 
occurring is very small. The keys to achievement of 
this objective are quality and quality assurance, 
independently and concurrently. The work must be done 
well and then checked well, in order for the chance for 
errors and flaws to be reduced to an acceptable level. 

However, excellent the design and execution, and 
however comprehensive the quality assurance, they must 
be acknowledged to be imperfect. As a second line of 
defense, protective systems are provided to take 
corrective actions as required should deviations from 
expected behavior occur, despite all that is done to 
prevent them. The protective systems include redundant 
elements, provision for periodic in-service testing, 
and other features to enhance performance and 
reliability. 

Yet another defense - the third line - is provided by 
installing engineered safety features to mitigate the 
consequences of postulated serious accidents, in spite 
of the fact that these accidents are highly unlikely 
because of the first two lines of defense. Analogously 
to protective systems, engineered safety features are 
furnished with redundant elements, separate sources of 
energy and fluids, protection against natural phenomena 
and manmade accidents, and other similar elements to 
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ensure their correct functioning in the unlikely event 
they are called upon. 

The three separate lines of the defense in depth 
provided for power reactors are considered appropriate 
to reduce to an acceptable value the probability and 
potential consequences of radioactive releases. 
Extensive and comprehensive quality assurance programs 
are required and used to assure the integrity of each 
line of defense and to maintain the different lines as 
nearly independent as practicable." 

The same introductory section includes a subsection titled 
"Probability and Margins." That subsection states, 

" . the ECCS is part of the third line of defense, 
in the defense-in-depth concept used to ensure reactor 
safety. The design basis for ECCS is the postulated 
spectrum of LOCAs, for which the ECCS is required to 
provide protection for the public. This is consistent 
with defense-in-depth, and we believe the provision of 
such protection, with this design basis, to be proper." 

The subsection goes on to list conservatisms that the authors 
apparently consider to be an addition to, but not part of, 
defense-in-depth. 

"Further, the design of the ECCS is required to be 
adequate to provide this protection in spite of 
additional conservative assumptions such as non
availability of offsite power, single failures of 
redundant components, and partial loss of cooling 
water. Still further, in evaluating the suitability of 
a site proposed for a light-water power reactor, the 
AEC requires and analysis to be made of the potential 
offsite effects of a postulated LOCA. Additional 
elements of conservatism are included in this analysis, 
including assumptions of high release fractions of 
fission products from the fuel, containment leakage 
continuously for 30 days, and unfavorable meteorology." 
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And in a subsection titled IIConclusions ll : 

II Quality in the design, manufacture, 
installation and operation of the primary system is a 
necessary part of the defense-in-depth. II 

In this document, the writers clearly equate the IIthree levels of 
lldefense discussed earlier by Beck, with IIdefense-in depth. II 

Beck made no such equation. They also appear to distinguish 
between IIdefense-in-depth ll and IImargin ll as reflected by 
conservatisms introduced in analyzing the consequences of 
accidents. 

WASH-1250, 1973 

Another document that was in development at the same time the 
above testimony was prepared is WASH-1250, liThe Safety of Nuclear 
Power Reactors (Light Water Cooled) and Related Facilities. II 
This document was completed in 1973. 

The first chapter, IIDescription of Light Water Reactor Power 
Plants and Related Facilities,lI states that IIWhile differences in 
detail exist among PWR plants and among BWR plants, the basic 
features of each type are much the same. All are massive and 
complex structures, designed and built to provide multiple 
barriers to the escape of radioactive material, from whatever 
cause, and to withstand the occurrences of natural forces . 
without compromising these barriers. II The term IIdefense-in
depth ll is not introduced at that point. 

Chapter 2, titled IIBasic Philosophy and Practices for Assuring 
Safety, II states that lithe basic philosophy underlying the AEC 
Rules of Procedure and Regulatory Standards, and underlying 
industrial practices. . is frequently called a 'defense in 
depth' philosophy.1I The discussion goes on to note that 
IIPrevious mention has been made of the use of multiple barriers 
against the escape of radioactivity . Of equal importance, 
however, is the need to assure that these barriers will not be 
jeopardized by off-normal occurrences . In this regard, the 
industry strives to protect the plant, the plant operators, and 
the health and safety of the public by application of a IIdefense 
in depth ll design philosophy, as required within the variation 
allowed by the regulatory envelope of rules, procedures, criteria 
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and standards. A convenient method of describing this "defense 
in depth" is to discuss it in the broader concept of three levels 
of safety." 

Thus, the authors draw a distinction between multiple barriers 
against the release of fission products and defense in depth, by 
associating the latter term with protection of the barriers 
against off-normal occurrences. The discussion then goes on to 
say that defense in depth can be conveniently described by 
discussing it in the broader concept of "three levels of safety." 
Those three levels are then described as: (1) design for 
unquestionable safety in normal operation, (2) assume incidents 
will occur and provide safety systems accordingly, and (3) 
provide additional safety systems to protect against hypothetical 
accidents where level two safety systems are assumed to fail. 
These three levels of safety clearly equate to the three lines of 
defense described by Clifford Beck in his 1967 paper. Also like 
Beck, the term "defense in depth" is not associated directly with 
those levels of safety. There are differences, however. While 
Beck treats defense in depth as a subsidiary element of the first 
line of defense, and cites the four fission product barriers as 
an example, WASH-1250 treats defense in depth as the things that 
are done to protect the barriers, rather than the barriers 
themselves. The Internal Study Group, on the other hand, equates 
defense in depth with the lines of defense (Becks's term) or 
levels of safety (WASH-1250 term). Similarly, the AEC staff 
testimony in the ECCS heariTI3S firmly equates defense in depth 
with the same "three lines of defense" described by Beck. 

Other Documents Examined 

One of the interesting aspects of the history of "defense in 
depth" is that it often does not appear where it logically might 
be expected. Title 10, as described earlier, is one example. I 
could find no occurrences of the term in the Statements of 
Consideration of 10 CFR 50 Appendix A, although it does occur in 
the SOC for the final rule on Disposal of High Level Radioactive 
Wastes in Geologic Repositories, 10 CFR 60 (48 FR 28194-28299) . 
It is interesting to note that both Appendix R and Part 60 were 
added to Title 10 at about the same time, early 1980s, and are 
thus relatively recent additions. 
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The occurrence, or more precisely the lack of occurrence, of 
"defense-in-depth " in other historical documents is equally 
interesting. David Okrent's history of light water reactor 
safety covers the time period from the early 1960's to 1977. As 
far as I could determine, the only appearance of the term is in a 
quotation from a 1977 document prepared by the United Kingdom's 
Nuclear Installation Inspectorate. That document, in describing 
generic pressurized water reactor safety issues, refers to the 
containment as "the last of a series of defenses in depth . " 
In Okrent's discussion of AEC and ACRS activities there are 
referenc~s to "several levels of safety," but the term defense in 
depth is not used. Similarly, the "Report of the Advisory Task 
Force on Power Reactor Emergency Cooling," the so-called Ergen 
Committee report, completed in 1967, does not use the term 
defense in depth. There is a discussion of the same three levels 
of safety discussed in Clifford Beck's paper, and later in WASH
1250, but "defense in depth" is not used. 

The term "defense in depth" appears ten times in the section of 
the Standard Review Plans on fire protection (Section 9.5.1) and 
only twice in the section on containments (Section 6.2). In the 
latter case it is simply used to describe the containment as the 
"final barrier in the defense in depth concept," in two different 
places. 

The term occurs in three Commission Policy Statements: the Final 
PRA Policy Statement, the Safety Goal Policy Statement and the 
Advanced Nuclear Power Plant Policy Statement. None of these 
documents offer a definition of defense in depth, except by 
example or implication. The implied definitions in all three 
policy statements are somewhat different, but not inconsistent 
with other historical examples. For example, the Commission 
Policy on Regulation of Advanced Reactors contains the following 
statement: "Among the attributes that could assist in 
establishing the acceptability or licensability of a proposed 
advanced reactor design. . are. [dJesigns that 
incorporate defense-in-depth philosophy by maintaining multiple 
barriers against radiation release, and by reducing the potential 
for and consequences of severe accidents." 

The Safety Goal Policy Statement aSQ0~laLes defense-in-depth with 
compensating for uncertainty in probabilistic analyses. The 
policy states, in part," . it is necessary that proper 
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attention be given not only to the range of uncertainty 
surrounding probabilistic estimates, but also to the 
phenomenology that most influences uncertainties. The 
results of sensitivity studies should be displayed showing, for 
example, the range of variation together with the underlying 
science or engineering assumptions that dominate this variation. 
[J]udgements can be made by the decisionmaker about the degree of 
confidence to be given to these estimates and assumptions. 
This defense in depth approach is expected to continue to ensure 
the protection of public health and safety." 

The PRA policy statement stipulates that the use of PRA 
technology should support the "NRC's traditional defense-in-depth 
philosophy." The policy statement recognizes that "complete 
reliance for safety cannot be placed on any single element of the 
design, maintenance, or operation of a nuclear power plant." The 
statement goes on to note that ". .PRA technology will continue 
to support the NRC's defense-in-depth philosophy by allowing 
quantification of the levels of protection and by helping to 
identify and address weaknesses or overly conservative regulatory 
requirements. "The policy statement specifically recognizes 
"the philosophy of a multiple-barrier approach against fission 
product release," and notes that such barrier principles are 
mandated by the Nuclear Waste Policy Act of 1982. 

10 CFR Part 60, Statements of Consideration 

As noted earlier, "defense in depth" does appear in the 
statements of Consideration for 10 CFR 60. In this case defense 
in depth appears to be defined in terms of multiple barriers (as 
much systematic as physical), and the concept of balance is 
introduced. Specifically, the SOC for the final rule 
(48 FR 28194-28299), contain the statement: "The Commission 
suggested that a course that would be "reasonable and practical" 
would be to adopt a "defense-in-depth" approach that would 
prescribe minimum performance standards for each of the major 
elements of the geologic repository, in addition to prescribing 
the EPA standard as a single overall performance standard. 
There was general acceptance of the Commission's multiple barrier 
rlDproach, with its identification o~ two major engineered 
barriers (waste package and underground facility) in addition to 
the natural barrier provided by the geologic setting." Later the 
SOC state "There is nothing inconsistent between the multiple 
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barrier, defense-in-depth approach and a unitary EPA standard
 
" The description here clearly includes the concept of
 

defense in depth as multiple barriers.
 

Post-TMI Definitions and Examples 

In approximately the same time frame that Part 60 was published, 
R.J. Breen, Deputy Director of EPRIls Nuclear Safety Analysis 
Center, published a paper titled "Defense in Depth Approach to 
Safety in Light of the Three Mile Island Accident (Nuclear 
Safety, Vol. 22, No.5, Sept.-Oct. 1981). Breen refers to 
defense in depth as a "concept," and states that ". . the 
principle of guarding against unwanted events by providing 
successive protective barriers is frequently called' "defense in 
depth." Breen acknowledges that there are various ways of 
describing the application of defense in depth, and then chooses 
a "fairly common three level description emphasizing functions," 
which he lists as: 

(1) Preventing initiation of incidents (conservative design 
margins, etc.) 
(2) Capability to detect and terminate incidents 
(3) Protecting the public. 

Breen then goes on to pose the question, to what extent can 
defense in depth be quantified? He appears to accept without 
question that one of the functions of PRA, when the technology is 
more fully developed, is to help quantify defense in depth. 
Until that time arrives, when confronted with a long list of 
possible safety enhancements, the problem is to determine which 
activities make the greatest contribution to safety. He mentions 
that NRC used a point system in NUREG-660, and then goes on to 
describe a ranking system developed by NSAC and the Atomic 
Industrial Forum. The system was based on (1) the number Gf 
important accident sequences affected, (2) the likelihood that 
the specified action can be implemented and will reduce risk, 
(3) a downside assessment (hazards or risks that may result from 
implementing a proposed action), and (4) the time required to 
implement the proposed action. 

Two aspects of this paper are worthy of note relative to the 
questions currently being considered regarding defense in depth. 
The first is that Breen believed that defense in depth should be 
quantifiable. He saw PRA as one way of doing the quantification, 

•
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but he also identified alternatives that were available at the 
time. The second point is that Breen's definition of defense in 
depth was essentially the same as that used in WASH-1250, the 
1969 Internal Study Group report, and the AEC staff's testimony 
in the Interim Acceptance Criteria for Emergency Core Cooling 
Systems. 

Addressing Limitations 

Another paper that appeared about the same time as the Breen 
article mentioned above was one by Stan Kaplan, "Safety Goals and 
Related Questions," Reliability Engineering, 1982. Although the 
paper deals with "safety goals" as opposed to "defense in depth," 
I believe it states a principle that cannot be ignored when we 
are trying to determine what limits should be placed on 
requirements in the name of defense in depth. Kaplan argues that 
the question of "how safe is safe enough" can never be answered 
without consideration of all available alternatives, including 
the costs, benefits, and damages for each alternative. The 
essential point is that evaluation of a proposed safety 
requirement, in the name of defense in depth or some other high 
principle, ultimately must consider the question of cost. 

NUREG/CR-6042. Perspectives on Reactor Safety, 1994 

A recent summary of the history and application of defense in 
depth is contained in NUREG/CR-6042, "Perspectives on Reactor 
Safety," by F. E. Haskin (University of New Mexico) and 
A. L. Campbell (Sandia National Laboratory), 1994. The document 
describes a one week course in reactor safety concepts offered by 
the NRC Technical Training Center. It is significant in the 
context of examining the issue of defense in depth for two 
reasons. The first is that the authors, in developing their 
discussion of defense in depth and in coming to their 
conclusions, examined that same history that has been partially 
recounted here. The second is that it represents what is being 
taught to NRC employees regarding the definition and application 
of defense in depth. 

WJREG/CR-6042 introduces defense in depth by listing ". . the 
key elements of an overall safety strategy that began to emerge 
in the early 1950s and has become known as defense in depth." 
The key elements listed are accident prevention, safety systems, 
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containment, accident management, and siting and emergency plans. 
This picture of defense in depth is consistent with that 
described in WASH-1250 and other documents which considered 
defense in depth as "multiple levels of' safety." NUREG/CR-6042 
also associates defense in depth with multiple barriers or 
layers, as opposed to the systematic view just mentioned. The 
barriers identified, each with an associated function, are: 
ceramic fuel pellets, metal cladding, reactor vessel and piping, 
containment, exclusion area, low population zone and evacuation 
plan, and population center distance. 

INSAG -3, 1988 

Finally, in considering the history and definition of defense in 
depth, it is worth noting the description by the International 
Nuclear Safety Advisory Group in INSAG-3, "Basic Safety 
Principles for Nuclear Power Plants," IAEA, 1988. INSAG-3 
states, "All safety activities, whether organizational, 
behavioural or equipment related, are subject to layers of 
overlapping provisions, so that if a failure should occur it 
would be compensated for or corrected without causing harm to 
individuals or the public at large. This idea of multiple levels 
of protection is the central feature of defence in depth, and it 
is repeatedly used in the specific safety principles that 
follow. " 

The document then goes on to state the principle of defense in 
depth: "To compensate for potential human and mechanical 
failures, a defence in depth concept is implemented, centred on 
several levels of protection including successive barriers 
preventing the release of radioactive material to the 
environment. The concept includes protection of the barrier by 
averting damage to the plant and to the barriers themselves. It 
includes further measures to protect the public and the 
environment from harm in case these barriers are not fully 
effective." The preceding definition appears to be entirely 
consistent with what one might derive from the history recounted 
in this memorandum. 

Chairman Jackson has also recently provided her thoughts on 
defense in depth. In a July 22, 1997 talk at the MIT Nuclear 
Power Reactor Safety Course, she states, "The defense-in-depth 
concept should be viewed as complementary to risk-informed, 
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performance-based approaches, as opposed to a competitive 
process. Defense-in-depth is a design and operational 
concept that ensures that successive compensatory measures are 
incorporated td mitigate potential failures. The notion 
of Probabilistic Risk Assessment results being used to compromise 
the defense-in-depth concept is related to the issue of 
uncertainty (emphasis in original). The magnitude of a single 
number cannot be used to eliminate safety barriers without due 
consideration of uncertainty. Multiple barriers provide 
assurance against catastrophic events." 

Conclusions 

There are a number of conclusions and some inferences one can 
draw from the preceding historical perspective. While 
acknowledging that many of them already have been stated by other 
writers, I include them here for the sake of completeness. 

First, there is no "best" or "most acknowledged" definition for 
defense in depth. The closest one comes to a common definition 
is the "three levels of safety" described by a number of authors 
relative (primarily) to nuclear power plant design: (1) design, 
build and operate so the probability of an accident is small, 
(2) provide protection systems for unexpected behavior, 
(3) provide engineered safety features to mitigate consequences 
of postulated accidents. However, few writers firmly equate 
defense in depth with these three levels; rather these levels are 
used to set the context for discussing defense in depth. All the 
"definitions," discussions, and examples are similar, yet each 
is a little different. 

./ 

The concept of "multiple barriers" is frequently cited as an 
example or illustration of defense in depth. Most often, the 
reference is to the fission product barriers in a nuclear power 
plant: fuel matrix, clad, primary coolant system, and 
containment. Other examples are mentioned where the barriers are 
at least in part systematic as well as physical. 

Defense in depth is most often characterized as a concept, an 
approach, a philosophy, or a principle, and is most frequently 
defined by example. 
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None of the discussions, definitions or examples of defense in 
depth which were reviewed contained any element of limitation. 
Limits on what can be or should be demanded in the name of 
defense in depth were not mentioned. 

Distribution: 
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meeting the objectives of 10 CFR 26.10; 
r 
10. Threats of discrimination or 
strictive agreements which are 

v lations under NRC regulations su 
as 0 CFR 50.1(f). 

Severity Level IV-Violations 
inv ving for example: 

1. ncomplete or inaccurate 
Info ation of more than minor 
signi nee that is provided to th NRC 
but n amounting to a Severity veil. 
II. or I violation; 

2. In rmation that the NRC 
be kept Ya licensee and that I 
incompl te or Inaccurate and more 
than min r significance but n 
amounlin to a Severity Leve • D. or m 
violatior.; . 

3. An inellequate review 0 failure to 
review und. 10 CFR Part 2 or other 
procedural ~latiOnS aSl ated with 10 
CFR Part 21 Ith more tha minor 
IIfety slgnifi nce; 

4. Violation of the req rementl of 
Part 26 of mo~than mi r siRnificance; 

5. A failure t report s of licensed 
operators or sup rvlso pursuant to 10 
CFR 26.13; or 

8. Discriminati 
themselves. do no w 
Level mcategorize . 

Supplement vm-
Pnparedn.. • 

This supplemen p~vides examples 
of violations In ea ~the four severity 
levels as guiden in terminln the 
appropriate .eve ty Ie el for vio'ations 
in the area of e rgenc~reparedness. 
It should be no d that tations are not 
normally mad for violat ons involVing 
emergency p aredn..s ccurring 
during emerg ncyexereis s. However, 
where exerei es reveal (I) ttaining. 
procedural. r repetitive faNures for 
which co Ive actions hete not been 
talten, (II) overall conce~regarding 
the licen 's ebility to Impltl,nent its 
plan in a anner thet adequa Iy 
protects ublic health end II~ y. or (iiI) 
poor sel critiques of the licen '5 
exereis ,enforcement action y be 
approp ·ate. 

A. verity Level I-Violation 
invol n8 for example: 

In gene,.1 emergency. license 
failu to promptly (1) correctly cl lIily 
the ent. (2) malte required 
no lcations to responsible Fede,. 

e. and local agenci or (3) resp nd 
to • event (e.g actuel or 

J..,:::.::;,;;;:::L;2.:::::.:;;;;,;;;,;,;;;:;;;:;. 

t.ntial offslte consequences. actlv e 
.rgency response f.cUIU.., and 

ugment shift ..aff). 
B. Severity Level II-Violations 

Involving for example: 

IOFR42822
 
Published 1/18/.5
 
Eflectlve 1/11/.5
 

u•• of Probabilistic RI.k As....m.nt
 
Method. In NucI.r Regulatory
 
Actlvltle.: Final Policy Statem.nt
 

AGENCY: Nuclear Regulatory
 
Commission.
 
ACTION: Final policy ..atement.
 

-a auMMAAY: This statement prnenta the 

policy that the Nuclear Regulatory 
Commission (NRC) will follow in the 
use of probabilistic risk .....sment 
(PRA) methods in nuclear regulatory 
matters. The Commission beUeves that 
an ovel't11 poUcy on the use of PRA 
methods in.Duclear regulatory driti.. 
should be established 10 that the many 
potential appUcatioDi of PRA can be 
implemanted in • CODIistent and 
predictable maDDer that would promote 
reguletory stability and emcimcy. In 
addition. the ColDJDiuion beUev.. that 
the use ofPRA teclmolOl)' lnl\'"RC 
rvsulatory activities shoUld be increased 
to the extent supported by the stete-of· 
the-art in PRA methods and date and in 
• manner that complemente the NRC's 

september 29, 1195PS-AD-35 

5 



detlirmiDistic approach. The pertinent 
commenta received from the publiahed 
draft policy ltatement are renected in 
this fiDa1 pollcy ltatement. Thia pollcy 
ltatement will be lmplemented through 
the execution of the NRC'. PM 
Implementation PlaD. 
EFFECTIVI DATI: August 16, 1995. 
AQDAISII.: The propoaed policy 
atatement and the CODUDenta received 
may be examined at: NRC Public 
Document Room, 2120 L Street, NW. 
(Lower Lew!), WubiDgton, DC. 
'OR "'ATHER IN'ORMATION CONTACT: 
Anthony lUia, Oftlce of Nuclear Reactor 
Regulation, U.S. NudearResuJatory 
Commi..ion, Wuhingfon, IX: 20555. 
Telephone (301) 415-1075. 

IUPPUMlHTARY IHFONIATION: 

L BackpouDd.
 
Do Summary of PubUc eommeDti and NRC
 
. Retpoua. 

m. DetarmiDiJtic aDd ProbebUi.tic
 
ApproKbes to J8su.1atiOIL
 

IV. The ColDIUaloD Polley. 
V. AvallabUlty ofOacwDeDtL 

L Backpoowid 
The NRC has generally regulated the 

use of nuclear material based on 
deterininistic approaches. Deterministic 
approaches to regulation consider a set 
of Challenges to Safety and determine 
how those challenges should be 
mitigated. A probabilistic approach to 
regulation enhances and extends this 
traditional, determiDistic approach, by: 
(1) Allowing consideration of a broader 
set of potential challens- to safety, (2) 
providing a logical meana for 
prioritizing these challenges baaed on 
risk significance, and (3) allowina 
consicferation of a broader set of 
resou,rces to defend against these 
chall8Dg8l. 
, Until the accident at Three Mile 
bland (TMI) in 1979, the Atomic Energy 
Commiulon (now the NRC), only used 
probabilistic criteria in certain 
specialized areu of licensing reviews. 
For example, human-made hazards (e.g., 
nearby hazardous materials and aircraft) 
and natural hazards (e.g., tornadoea, 
floods, and aa.rthquakes) were typically 
addreued in tenu of probabUistic 
ugumenta and initiatiDg frequ.nd.s to 
useu lite suitabUity. The Standard 
Review Plan (NUREG-OaOO) for 
licensing reactOl'llDd lODle of the 
Regulatory Gwcln suppOJ'tiDl ~ 
0800 provide4 review and evaluation 
guidance with respect to these· 
~babililticconaideratioDl.· 

The TMI·acddent .ubltlntially 
changed the character of the analysts of 
..vere accidenta worldwid•. It l.d to a 
substantial reaearch prosrun on severe 
accident phenomenology. In addition. 
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both major inv.Ugationa of the accident 
(the K.meny and Rogovin studies)' 
recommended that PM tec:hniqu81 be 
used more widely to augment the 
traditional nonprobabililtic methods of 
analyzing nuclear plant wety. In 1984, 
the NRC completed a study (~ 
1050) that addreued the state-of-the-art 
in risk analysis techniques. . 

In early 1991, the NRC published 
NURE~1150,"Severe Accident Riw: 
An ASlessment for Fiv. U.S. Nuclear 
Power Plants." In N'UREG-l150, the 
NRC used improved PM techniques to 
...... the risk uaociattd. with 8" 
nuclear power plant.. 1b.ia stud)' wu a 
signi8cant tuminJpoint.in theuae of 
risk-based concepta in the resulatory 
proceu and .natiled the Commiaion to 
greatly improve ita methods for 
assessing containment performance aft.r 
core damage and accid.nt progreuion. 
Th. m.thods dev.loped for and resulta 
from these studies provided a valuable 
foundation in quantitative rialr. 
techniques.. . 

PM methods have been applied 
successfully in several r8Iulatory 
activities and have proveO to be a 
valuable compl.m.nt to determini.tlc 
engineering afProaches. This 
application 0 PM represents an 
extension Ind .nhancem.nt of 
traditional regulation rath.r than a 
separate and diff.rent technology. 
Several recent Commillion policies or 
regulations have been based. in part, on 
PM methods and inslRhta. These 
includ. the Backfit Rur. (550.109, 
"Backfitting"). the Policy Statement on 
"Safety Goal. for the Operation of 
Nucleer PO)Y8r Planta," (51 FR 30028; 
August 21, 1988), the Commlulon'.. 
"Policy Statement on Severe Reactor 
Accid.nts Regarding Future Designs and 
Exilting Pienta" (50 FR 32138: Aupat 8, 
1985), and the Commillion's"Final 
Policy Statement on Technical 
Specific!itions Improv.ment for Nuclear 
Power R.actora" (58 FR 39132: July 22, 
1993). PM methods allo were used 
effectively during the anticipated 
transi.nt without ICftlI!l (ATWS) and 
station blackout (SBO) nllemaking, and 
supported the g.n.ric lau. 
prioritization and resolution proceu. 
Additional benefits have been found in 
the use of risk-based in.pection guid.. 
to focus NRC Inspector .ffortland make 
more efficient use of NRC inspection 
resources. Probabililtic analy... were 
extensIvely uaed in the development of 
the rec.ntly propoaed NI. chans. to 
reactor siting criteria in 10 CFR Part 100 
(59 FR 52255; October 17, 1994). The 
proposed rul. change invoked the use of 
a probablllltic approach to .stimat. the 
Safe Shutdown Earthquake'Ground 
Motion for a nuclear reactor .it•• instead 
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of the purely deterministic method 
currently .pecified in Appendix A to 10 
CFR Part 100. 

Currently, the NRC i. using PM 
techniques to assess the safety 
importance of operating reactor .vent. 
and i. u.ing these techniques as an 
Integral part of the desisn.C8rtification 
revl.w process for advanced reactor 
designs. In addition, the Individual 
Plant Examination (IPE) program and 
the Individual Plant Examination
.Extemal Events (IPEEE) program (an 
effort resulting from the impl.mentation 
of the Commiuion'. "Policy Statement 
on Severe Reactor Accidenta Regardins 
Future Designs and Exiating Planta") 
have resulte9 in commercial reactor 
licensees usmg risk-useument methods 
to identify any vulnerabilities needing 
attention. 

The Commiuion has been developing 
perfonnance assessment methods for 
low-l.vel and high-level waste since the 
mid·1970s and these activities 
intensified using perfonnance 
assessments techniques in the late 1980s 
and early 1990s. This hu involved the 
development of conceptual models and 
comput.r codes to mod.l the disposal of 
waste. Because waste-disposal systems 
are passive, certain analysis methods 
used for activ. systems in PM studies 
for pow.r r.actora had to be adapt.d to 
provIde scenario analysis for the 
perfonnanc. assessment of the potential 
geologic repository at Yucca Mountain, 
N.vada. In regard to high·level wast., 
the NRC staff participates in a variety of 
intemational activities (e.g., the 
PerfonnanC8 Assessment Advisory 
Group of the Organization for Economic 
Cooperation and Development, Nuclear 
Energy Agency) to ensure that 
consistent perfonnance assessment 
methods are used to the degree 
appropriate. 

Th. Commiulon beli.ves that an 
ov.rall policy on the use of PM In 
nuclear resulatory activities should be 
establi.hed .0 that the many potential 
applications of PRA methodology can be 
impl.mented in a consist.lit and 
predictable mann.r that promotes 
regulatory stability and .metency and 
enhances safety. In May 1994, the NRC 
staff forwarded a draft PM policy 
statement to the Advisory Committee on 
Reactor Safeguards (ACRS) for review 
and briefed ACRS on the wne lubject. 
On August 18, 1994, the NRC staff 
propoaed a PM policy Itatement to the 
COmmiuion in SECY-94-218. 
"Proposed Policy Statement on the Use 
ofProbabilistic Risk Asseument 
Method. In Nuclear Regulatory 
Activiti..... In that Commission raper, 
the staff proposed that an overal policy 
on the u.. of probabilistic risk 
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IIIIIIftllr1l (PRA) methode in Ducl.ar 
ftlUlltory lct1vitia abCNld be 
IItIbliabtd and that the \lit of PIA 
techDolOl)' ID NRC rtlUlatory 'act1riti•• 
abould be inCNued. Commentl from 
the ACRS ~ the policy ~ttment 
u dOCWDentitd,in I letter dattd May 11, 
18M. weN inc~rattd.CD Auault 11. 
18M, the iliff forwarded SECY-M-218, 
"'"?POled Aa.ncy.Wld. ' 
Impl.m,ntatfOD Plan lor Probabillltic 
Ria Aailliment (PM)." to the 
Commlilion. CD AUIUIt 30. 18M. the 
iliff diaculltd the PRA policy IlItement 
and the PM implementation plan In I 
public mtttina with tha Commlliion. 
On September 13 and October 4,1994. 
the StCrttary Illued two iliff 
JWqulrement. memor..nda (SRMI) 
providlDI Commiliion BUidance 
reslrdlnl the draft policy .tatem.nt. In 
th... SRM•• the Commillion direct.d 
the .taff to revlll the propoaed PM 
policy Itat.ment, pubU.li the poliey 
Itat.m.nt for public comment In tha 
Ftdtnilleailltr. and conduct a public 
workshop on the PM impl.m.ntation 
plan. 

A. dll'let.d by the Commillion. the 
iliff conduct.d a public workshop on 
Dtc:ember 2.1814. to diacull the PM 
Impl.mentaUon plan. Th. pUJ1lOll of 
tha worbhop wu to IDfoniI the public 
of NRC actlvlU.. relat.d to Increa.lnl 
the UII ofPM methode and technfqu.. 
in rqulatory .ppl1caUoDi and to rec:elv. 
public comm.nt. on th••e activiU••. 
Aft.r the .taff Incorporated the 
comm.nt. from the SRM., the propolld 
policy .tat.m.nt "UII ofProbablllaUc 
lU.k AIIt••mant M.thod.1n Nuclear 
ReBUlatory Activlti.... WI. publlab.d in 
the Fed.raillep.ter on December a. 
1994 (59 FR 633a9). Th. public 
comm.nt period .xplred on F.bruary 7. 
1995. 
U. SWftlDU')' ofPublic Commentl ad 
NIlC Iletpo..... 

In January and February 1895. the 
NRC receiv.d 17 l.tt.ra comm.nUng on 
the propolld poliey .tatem.nt on "U•.e 
of Probabill.tlc RI.1t A.....m.nt 
M.thod. in Nuclear Regulatory
ActivIU..... Th... comm.nt. WIre from 
the followlnl 0rsanlzeUon.: Six 
utll1ti_PECO EnIJ1Y Company. 
Detroit Edl.on. WuhlnatoD, Publlc 
Pow.r Supply Syst.m. CarOllol Power 
and Ugbt Company. Vlrsinia POWIr 
Company. and Ceottrior Entl1D': three 
Stlt. regulatory ...nd.t-Stata of 
Illinois Departm.nt of Nuclear Saf.ty. 
State of N.w J.l"IIy Dtpertm.nt of 
Envlronm.ntal Protection, State of 
N.vada Alency for Nuclear Proj.CtI; 
two InduS1ry groups-Nucl.ar EnellY 
InaUtute and WesUnghouse Own.ra 
Group: two engineering firml-PLG. 

Inc. and JCF Kalllr Enlln.ra, Jnc.: 
UniV'l'Ilty of californil It Lo. Anl.la.: 
Ohio Citizen. For Re.ponalbl. En~; 
Wlnlton and Strawn, Counlll to the 
NucJ~ Utility Back8ttina and Reform 
Group: and the Department ofEnIJ1Y. 
Copl.. of the lattal'l may be examIn.d 
It the NRC Public Doc:umtnt Room It 
2120 LStrttt., NW. (Lower Lev,l). 
WubiDaton. DC. 
Gen,raJ Comm,ntl 

Twelv, ~,ntll'l ,xpUdtly 
.upported the butc t.n.t of the policy 
to lncrHlI the UII ofPM technology In 
NRC'.regulltOlY Ictiviti,•. Th. oth.r 
commenten did not o~ject to lb. policy 
ill_lOt but provided 
NCODUDendations for the NRC to modify 
and improve the policy ttattmant and! 
or the PM impl.mantation plan. Five 
comm.ntera indicated that they ......d 
with the NEJ commentl on the propOlld 
PM policy .tatement. The NIlC .taff 
hu reviewed the commentl and 
.ummarized them in the following 
area•. Th••taff raponll to the 
commentl are alao IDclud.d ID thl. ftoal 
policy .tatement. 
U.e 01 PM in lIe,ulatory Deci.ion. 

Several commentl dealt with the 
leope of the PM Ippllcations (where 
can PM be uaed) and the . 
1mplementation of the ,policy IlItement 
(how can PM be uaed).

One commenter felt that neither the 
policy .tatem.nt nor the PM . 
Implementation plan provided 
conal.tent dec:l.lon criteria for accepUns
PM multi u part of the juatUlcaUon 
for llcenlln8 decl.lon•. The commenter 
wa. CODcen:aed that the abort term .ffect 
ofth. polley IlItement,would likely be 
an increutd burdlD on lbe licensee•. 
For thelon8 term. the commenttr 
recommended ••ystamatic review of 
the rul.. and l"IIuJation. to Identify 
opportunlti.. for el1miDation of 
WU1ICI.aary resuJations. Tha propoaed 
policy atatem.nt dirlet.d thil ltaft'to uIt 
PM and allOclated maly.... where 
appropriate. a. part of the Juatification 
for IIcensins ded.lona. The PM 
Implementation plan dllCribe. how the 
.lated policy I. to be implemented. 
Appropriate decilion crit.ria will be 
d.v.loped and document.d u part or' 
the PM Impl.m.ntation plan. The 
Commlll1on hat already performed a 
.y.tamltic review of the many ,current 
rul.. and reaulatioDi to Identify 
opportunlti.. for the ellminaUon of 
unnlCluary resuJaUona.ln 1993. the 
NRC ..tablllhed the RtsuJatory Review 
Group (RRG) to conduct a Itruetunld 
revi.w of pow.r reactor reBUlation. ~th 
.peclal aUenUon on the opportunity to
reduce unnece.l8ry regulatory burden•. 
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Th. RRG recomm.ndaUon. to reduce 
th'l'IIulatory burd.n Includ.d the
.uge.tlon to UII more ri.k·based 
Ipproach.. 1D qUllity lIIurance. 
Inllrvice lD.pectloD and tlltin8, and the 
concept of I PM plan. The RRG 
recommendatioDt"w.re dOCWDented In 
SECY-H-003. To better focu. lbe 
NRC'. effort on the PIA relatad 
letlvlU.. recommended by the IRG. the 
PM Worklna Group. aDd the Rtgulatory 
Analysl. Stllrlna Group, the PM 
Implementation p~ wu dev.loped In 
1994. Th.lmpl.mentation plan 
Included a tuk to dev.lop auld.lIne. 
for determining when It I. practical to 
UII PM technolOS)' and re.ult. in 
regul.tory actlvlU••. The NRC ha. had 
diIeUl.lon. with voluntttr llean.". 
reludlns the pilot application. of ri.k· 
balld resulatory InitiaUv••. Re.ult. 
from the pilot application. will be 
incorporated in the NIlC'.BUldance for 
PM application. ID resulatory 
aetMtie•. A number of current 
reBUlatory requlremantl are belnl 
con.ldered u part of the PM 
implementaUon plan to determine If 
altemaUve rIIk·bued approache. are 
practical. Over time. the Commi••lon 
would expect lOme ltrtamUninl and 
refocu.ing of itl rul.. and regulation. a. 
part of thi. procel•. The Commi.sion 
hu impl.mented a contiDutns 
relulatory improvement program which
I. re.pontlve to the comment.r'. 
recomm.ndatlon of a .ylt.matic 
examination of mlJ1lnal ,.watery
requiremente. 

Another Comment.r recommended 
that the policy .tat.ment be amended to 
.tote that when bocltfltUn8 analy... are 
performed, mean riak Jevel. be the 
exclu.lve ba.l. of re8ulatory ded.lon
making when comparilOD. are made 
'Pln.t the S1000/peraon·rem critarion. 
The Commlilioo does '":It feel thl. 
policy Itatement ntt"_ 40 addrtl. the 
lllua regardlns the uae of mean riak 
l.v.l a. the axCluliv. bull for applying 
the S1000/perlOn-rem criterion because 
the Commllli'DD·• ..rety 8011 policy 
atatement hu already .poken to the use 
of mean value. of riak In connection 
with the colt·benefit analyae., 
Furthermore, thl.lllue I. addre.sed In 
the proeo18d Revl.lon 2 or NUREG/BR
0058, "Ke8uJatory Analy.l. Guidelines 
oftha U. S. Nuclear Reaulatory 
Commlllion. Draft Report for 
Comment... TbI. cOIDJD.nter allO 
recommend.d that the policy IlItement 
Ihould dll'Iet th••taff to uae the 
relevant plant .p.clfle PM in use.slng 
the n"d for any backfttUng action at 
that plant. For seneric backfits, this
commenter recommended that the 
policy .hould allow !leennes to take 
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aedit for plant specific infonnation to 
justify relief from NRC imposed action. 
The Commission believes that the use of 
the plant spedfic PRA in the backfit 
analysis to evaluate whether there is a 
substantial increase in the overall 
protection or ~o lustify relief from NRC 
imposed action is acceptable when 
combined with other relevant 
determlnisUc cons1deraUoDl, a 
appropriate. 

Reg8rdtng the use of safety goals, one 
commenter recommended retention of 
the1aDJtuage in SECY'""'94-218 to effect 
that safety goals could be used in 
granting relief from unnecessary 
requirements. Another commenter 
recommended that the safety goals 
should be used u a minimum goal. 
rather than the maximum level of safety. 
As stated in the proposed PM policy 
statement published on December 8. 
t 994, the Commission's ssfety goals are 
"., • • intended to be generically 
applied by the NRC u opposed to plant 
specific applications," and ". • • to be 
used with appropriate consideration of 
uncertainties in making regulatory 
judgements in the context ofbackfitting 
new generic requirements on nuclear 
power plant licerll88s." In the Staff 
Requirement Memorandum (SRM) dated 
June 15, 1990, regarding the 
implementation of safety goala, the 
CommiSiion directed that "Safety goals 
are to be used ,in a more generic sel1l8 
and not to make 1l)8C16c liceDling 
decisiolU," Therefore, at th1a time, the 
NRC would uae the safety goals in 
,making regulatory decisions regarding 
backfitting new generic requirements 
but not to make specific licensing 
decisions inclucllilg granting relief from 
unnece8Ar)' requirements. Any changes 
to the safety goal poliey are outside the 

.scope of the PM poliey ,tatement and 
woUld. therefore. need to be pumaed 
independently, 

Referring to paragraphs 1 and 2 of the 
propnsed poliCy statement, a comr 1tar 
suggelted that it should include the 
application.to NRC enforcement 
decilions, including the'severity'levels. 
As DOted in ~1525,,"Assessment 
of the NRC Enf~ent Program," the 
CommiSiiondoes not support defbiing 
severity level, using PRA results. The 
NRC's buis for severity level 
categorization clearly is safety 
significance. In judging safety 
signi8~ce. the NRC coDliden (1) 
Actual COD88qU8DCeI, (2) potential 
conseque~ces, and (3) regulatory 
signifi~ce. It la reeopiZecl that PRA 
results may be helpfufto provide risk 
insights on the likelihood and 
significance of potential consequences. 
The NRC plana to continue to consider 
the UI8 of PRA results where relevant as 
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part of the integrated process 
considering all facets surrounding the 
violation in support of enforcement 
decisions. 

Several commenters discussed the 
role of PRA in redUcing the unnecessary 
conservatisms in regulatiODl and to 
support additional regulatory 
requirements. One commenter', concem 
was that the proposed polley Itatement 
appeared to be biued in the direction of 
using PRA to support deregulation. . 
Another commenter was concerned 
with the implication that PM could 
result in an additional layer of 
regulation. The policy ltatemenl 
addressed the need to remove 
unnece8Ar)' conservaUIJD uaoclated 
with regulatory requirements. It lallot 
the Commission', intent to.replace 
tradiQonal defen...in~epth concepts 
with PRA, but rather to exploit the use 
of PRA insights to further understand 
the risk and improve risk-effective 
safety decision-mU!ng in nigulatory 
matters. In doing so. the Commission is 
focusing its attention and resowc:e 
allocation to area of aue safety 
significance. Where appropriate, PRA 
should be used to aupport additional 
regulatory requirements. according to 10 
CF~ 50.109 (Sackflt Rule). 

One commenter recommended that 
the polley statement should explicitly 
state that the use ofPRA by licensees in 
regulatory matters is at the disaetion of 
each licensee. The commenter also 
believed that the NRC should not , 
prescribe how and when PRA methods 
should be used by llcensees in 
regulatory matters. but should addresa 
the potential impact the axpanded UI8 

of PRA may have on nplatory 
interacUoDl with UCIIIlIlIK The 
Commission', PRA poliey ltatement i' 
intended only to encourage the NRC 
staff and industry to use probabililtic 
risk assessment method' inregu.latorj 
mattera. It is not intended to preacribe 
or require any of the many potential 
PRA applications. Any requirements for 
licensees to perform PRA analYI8I 
would be expected to occur through 
fonnal rulemaking. 

One commenter's concern was that 
thenl'was a wide range of applications 
for which PRA was being applied 
without consilteney and ltandarda. This 
commenter urged the NRC to insiIt on 
quality PRAs commensurate with the 
intended applicationa and to develop 
standards which require rigorous and 
living PRAs by regulation for nuclear 
power plant eppUcatioDJ. The ' 
commenter allo queltioned whether the 
PRA analyaes for the IPE may be used 
for other applicationa becaU18 of alack 
of PR!. standarda. AnOther commenter 
expreued the concern that Itriet 
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confonnance to detailed PRA standardli 
would nol be desirable, ond 
recommended thot nexibllity in PRA 
models should be allowed. The 
Commission issued Generic Letter (el) 
88-20 with the primary ~urpose of 
generating IPEs to identify severe 
accident vulnerabilities. The PRAs 
which aupported the 1PE efforts may be 
useful for other applications, however. 
this would have to be evaluated on a 
case-by-ease basis under well-defined 
objectives. After the Commission 
briefing on the IPE program, the 
Commission recognized, a stated in the 
SRM dated April 28, 1995, that current 
industry lPE results do not provide a 
complete buis for supporting rislt-based 
regulatory decision-niUing. The SRM 
suggelted that ". • • the industry 

, should. in coordination with the staff. 
initiate the actions necessary to develop 
PRAs that are acceptable for risk·based. 
regulatory use (I.e., standardized 
methods. assumptions. level of detail)," 
The industry is encouraged 10 formulate 
a general approach for perfonning PRAs 
acceptable for regulatory use. This 
approach should include gUidance on 
standardiZing approaches for use of PRA 
techniques for specific applications. 
narrowing some of the variability in the 
IPE results, and strengthening its 
usefulness in the regulatory and safety 
decision-making process. The 
Commission is currently considering the 
quality level and scope of assessment 
necessary to justify use of specific PRAs 
for specific regulatory applications. The 
Commission will require PRA quality 
commensurate witb tbe proposed 
application. 

PM Methodology 
One commenter agreed with the NRC 

that the probabilistic approach should 
be used to complement the 
deterministic approach and that PRA 
nwnbera alone should not be u~gd to 
make regulatory decisions. Tl.~ 
commenter also believed that 
uncertainties should not prevent or 
delay the implementation ofPRA in 
regulatory activities. The Commission 
understands that uncertainties exist in 
any regulatory approach. These 
uncertainties are derived from 
knowledge limitations that are not 
created.by PRA. but are often exposed 
by it. The PRA implementation plan has 
provided a framework to assess the 
significance of potential uncertainties 
and to develop a strategy to 
accommodate them in the regulatory 
P"!C8SI. 

One commenter stated that
 
probabilistic analysis is simply an
 
extenaion of detenninistic analysis.
 
They are not separate and distinctive
 



concepts. The Commission agrees with 
this concept as the proposed policy 
ltatement ltated that "The probabilistic 
approach to regulation ia, therefore, 
conaidered In menaion and 
enhancement of traditional regulation 
by considering risk in a more coherent 
and c;omplete manner." The 
Commission belJeves tliat the PM 
method plays a complementary role in 
relationShip to the deterministic 
method. This was reflected in the policy 
statement that "Deterministic-ball8d 
regulations bavw been successful in 
protecting the public health and safety 
and PM techniques are most valuable 
when they serve to focus the traditional, 
deterministic-based, regulationa and 
support the defense-inodepth 
philosophy." 

One.commenter recommended that 
the most efficient use of NRC resources 

.should be to enhance or improve the 
existing methods, but not to develop 
new ones. The Commission's principal 
focus will be on·improving the existing 
methods, but some new methods 
development may also be useful. 

Another commenter recommended 
that the PM policy statement should 
seek a uniform and standard application 
of PM within the NRC, and begin with 
a commitment to enaUnt that PRA ia 
used consistently and is not igncned 
when required by those unfamiliar or 
reluctant to apply it. The Commisaioo's 
PAA policy statement specifically 
emptiasizes the need for consistent and 
predictable application of PAA within 
the Commission to promote regulatory 
stability lP1d emciency. The 
Commission beUeves that this goal can 
be achieved through theimplementaUon 
plan which will ensure that the 
appropriate use of PRA is implemented 
by the staff. 

Schedule 01PM IIctivities 
Two letters commented thet the 

activities discussed in the PRA 
implementation plan appeared to be on 
a protracted acbedule and 
recommended that priority and ursency 
be stressed and renected in the plan, 
including the use of PRA and PM 
insights in the near term. The 
Commission's PRA implementation 
plan showed the tarset completion dates 
for all thetuks. The Commission fully 
realizes the need for near term PRA 
applications and hu included them in 
the implementation plan wherever 
possible. These milestones include 
examples such as pilot a:rplications for 
risk-based initiatives an transfer of !PEt 
insights to NRC staff members for use in 
regulatory matters in the near term. The 
Commission plans to periodically 
review the progress of the "living" PRA 
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implementation plan and, as 
appropriate, to adjust the priorities. 

One letter commented that the NRC 
review and approvel or licensing actions 
that are based on PRA insights should 
not be contingent upon the schedule for 
implementation of the plan. The plan 
should not be an impediment to moving 
forward toward the goals outlined in the 
policy statement. The Commission's 
implementation plan had been 
developed to effectively and 
expeditiously establish a &amework for 
increasing the use of PRA technology 
inside the Commission. Since it is a 
"living" plan, 'Dew tasks could be added 
and existing tub could be modified, as 
the plan progresses. The Commission 
agrees thol the plan should not be an 
impediment to moving forward to 
achieve the gOlls stated in the policy. 
The Commission welcomes risk-based 
regulatory initiatives from the industry 
IS the plan is being carried out and will 
adjust resowces, ~~ropriate. 

One commenter now the NRC 
will propose to control the utilities' 
application of PAA and the timeframe to 
implement the consistent use of PAA 
within the NRC. The Commission's PM 
implementation plan describes the 
activities and schedule to effect a 
coherent andconaistent PRA 
application within the agency. As the 
plan fa implemented, the NRC exJ)8Cts 
to interact with licensees and publish 
guideUnes for the application of PAA in 
their submittal to the NRC. 

PM Trainins 
Two commenters advocated PRA 

treining for appropriate NRC and 
licensee staff as lOOn u possible to 
ensure proper application of PAA in 
regulatory matters. A PRA training 
program has been in place for the NRC 
staff for a number or years. As part of 
the PAA implementation plan, the 
existing training propam is being 
enhanc8ci. The existing PRA training 
cwTiculum serves u the basi' on which 
to build a more comprehensive staff 
PM training propam. Six new COUI'HS 
have been incorporated in the training 
program to address the short tmn needs 
from the increasing use of PRA in 
regulatory activities. As a ....ult of the 
PRA implementation plan, the number 
of NRC staff participating In the training 
program has increased significantly 
during the first half of fiscal ~ 1995. 

One commenter recommended that 
NRC's PM training should be extended 
to State agencies that can lustily 
attendance. Historically, attendance at 
NRC courses has been routinely 
available on a spaee-available, no-cost 
basis to Stete personnel as well as for 
other non-NRC personnel (such as 
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foreign regulators, EPA, OOE. and other 
Federal personnel). This has included 
treining in the PAA area for a limited 
number of Stote regulators. In courses 
thot were under-subscribed by NRC 
personnel. many had suffiCient available 
space to allow acceptance of outside 
personnel. Logistics for these 
arrangements are handled by the NRC 
office responsible for interactions with 
the outside group (i.e., Office of State 
Programs for States or Office of 
International Programs for foreign 
personnel). NRC training currently is 
not available to NRC licen..... BecaU18 
of recent budgetary constraints, as 
described in SJ;CY-9~17 
"Reinventing NRC Fee Policies," full 
cost reimbursements rrom States for 
NRC training is expected in future yean. 
However. NRC will continue its space
available policy for all courses, 
including PRA courses. 

Data CoJIection 
Severalcommenters expressed 

concems about the potential data 
colledion implications of the proposed 
PAA policy. They are summarized as 
follows: 

One commenter stated that the desire 
to collect detailed data related to 
equipment and human reliability should 
not prohibit the U18 of PAA for 
applications or support ror decision
mUing. The collection of plant-specffic 
data must be commenaill8te with the 
benefit that specific information miaht 
have on the quality or insight from the 
PM. Plant-specific information may not 
be statisticaUy significant. Furthermore, 
requiring all plants to collect the same 
information without a focus based on 
plant perfonnance, fa coUnter to the 
concept behind the Maintenance Rule. 

Another commenter stated that the 
discussion of uncertainties in Part D.(B) 
of the proposed policy statement is 
appropriate. However, in the 
implementation of this part ofthe 
policy, care must be exercl18d to 
restrain from reqUiring or implying the 
need for massive plant-specific 
component level faUure rate data 
collection programs. Several 
commenters expressed concerns that a 
new or expanded nuclear power plant 
experience data collection nl1emaking 
could further burdan the licen... and 
the resulting benefit may well be 
~inal. 

The Commission 8p'8II that it should 
make every effort to avoid any 
L.-mecesaary regulatory burdens in 
connection with coUecting reliability 
and availability data. Specific commants 
on the types of data that should or 
should not be collected will be 
addreased in connection with proposed 
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d.t. coll.ctlon requirements wh.n th.y 
are pubU.h.d for commant. 
Radiation Medic/ne 

On. comm.ntlr Ncomm.nded th.t 
NRC .hould abandon the UN of the 
lIn••r hypothal. In uumatin8 
r.elIation·lnduced CIIlCll' aDd mutation 
rI.k. Th. ccimmanter furth.r.tated that 
the NRC'. PM implem.ntation plan 
ref.ra to rilk lDIlylia to aDaly.. nuclear 
meclJcald.'ric. aDd that,"· • • then 
Il't no nuc1ear'lDId1c1n. dlYic:ea that 
have riak to bt ::~ltd.~, 

Tht IntemaU CommllllOD • 
RaellaUots Protee:t1OD, the UDitld 
NaUoDi SdmU8c Comm1tttt on the 
EfftCtI of Atomic Rad1adOD, IDCl the 
National Academy of ScimCII' 
Commltt•• OIl the 81010licai B&c:ta ot 
IonJzin& Rad1ation btllev. that, In the 
ab..net of conYlndllllYid.net that 
th.... I•• do.. threahold or that low 
l.v.l. of rad1aUon IN btneftdl1, the 
...umption. resardin.a linear 
nonthreahold doeHfftct model for 
eincira and l.ntUc .fftCtI aDd the 
.xi.t.nee of threshold. only for e:trtain 
nonatocha.tlc .frtctI remain approprlat. 
for formulatlnl nd1aUon prottetJon 
.tandard•. NRC follow. th.lr Iwd.lIn••, 
Although .om. d.ta auatlt the po••lbl. 
u.. of oth.r mod.la, thert IN .tlll many
acl.ntl.t. who btUtvt thert IN 
In.umcJ.nt data to deviate from the 
"Un.u" hypath...Th.lllu. of 
reaUam Involved In contlnWnI the UN 
ofth. "lIn.ar" hwoth..ia I••xpect.d to 
be • matter of d.1:l&t. over the comIn8 
yean.

Th. NRC Np1atn radiation 
medldn., whJch lnc1udu both nucl.ar 
medlcin. and rad1atlon oncolOlY. Th. 
Int.nt of the poliey ltattmmt 
conetrnJns medical appl1caUoDiIi to 
ref.r to mldical dmcu contalnlna 
byproduct material, In puticular, ihOM 
UNd In radlatiOD oncoI~, Th. t.rm 
"nuclear medical deviet ' wu reviaed In 
the recent ItaNi update on the PM 
Impl.m.ntatlon plan (SICY-I5-079) 
and clarUled In the polley ltatement. 
NuclftU WCIIte 

On. commenter l'ICOIIUD.nded th.t 
the NRC ~d Ita UN ofPRA to other 
areu .uch •• radlolostcal do.. 
UltlllDeDt durln8th••u, 
decomminfonJn8 proetta. Th. NRC 
Inttnda to conald.r ~on of PM 
tec1mlqu•• into adc:UtiOnal ana. with 
the provtlO thar the application of thtIt 
ttehnJqu•• to theIe f&cllitl.. ahou.ld be 
ttmpeNd acCordinl to the compl.xity of 
the ClI.poul aystem, Ita unetrtalDtitI 
aDd the ••t1mated 1lIk. 

One commater provided eommenta 
on Mveral upecti.of th., propoMd 
polley ltatemmt 1D the ~Uc1iu wute 
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INt. Raprdlq the ICOpe of the polley 
Itlt.ment, the COmDlmter 
recomm.nd.d that the polley ltatement 
bt am.nded ,to include flu ailiumlDt 
appllcationa other thaD ~ I'Mct01'l. 
Th. CoDPftllllon ~With that , 
comment. Th. UN of PRA ahotild be 
con.ld.red for thoea appUcatiOftl that 
Involv. proJtctinll)'IttD,1 performanet 
for v~ Ions tim. ~odI, auch u 
hWlclrida or thouaanda of yean. Th. 
polley ltatlm.nt ltatid that the UN of 
PM tec1molOl1lhoJlld ~ InCl'lUld jn 
alll'llUlatory mattm. Another 
recommendation wu to t.mper the 
commitment to PIA. to MfltCt InhlJ'lDt 
rlak differencu uaoclated Witbd1fferent 
walta manapment facWU... BICIUN of 
lnhertnt dlffwtDetIl.n the rilU1aUona 
and practiCe. auoclatedwith the
lIcen.lnl of wilt. manapm.nt 
f.cJlIU••, the application ofperformanCt 
......m.nt (pM I. called performlDCt 
H •••ament for wut. m~.m.nt 
.y.t.m.) t.chniqu•• to th... f.ciUti•• 
,hould be temp.,.d accord1n1 to the 
complax1ty of the c1lapoul.yat.m, 
uncertalnti•• llUTQ\UuUq tli. ayattm 
p.rform.nce, and th_ ••tlmat.d riak. 
Th. Commlllion 1110 ..,... with the 
comm.nta resardJns WlClrtaintl•• In 
pro1tctin, I'Ipotltory performaDce and 
the u.. 0 teChnlcal.xp.rt judpl.nt In 
••••••IDI th... Wlc.rtalntl..,'t)ut feel. 
the PRA polley .tst.ment I. not the
appropriate forum to elI.CUII th... itern. 
•p,Pllc.bl. only to wa.t. manq.m.nt.

Regarding tli. ,ua••tion of dtlCriblns 
th_ re••onl for u.1DS the PM aDd the 
•pplicatlon of PM In I'IIUlat~ 
.ctIviti.., the Commlulon JDcluded the 
reuoDi for uains PM 111 SectIon mof 
the polley ltattment IDCl added a ' 
d~l:;;:t th.lmptCt of PRA on the 
Nl.to10 Ql'R Put 100 In the 
backsrc?und dJlcuuioa. 

Another commenttr .xprtlMd
concern that th.propoaed polley 
Itat.m.nt inappropriat.ly encourated 
the u.. of PM In the lletDl1nS ancr 
relul.tion of nuclear wute dJ.pou.I
f.cl1lU... Th. Commillioa d1aIpJet 
with thi. comment alnet PM 
technlqu•• are .cceptabl. In' a , 
perform.nce ultllDlent for the polOJlc 
repo.ltory, but IN only part ofib. 
requirements for • lienee. Th. 
comm.nter wu aleo coneemed that any 
n.w resulation. propoHd by the 
Environmental Protection Aleney (EPA) 
and the NRC'. 10 enPdt 80 for a hlah
l.vel w••t. (HLW) d11pou1 faciUty 
propOttd for Yucca Mountain will 
probably.cubit UN .of PItA for'thllt 
l.ciUti.. UN of Type I 'faulta at thl. 
Ilt., The CommIuIOil mtidpat. that 
both probabil1at1c and deterinInlItic 
huUd UII!IIDIat methodolop. will 
bt applied to u-a the .lpUIClDct of 
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f.ulting at Yucce Mountain, 
Furth.rmora, the Comml••lon do•• not 
Int.rpret 10 CFR Part 80 .0 •• to 
precIud. the u•• of PM u a bul. for 
Ueen.lns a propo..d repo.ltory .t Yucca 
Mount.ln. Th. comm.nt.r did not .gNt 
with NRC'. chanct.rizatlon of the wut. 
dl.poul .y.t.m a. pu.lv. and beU.ved 
that, .t thl. tim., th.re i. no .It.maUv. 
to the u.. of d.t.rmlnl.tlc technlqu•• 
for wut. dl.pOI.l appllcaUon beeau•• 
PM ttehn1qu•• ara in the embryonic 
,tap. Th. "Fault Trat Handbook" 
(NtJRBC-0492, January 1881) refm to 
"pllllve" u a"· • • mechani.m (,.S"
wire) whereby the output of on. 'active' 
compon.nt becom•• the Input to a 
ItCOftd 'activ.' compon.nt." "Paulv." 
I. pIlmUy UHd for "enlln.red" 
compon.nts th.t h.v. no movinl part., 
Sinet th.re are no ".nlln.red" 
compon.ntl that are ".ctlv." (or
cauaJnl motion in anoth.r .nglnttred 
compon.nt) In the po.t-elo.ure ph... of 
the pot.nU.l geologic repo.ltory at 
Yucca Mountain, t.Ii. NRC h•••ppll.d
the tradIUon.l·PM concept to the w••l. 
dl.poul .y.t.m and ref.rred to It a. a 
"pu.lve .y.t.m," Th. rem.nd.d 1985 
EPA Standard, 40 CFR 190. required. 
probablUlUc an.ly.l. for. I.ologlc 
repo.ltory. Th. NRC h•• d.v.lop.d thl. 
type of an.ly.i••lnc.1970 .nd ha• 
.tt.lned • ltat. of maturity for th••• 
.naly••• th.t I••ccepted by
Int.m.Uon.Uy-known organization• 
('.8., OrpnlzaUon for Economic 
Cooperation and Dev.loement (OECO)I 
Nuclear En.!'IY Agency (NEA))• 

A number of edItori.1 comm.nts w.re 
rtctlv.d on the roll of PM. In the 
lIeen.lnl ofwut. dl.poul facIUU••. 
Th. NRC baa incorporat.d the 
approprlat. comm.nt. In thl. fln.l PM 
poliey Itattm.nL 
m. DtttrmlD1ltic and ProbablllRic 
Approach. to lleplatlon 
(A) Extenlion and Enhancement of 
Traditional Regulation 

Th. NRC tltabllahed Ita regulatory
requlramtDta to enaun th.t a llcen..d 
faclUty I. dtli8J1ed, coutruct.d, and 
operated without undue ri.k to the
health and ufety of the public. Thes. 
requlremata IN larg.ly based on 
determlnlatic enl!neering crlt.ria.
Simply ltatte! thI. det.rmlnl.tic 
approach tltabliahn requlrem.nts for 
ensmeertna mustn and for quality 
Usu.rIDce In dealp, manu.l.ctun, and 
CODItNet1on.ln aocUtion, it allUm.. 
that advent concUtiona CaD axl.t (e.g.• 
eqwpmmt fallures and human .rro,.) 
aDd tltabUahtl ••ptclfic ..t of d••lsn
bui••ventl. It then requlrtt th.t the 
liCtDltd fadllty,dtllsn Includ. lllety 
1)'1t'1DI capabl. ofpreventInS .nd/or 
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mttlptiJ18 the consequences of those 
d..ign-buis events to protect the pubUc 
health and safety. 

The detenniniJtic approach contains 
implied elements of probability 
(qualitative ri.k consideration.), from . 
tile lelect10n of accidents to be analyzed 
.. design-basis accident. (e.g., reactor 
\'81181 rupture is considered too 
improbable to be Included) to the 
requirements for emergency core 
coo1ing (e.g., safety train redundancy 
and protection against .ingle fanure). 
The approach by the Commission for 
the use of performance assaSlment to 
implement its regulations for dl.posal of 
radioactive nuclear wa.te (10CFR Part 
80 lor high-level wute dl.posal and 10 
CFR Part 81 for low-level wa.te 
di.posal) al.o contain. impUed 
• lem.nts ofprobablUty. The result. of 
the nwnerous calculations obtained 
&om a performance .....sm.nt for a 
Biven performance measure and for a 
particular type of facility (e.g., a 
spectrum of values for ground-water 
trav.l time or individual do..) are 
.xpressed in terms of statistical 
distributions that expre.s the 
probability that a given measure of 
performance will be attained. When this 
distribution i. compared to the 
appropriate determini.tic .tandard in 
the Commission's regulations, the 
probability of not exceeding the 
standard can be obtained from the part 
of the distribution that falls below this 
.tandard. 

PM addreues a broad .pectrum of 
initiating events by a.sessing the event 
freQuency. Mitigating system reliability 
i. tDen assessed, including the potential 
lor multiple and common cause failures. 
The treatment therefore goes beyond the 
• ingle failure requirements in the 
deterministic approach. The 
probabilistic approach to regulation is. 
th.refore, con.id.red an .xt.nsion ar._ 
.nhancement of traditional regulation 
by. considering risk in a more coherent 
and complete manner. A natural result 
of the increased use of PM method. 
and techniques would be the focusing of 
regulation. on those item. most 
important to safety. Where appropriate. 
PM can be uled to eliminate 
unnecessary conservatism and to 
IUpport additional regulatory 
requirements. Deterministic-based 
regulations bave been succes.ful in 
protecting the public health and safety 
and PM technique. are most valuable 
when they serve to focus the traditional, 
detennini.tic-based, regulations and 
IUpport the defense-in-depth 
philosophy. In addition. PRA 
techniques are appropriately used when 
con.idering regulations defined in 
probabilistic t~nns. and for estimating 

safety of .ystems with very large 
uncertainties such as waste disposal 
systems (Note that PM is called 
performance useument for these wast. 
disposal systems). 

Beyond its deterministic criteria, the 
NRC hu formulated guidance, u in the 
safety goal policy statem.nt, that 
utilizes quantitative. probabilistic risk 
measures. The safety goal policy 
.tat.ment establishes top-level 
objectiv.s to h.lp usure saf. operation 
ofnuclaar power plants. The safety 
goals are intended to be appli.d 
pnerically and are not lor plant-.pecific 
applications. For the purpole of 
impl8lJ)entation of the safety goal., 
subsidiary num.rical obJectivea on co... 
damagl. irequency and containment 
performance have been established. Th• 
..fety gOlls provide guidance on where 
plant risk is sufficiently low that furth.r 
regulatory action i. not necessary. Al.o. 
as noted above. the Commi.sion has 
been using PM in perfonning 
regulatory analysis for the proposed 
backlit of cost-ben.ficial safety 
improvements at operating reactors (u 
required by 10 CFR 50.109) for a 
number of years. 

(Bl Uncertainties and Limitations 0/ 
Deterministic and Probabilistic 
Approaches 

The treatment of uncertainties is an 
important issue for regulatory decisions. 
Uncertainties exist in any regulatory 
approach and the.. uncertainties are 
derived from !mowledgelimitationa. 
These uncertainties and limitations 
exi.t.d during the development of 
deterministic regulations and attempts 
were made to accommodate these 
limitations by ImPOling preecriptiv•• 
and what wu hoped to be, conlervative 
regulatory requirements. A probabiliatic 
apprOlch has exposed lOme of these 
limitations and provided a framework to 
use" their significance and ...i.t in 
developing a strategy to accommodate 
th.m in the regulatory proceas. 

Human performaneco is an important 
consideration in both detenninistic and 
probabilistic approaches. Assessing the 
influence of errors of commiaaion and 
organizational and managem.nt i"u.s 
on human reliability is an example that 
illustrates where current PRA m.thodl 
are not fully d.veloped. Whil. this lack 
of knowledge contributes to the 
uncertainty in estimat.d risb, the PM 
framework off.rs a powerful tool for 
logically and sy.tematically evaluating 
the ..nsitiVity and importance to risk of 
thes. uncertainties. Improved PM 
techniques and models to address .rrors 
of commission and the influence of 
organizational factors on human 
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reliability are currently being 
developed. 

It is unportant to note that not all of 
the Commission's regulatory activities 
lend them..lves to a risk analysis 
approach that utilizes fault tree 
methods. In general. a fault tree method 
i. best .uited for power reactor .v.nts 
that typically involve complex sy.tems. 
Ev.nts usoclat.d with industrial and 
medical u.es of nuclear materials 
pnerally Involve a limple system. 
involve radiation overexpo.ure•• and 
reault from human error, not equipm.nt 
failure. Becausa of the characteriltics of 
medical and industrial events, u 
discuued above, analysis of these 
events uaing relativ.ly limple 
techniques can yield meaningful resultS. 
Power reactor .v.nts. how.ver, 
pnerally involve complex .ystem. and 
human interaction., can potentially 
involve more than one adverse 
consequence, and often result from 
equipment failures. Therefo.... power 
reactor event. can require greater use of 
more complex risk analysis techniques, 
.uch as fault tree analysis, to yield 
meaningful insights. PRA m.thodl need 
to be adapted for waste disposal syltema 
becau.. th.y are pusive .ystems 
subjected to interloc1dng natural and 
man-made processes and events that are 
dominated by complex phenomenology. 

Given the diuimilarit1es in the nature 
and consequences of the uae of nuclear 
mat.rials in reactors, industrial 
situations, waste disposal facilities, and 
medical applications, the Commission 
recognizes that a single approach for 
incorporating ri.k analyse. into the 
regulatory PI'OC8ll 11 not appropriate. 
However, PM m.thods and 1n.Iights 
will be broadly applied to ensure that 
the best u.. is made of available 
techniques to fost.r con.istency in NRC 
rialt-bued decilion-inaking. 

(el De/en.e-in-Depth Philosophy 
In the defenae-in-depth philosophy, 

the Commission recognizes that 
complete ...liancefor safety cannot be 
placed on any single elem.nt of the 
design, maintenance, or operation of a 
nuclear power plant. Thus, the 
expanded Ule of PM technology will 
continue to support the NRC's defeDle
in-depth philosophy by allowing 
quantification of the levels of protection 
and by helping to identify and address 
wew....s or overly conservative 
regulatory requirements applicable to 
the nuclear industry. Defense-in-depth 
I. a philosophy used by NRC to provide 
redundancy for fadliti.s with "active" 
safety .ysteIDS, e.g., a commercial 
nuclear power, II w.n u the 
philosophy of a multiple-banier 
approach against fission product 
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releases. Such bani.r principl.s are 
mandat.d by the Nucl8lJ' Waste Policy 
Act of 1982, which provid.s 
redundancy for a geologic repository to 
contain and i.olat. nuclear w.st. from 
the human .nvironm.nt. 

IV. Th. Commiuion PoUcy 
Although PM m.thods and 

infonn.tion have thus far been used 
.uccessfully in nucl8lJ' regul.tory 
.ctivities. th.re h.v. been concerns th.t 
PM method••re not con.i.tently 
appli.d throughout the ag.ncy, th.t 
suffici.nt .g.ncy PM/st.ti.tics 
.xp.rti.. i. not .vail.bl., .nd th.t the 
Commission i. not d.riving full ben.fit 
from the larg••g.ncy and indu.try 
inv.stm.nt in the d.v.loped risk 
......m.nt m.thods. Th.refore, the 
Commi"ion bellev•• th.t an ov.rall 
policy on the u.. of PM in nucl.ar 
regul.tory .ctivities .hould be 
establish.d so that the many pot.nti.l 

.•pplication. of PM can be 
~pl.m.ntedin • con.i.t.nt and 
predict.bl. manner th.t promotes 
regul.tory .tablllty .nd .mciency. Thi. 
policy .t.t.m.nt ..t. forth the 
Commi"lon'.lntention to .ncour.g. 
the use of PM and to expand the scope 
of PM .ppl1catioDi in .n nuclear 
NgUlatOI1 matt.n to the .xt.nt 
supported by the .tat..of·th..art in 
t.rDlI of m.thodl and data. 
Impl.m8lltation oftha policy ltatement 
will improve theregul.tory process in 
three areu: ForemOit. tluoulh safety
deci.ion making enhanced 1:Iy the use of 
PM insight.: through more .mdent u.. 
of .gency resource.: and throup a 
reducUon In unnec:euary burd.DI on 
licen..... 

Th.refore, the Comml"ion adopts the 
followinl policy stlt.m.nt rwsardlng the 
.xpanded NRC u.. of PM: 

(1) Th. use ofPM technology Mould 
be increued in all rwgulatory matten to 
the .xt.nt .upport.d by the stlt..of·th.. 
art in PM m.thods and data and in • 
mann!'r that complements the NRC'. 
detennini.tic approach and .upport. the 
NRC'. traditional def.nse-in-d.pth 
philo.ophy. 

(Z) PM and a..ociat.d analy..s (e.g.. 
..n.itivity .tudi••• unc.rtainty an.lyses. 
and importanc. m.uures) should be 
us.d In regulatory m.tten, wh.re 
practical within the bound. of the stote
of.th..art! to I'fIduc. unnecessary 
con..rvati.m a..ociat.d with current 
regulatory requirem.nts. regulatory 
guld••• lic.n.. commitm.nts••nd .t.ff 
practice•. Where appropriat•• PM 
should be uled to .upport the proposal 
fc~ ::..Iiitlonal resulatory requlrem.nts 
In accordance with 10 CFR 50.109 
(Backlit Rule). Appropri.te procedures 
for including PM in the process for 
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ch.nging regul.tory requlrem.nts 
.hould be d.v.loped and follow.d. It i., 
of COW'l8. und.mood that the intent of 
this policy is that .xistinS rules and 
regulationa shall be compU.d with 
unl... these rules and regulationa are 
revi..d. 

(3) PM ev.luations in .upport of 
regulatory decision. should be u 
realistic as practlcabl. and .ppropri.te 
supporting d.ta Mould be publicly 
.vailabl. for review. 

(4) The Commiuion'ssafety goal. for 
nuclear pow.r plants and sub.idiary 
numerical ob~tot1ive. are to be uled with 
appropriate consideration of 
uncertainties in making regul.tory 
judgm.nts on the need for proposing 
and backlftting n.w g.neric 
requirem.nt. on nucl••r pow.r plant 
Iicen..... 

Policy ImplicQtion. 

Th.re are ••verallmportant regul.tory 
or resource implications that foUow 
from the SOIl of increa..d use of PRA 
techniqu•• in regulatory .ctivities. First. 
the NRC staff, licen..... license 
.pplicant•• and Comml..lon must be 
prep.red to con.lder ch.ns•• to 
regulation•• to guidanc. docum.nts, to· 
the IIcen.ing proc..., and to the 
in.pection program. Second, the NRC 
.taff.nd Commission must be 
committ.d to ••hlft in the .pplicatlon 
ofresourals ov.r. period ofUm. bued 
on ri.k finding•. Third. the NRC staff 
must und.rtak. a training and 
developm.nt program. which may 
Includ. recruiting personn.l with PM 
exp.rience. to .ignificantly enh.nce the 
PM .xpertis. necessary to impl.ment 
th... go.ls. Additionally, the NRC staff 
must continue to d.v.lop n.w and 
improv.d PM m.thod. and regul.tory 
deci.lon·m.king tool. and must 
.ignlflcantly .nhance the collection of 
IQlIlpm.nt and human rell.bllity data 
fOt all of the .gency·. ri.k a.....m.nt 
application., Including tho•• u.odated 
with the usa. tran.port.tion. and storep 
ofnuc1ear materi.ls. Howev.r. it is 
recognized th.t th.re may be situatioDi 
with m.t.rial UHfI where It m.y not be 
cott-effectiv. to u.. PM in th.ir 
.pecific resu1atory applicatioDi. 

Thl. policy .tatement .mrms the 
Comml..ion·. b.U.f th.t PM methodl 
can be used to derive v.luable in.lghts, 
perspectiv•••nd g.nersl conclu.loDi •• 
a result of an integrated and 
comprehenslv••xamination of the 
design of nuclear faciliti.s. facility 
re.ponse to Initi.ting events, the 
expected Interaction. among facility 
•truetUI"ll••ystem., and components. 
and between the facility and its 
operating .t.ff. 
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The Commission .lso recognize•••nd 
encourages, continuation of industry 
initi.tiv•• to improve PM methods. 
applications and data collection to 
support mere.1ed use of PM 
techniquII in regulatory .cUvities. 

V. ATailabiUty orDoc:aments 

Copi.. of documents cited in this 
section are .vailabl. for in.p.cUon andl 
or for .reproduction for a fee in the NRC 
Publ1c Docwil.nt Room, 2120 L Street. 
NW. (Low.r Lev.l). Wuhington, DC 
20037. Copies of NUREGt dted in this 
document m.y be purchued from the 
Superintendent of Docum.nts, U.S. 
Government Printing Office. P.O. Box 
31082. Wubington. DC 20013-1082. 
Copies are .lso .vailable for purch... 
from the N.tional Technical Infonn.tion 
Service, 5285 Port Roy.l Road, 
Springfl.ld, VA 22181. 

In addition, copi•• of (1) SECY-94
218. "Proposed Policy Stat.m.nt on the 
U.. of Probabilistic Ri.k A.....m.nt 
M.thods in Nuclear Regulatory 
AcUvltie.," (2) SECY-94-219. 
"Propo..d Agency.Wid. 
Impl.mentation Plan for Prob.blllstlc 
Ri.k A.....m.nt (PM)." (3) the 
Commi..ion'. Staff Requirement. 
M.morandum of Sept.mber 13, 1994, 
conceming the Augu.t 30, 1994. )
Commi..lon meeting on SECY-94-218 
and SECY-94-2~9,and (4) the 
Commi"ion·. Staff Requirem.nts 
M.morandum of October 4, 1994. on 
SECY-94-218 can be obtaJned 
electronically by .cceasing the NRC 
electronic bulletin board .y.tem (BBS) 
Tech Spec:a Plu•. These four 
WordP.rfect- 5.1 document••re located 
in the BBS MISC librsry directory und.r 
the .Ingle filename "PMPLAN.ZIP". 
The WordPerfect4t 5.1 fil. for the linal 
pollcy stat.m.nt on the "'Js. of 
Prob.bilistic Ri.k A..esam.nt M.thods 
in Nuclear Regul.tory Activities... is 
located in the BBS MISC library 
directory under the fil.name 
"PRPOUCY.ZIP", The BBS operetes Z4 
houre • d.y and can be accessed 
through. toll·fre. number•.1-800-619
5184••t modem speed. up to 9800 baud 
with communication param.t.n .et at 8 
data bits. no parity, 1 stop bit. full 

.dupl.x, and usinS ANSI tennln.l 
emulation. 

Dated at Rockvilla. Maryland. thl. 10th day
 
of "usuat, 1"5.
 

For the Nuclear Regulatory Commillion.
 
ADiIrww L. aa.
 
Actin, SlJClWfQry ofthe Comm("ion.
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facility would not impair the 
licensee'. ability to fully fund the plan 
ublnitted to the NRC (or. Uno plan bas 

n led. the action. necessary to 
permit laue of the .ite for unrestricted 
use). A censee would, for example, 
bave 10 s ow that the decommiuionins 
actions po tiaUy taken out of 
sequence 0 y decommissioning plan 
submitted (0 reasonable 
decommission g altematives Uno plan 
hu been submi ed) would not 
significantly in .. decommissioning 
cost. or impair ita bility to obtain the 
funds necessary to omplete 
decommissioning. 

4. Before the NRC a roves a 
decommtuioning plan. ieen..es can be 
aUowed to UDdertake an " 
decommissioning activity(u the tenn 
"decommiuioD" is denne~~10 CFR 
50.2) that doe. not: (a) Foree 5e the 
rei.... of the .Ite for possible 
unrestricted u... (b) signlfican 
inaea.. decommissioning costs~c) 
cause any .ignificant envlronme",al 
impact not previously reviewed. O~~(d) 
vlolete the terms of the licensee's 
existinglicen.. (e.g-, OL. POL. or OL 
with confirmatory shutdown order) or 
10 CFR 50.59 u applied to the existing 
liceDse. 

This criterion seeks to ensure that 
funds are only used for tho.. 
decommiuioDing activities that would 
be allowed to proceed before the NRC 
approves a decommissioning plan.
Items (a) and (b) have already been 
addressed by this policy statement. r 
items (c) and (d), a licensee and th C 
would evaluate the proposed acti ty to 
ensure that the activity may p d 
under the current licen.. and t the 
proposed activity will not res t in any 
sigoUiC8Dt environmental act not 
preViously reviewed. 

M stated above. the 
licen.... to usa their de mmissioning 
funds for the decommi ioDing 
activities permitted a va (es the term 
"dec:ommiuion" is fined in 10 CFR 
50.2), notwithstand g the fact that thair 
decommiuionin8 lans bave not yet 
been approved b the NRC. After review 
of the licen...• roposed activities and 
fund withdra Iusing the above 
criteria, the would permit the 
licensee to decommissionins funds 
and to un rtake the proposed activities 
by tacitly nsenUns to the proposed 
withdre el. by Dot intarposing. within 
a lpe ed time, an objection to tlle 
licen e'l proposel. The NRC would 
nee 80 day. to complete an effective 
re ew of a licensee', proposeI and 
I tifieaUon of bow the above criteria 

11 be met. 

AAcWuyluue 

NRC lnfonnaUy whether they would 
able to withdraw funds from their 
to pay for developlns the S50.82 
decommisslon1D& plan and for 0 
post·shutdown admlnlltratlve e 
The NRC believes that these 
withdrawa" mould be allow fore 
the NRC approves the final 
dec:ommiu(oDing plan. pro ded the 
Ucensee meets the foUowi guidelines: 
1. The sum of withdrawa for such 

purposes sbould be d minimis. that 
is. less than 55 milli .' 

2. The decommission g trust balanee 
would Dot faU bel an amount 
needed for .fe s Nge. 

3. The licensee p Ided for th..e costs 
in its sU..sp c decommluloninS 
cost estimate d increued its overall 
trust fund anees accordlnsly. 
Deted at vUle. Maryland, thll12th day 

of JUlUary. 1 
For the N clear Regulatory Comml,sloD. 

'..eeL aha, 
Actin, «Utive DirectorlOT Operotions. 

III FA 354111 
PubIlahed 7/12/M
EtIectIve 7/12/84 

10 CPR Part 50 

Regulation of Advanced Nuc".r Power
 
Pl8ntli "tement of Policy
 

..OENCY: Nuclear Regulatory
 
Commiuion.
 
..CTION: Final Policy Statement.
 

SU......RY: The Nuclear Regulatory 
CommissioD (NRC) inteDdS to improve 
the licenaing env1roDment for advanced 
Duclear power reaeton to miDlmize 
Complexity and UDC8l'taiDty in the 
regulatory process. This statement gives 
the Commiu1oD's policy resard1ng the 
review of. and desired characteristics 
..aoclated with. advllDC8d reactors. This 
policy atatement is a revis10n of the 
final policy statemeDt titled "Regulation
of Advanced Nuclear Power Planta, 
StatemeDt of Policy" that wa. published 
on July II, 11188. The purpose ohMs 
revilioD is to update the Commtssion's 
policy statement on advanced reactors 
to reference the CommissiOD'S 
metricatioD policy. 
EFFECTIYE D"TE: July 12. 111114.
 
FOR FURTHER INFORMATION CONT..CT:
 
Stephan P. Sand., U.S. Nuclear
 
Regulatory CommtssioD. Washington.
 
IX: 20555. TelephoDe: 301-504-3154. 
SUPPLEMENTARY IHFORIIAT1OH: 

Bac:kpoucl 
em July 8, 11186 (51 FR 24843). the 

Commiuion publiabed its fiDal policy 
statement OD advanced reactOR in the 
Federal Rqiatar. The CommissioD'S 
primary obJect1ves in Iss\IiDS the 
advanced reactor pollcy statement were 
threefold: 

• Firat, to maiDtaID the earliest 
possible interectJoD of appliC8Dta, 
vendorl. end lovemment agencie., with 
the NRC: 

• SecoDd, to provide an interested 
parties, includiDa tha public. with the 
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Commission's views concerning the 
desired characteristics of advanced 
reactor designs: and 

• Third, to express the Commission's 
intent to issue timely comment on the 
implications of such designs for safety 
and the regulatory process. 

On August 10, 1988, Congress passed 
the Omnibus Trade and 
Competitiveness Act (the Actl, (19 
U.S.C. 2901 et seq.), which amended the 
Metric Conversion Act of 1975, {15 
U.S.C. 205a et seq.}. Section 5164 of the 
Act (15 U.S.C. 205a) designates the 
metric system as the preferred system of 
weights and measures for U.S, trade and 
commerce. 

In an effort to effect an orderly change 
to the metric system. the Act requires 
that all Federal agencies convert to the 
metric system of measurement in their 
procurement. grants, and other 
business-related activities by the end of 
fiscal year 1992, "except to the extent 
that such use is impractical or is likely 
to cause significant inefficiencies or loss 
ofmarkets to U.S. firms. such as when 
foreign competitors are producing 
competing products in non·metric 
units," Section 5614(bJ(2). 

In respunse to the Act, the NRC 
published its metrication policy 
statement for comment in the Federal 
Register on February 10, 1992 (57 FR 
4891). The purpose of the metrication 
policy statement was to inform NRC 
licensees and the public how the 
Commission intended to meet its 
obligations under the Act. Comments on 
the draft statement were submitted by 
12 responders. including 5 power 
reactor licensees, 3 standards 
organizations, a reactor vendor, a 
materials licensee, the Nuclear 
Management and Resources Council, 
and a joint letter submitted by three 
indiViduals. All commenters supported 
the Commission's position and the final 
policy statement was published on 
October 7.1992 (57 FR 46202). 

The Commission supports and 
encourages the use of the metric system 
of measurement by NRC licensees and 
applicants. However, Commission 
experience to date in design 
certification reviews is that it is 
impracticable and uneconomical to 
convert a design to the metric system 
late in the design process and that 
applicants should consider metrication 
early in the design process. Therefore. 
the Commission is revising the 
advanced reactor policy slatement to 
incorporate its policy on metrication to 
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encourage licensees and license 
applicants to employ the metric system 
of measurement wherever and whenever 
its use is not potenUally detrimental to 
the public health and safety or is not 
economically impracticable. 

Commission Policy 
Consistent with its legislative 

mandate, the Commission's policy with 
respect to regulaUng nuclear power 
reactors is to ensure adequate protection 
of the public health and safety and the 
envIronment. Regarding advanced 
reactors. the Commission expects, as a 
minimum, at least the same degree of 
protection of the public and the 
environment that is requIred for current
generation light water reactors. 
Furthermore. the Commisaion expects 
that advanced reactors will provide 
enhanced margins of safety and/or 
utilize simplified, inherent. pusive, or 
other innovative means to accomplish 
their safety functions. The Commission 
also expects that advanced reactor 
designs will comply with the 
Commission's safety goal policy 
statement and the policy statement on 
conversion to the metric system. 

Among the attributes that could assist 
in establishing the acceptability or 
Iicensability of a proposed advanced 
reactor design, and that therefore should 
be considered in advanced design•• are: 

• Highly reliable and less complex 
shutdown and decay heat removal 
systems. The use of inherent or pusive 
means to accomplish this objective is 
encouraged (negative temperature 
coefficient, natural circulation, etc.). 

• Longer time constants and 
sufficient instrumentation to allow for 
more diagnosis and manasement before 
reaching safety systems challenge and! 
or exposure of vital equipment to 
adverse conditions. 

• Simplified safety systems that, 
where possIble, reduce reqUired 
operator actions, equipment subjected to 
severe environmental conditions, and 
components needed Cor maintaiDlDg safe 
shutdown conditions. Such simpllfied 
systems should faciUtate operator 
comprehension, reliable system 
function, and more straIghtforward 
engineering analysis. 

• Designs that minimize the potential 
for severe accidents and their 
consequences by providing sufficient 
Inherent safety, reliability, redundancy, 
diversity, and independence in safety 
systems. 

• Designs that provide reliable 
equipment In the balance of plant (BOP) 

(or safety-system independence &om 
BOP) to reduce the number of 
challenges to safety systems. 

• DesIgns that provide easlly 
maIntaInable equipment and 
components.

• Designs that reduce potential
radiation exposures to plant personnel. 

• Designs that incorporate deCensa-in
depth philosophy by maintaining 
multiple barriers agaInst radiatIon 
reI..... and by redudng the potential 
Cor and cODMqUences of severe 
acc:ldenla. 

• Desisn features that can be proven 
by citation of exlsting technology or that 
can be ..tisfactorily established by 
commlbnent to a suitable technology 
development prograJl!.

If specIfic aavanced reactor designs 
with some or all of the above foregoing 
attributes are brought to the NRC for 
comment and/or evaluation, the 
CommIssion can develop preliminary 
deslsn safety evaluation and llcensing 
criteria for their safety-related upeets. 
CombInation of lOme or all of the above 
attributes may help obtain early 
licensing approval with minimum 
regulatory burden. Designs with some or 
all of these attributes are also likely to 
be more readily understood by the 
general public. Indeed, the number and 
nature oC the regulatory Tequirements 
may depend on the extent to which an 
individual advanced reactor design 
incorporates seneral attributes such as 
thosellated above. However, until such 
Urne u conceptual deaIgns are 
submitted. the Commission belleves that 
regulatory guidance must be sufficiently 
general to avoid placiDg unnecessary 
constraints on the development oC new 
design concepts.

To provide for more timely and 
effective regulation of advanced 
reactors, the Commisaion encourages 
the earliest possible interaction of 
applicants. vendors. other government 
agancies. and the NRC to provide for 
early identification of regulatory 
requirements for advanced reactors, and 
to provide all Interested parties. 
including the publlc. with a timely, 
Independent ..sessment of the safety 
characteristics of advanced reactor 
designs. Such lIcensing interaction and 
guidance early in the aesign process 
will contribute toward minimizing 
complexity and adding stability and 
predictability In the licensing and 
regulation of advanced reactors. 

While the NRC itself does not develop 
new desIgns. the Commission intends to 
develop the capability for timely 

)
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assessment and response to innovative 
and advanced designs that might be 
presented for NRC review. Prior 
experience has shown that new reactor 
designs-even variations of established 
designs-may involve technical 
problems that must be solved in order 
to ensure adequate protection of the 
public health and safety. The earlier 
such design problems are identified. the 
earlier satisfactory resolution can be 
achieved. Prospective applicants are 
reminded that, while the NRC will 
undertake to review and comment on 
new design concepts, the applicants are 
responsible for documentation and 
research necessary to support a specific 
license application. (NRC research is 
conducted to provide the technical 
bases for rulemaking and regulatory 
decisions, to support licensing and 
inspection activities, and to increase 
NRC's understanding of phenomena for 
which analytical methods are needed in 
regulatory activities.) 

DUring the initial phase of advanced 
reactor development, the Commission 
particularly encourages design 
innovations that enhance safety and 
reliability (such as those described 
above) and that generally depend on 
technology that is either proven or can 
be demonstrated by a straightforward 
technology development program. In the 
absence of a significant history of 
operating experience on an advanced 
concept reactor. plans for innovative use 
of proven technology and/or new 
technology development programs 
should be presented to the NRC for 
review as early as possible, 50 that the 
NRC can assess how the proposed 
program might influence regulatory 
requirements. To achieve these broad 
objectives, the Advanced Reactor 
Projects Directorate (PDAR) was 
established in the Office of Nuclear 
Reactor Regulation. This group is the 
focal point for NRC interaction with the 
Depanment of Energy. reactor designers. 
and potential applicants. and 
coordinates the development of 
regulatory criteria and guidance for 
proposed advanced reactors. In 
addition. the group maintains 
knowledge of advanced reactor designs. 
developments. and operating experience 
in other countries, and provides 
guidance on an NRC·funded advanced 
reactor safety research program to 
ensure that it supports, and is consistent 
with. the Commission's advanced 
reactor policy. The PDAR also provides 
gUidance regarding the timing and 
format of submittals for review. The 
Advisory Committee on Reactor 
Safeguards plays a significant role in 

reviewing proposed advanced design 
concepts and supporting activities. 

The NRC believes that conversion to 
the metric system is important to the 
national interest. The Commission 
strongly encourages its licensees and 
license applicants to employ the metric 
system of measurement wherever and 
whenever its use is not potentially 
detrimental to the public health and 
..fety or is not economically iDfeuible. 
In order to facilitate use of the metric 
.ystem by licensees and applicants. the 
NRC began publishing. as of January 7, 
1993. the following documents in dual 
units: new regulations. major 
amendments to existing regulations. 
regulatory guides, NUREG-series 
documents. policy statements. 
information notices. generic letters. 
bulletins. and an written 
communications directed to the public. 
Licensees and applicants should follow 
the guidance outlined in the 
Commission's position and final policy 
statement on metrication published on 
October 7.1992 (57 FR 46202). 

Olted It Rockvilli. Maryland. thl. 5th day 
of July, 1994. 

For the Nuc1eu Regulatory Comml..lon. 
,ohn C. Hoyle. 
Acting S~c,."tQryofth~ Commillion. 
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51 FR 28044 
Publilhecl 8/4/86 

51 FR 30028 
Publilhed 8/21/86 

-Effecti". 8/4/86 

10 CFR Part 50 

Safety Goa's tor the Operations of 
Nuclear Power Plants; Policy 
Statement; Republication 

[Editorial Note.-The following document 
wu Originally published at page 28044 in 
the illue of Mondly. August 4. 1986. It is 
being republished in ils entirety. with ' 
corrections. It the nlQuell of the agency_I 
AGENCY: Nuclear Regulatory
 
Commission.
 
ACTION: Policy statemem.
 

SUMMARY: This policy statement focuses 
on the risks to the public from nuclear 
power plant operation. Its objective is to 
establish ,oals that broadly define an 
acceptable level of radiological risk. In 
developing the policy statement. the 
to.'RC sponsored two public workshop, 
during 1981. obtained public comments 
and held four public meetings during 
1982. conducted a 2·year evaluation 
during 1983 to 1985. and received the 
views of its Advisory Committee on 
Reactor Safeguards. 

The Commission haa established two 
qualitative aafety goals which are 
lupported by two quantitative 
objectives. Theae two supporting 
objectives are based on the principle 
that nuclear riskl should not be a 
significant addition to other locietal 
risks. The Commission wants to make 
clear that no death attributable to 
nuclear power plant operation will ever 
be "acceptable" In the lense that the 
Commission would regard it as a routine 
or permissible event. The Commission is 
diacusling acceptable risks. nol 
acceptable deatha. 

• The qualitative ,afety goals are 88 
foUowa: 
-IndiVidual members of the public 

should be provided a level of 

p 
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protection from the con!equences of 
nuclear power plant operation such 
that iDdividual. bear no .isnificant 
additional risk to life and health. 

-Societal ri.k. to life and health from 
nuclear power plant operation .hould 
be comparable to or les. than the 
risks of 8eneratins electricity by 
viable competins technologies and 
should not be a sisnificant addition to 
other .ocietal risks. 
• The followins quantitative 

objectil1es are to be used in d~terminin8 
achievement of the above .afety goals: 
-The risk to an averase individual in 

the vicinity of a nuclur power plant 
of prompt fatl:llities that mi8ht re.ult 
from reactor accident••hould not 
exceed ':lne-tenth of one percent (0.1 
percent) of the .um of prompt fatality 
risks resultins from other accident. to 
which member. of the U.S. population
are generally exposed. 

-The risk to the population in the area 
ncar a nuclear power plant of cancer 
fatalities that might result from 
nuclear power plant operation .hould 
nol exceed one·tenth of one percent 
(0.1 percent) of the .um of cancer 
fatality risk. resultins from all other 
causes. 

EFFECTIVE OAT!: Augu.t 4. 1906.
 
FOil FUIITHER INfORMATION CONTACT:
 
Merrill Taylor. Regional Operations and
 
Generic Requirement. Staff. Office of 
the Executive Director for Operation•. 
U.S. Nuclear Resulatory Commission, 
Washinslon. DC 20555. Telephone (3011 
492-4356). 
SUHlUM£NTARY INFORMATION: The 
follow ins pre.ent. the Commission'. 
Finlll Policy Statement on Safety Goals 
for the Operation of Nuclellr Power 
Plants: 

I. IntroductioD 

A. Purpose and Scope 

In its response to the 
recommendations of the President's 
Commission on the Accident al Three 
Mile Island. the Nuclear Regulatory 
Commission (NRC) .tated that it was 
"prepared to move forward with an 
explicit policy statement on .afety 
philosophy and the role of .afety-<:o.t 
tradeoffs in the NRC ..fety deci.ion...• 
Thi. policy .tatement I. the result. 

Current regulatory practice. are 
believed to en.ure that the ba.ic 
.tatutory requirement. adequate 
protection of the public. i. met. 
Neverthelell. current practice. could be 
improved to provide a better mean. for 
testina the adequacy of and need for 
current and proposed regulatory 
requirements. The Commi.sion believe. 
that .uc~ improvement could lead to a 
more coherent and con.iltent re8ulatlon 
of nuclear power plantl. a more 
predictable resulatory process. a public 
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understanding of the resulatory criteria 
that the NRC applies. and public 
confidence In the lafety of operatina 
plant•. Thll Itatement of NRC safety 
policy expres.e. the Commillion'. 
viewl on the level of ri.ks to public 
health and ..fety that the indultry 
•hould Itrive for In Its nuclear power 
plantl. 

Thi. policy .tatement focules on the 
risks to the public from nuclear power 
plant operation. These are the risk. from 
release of radioactive materialI from the 
reactor to the environment from normal 
operation. 81 well al from accidentl. 
The Commiuion will refer to these risk. 
a. the rilk. of nuclear power plant 
operation. The rilk. from the nuclear 
fuel cycle are not included in the .afety 
soall. 

Thele fuel cycle rilk. have been 
considered in their own rl8ht and 
determined to be quite Imall. They will 
continue to receive careful 
consideration. The poslible effect. of 
.abotase or diversion of nuclear 
material are allo not presently Included 
in the safety goall. At pre.ent there I. 
no basis on which to provide a meuure 
ofrisk on thele.matterl.1t I. the 
Commi8lion's Intention that everythin8 
that is needed will be done to keep 
these types of rilk. at their preaent very 
low level; and It i. the Commillion·. 
expectation that effort. on thi. point 
will continue to be .uccellful. With 
these exception•. It I. the Commission'l 
intent that the risks from a\l the variou. 
initiatin8 mechanism. be taken into 
account to the best of the capability of 
current evaluation techniques. 

In the evaluation of nuclear power 
plant operation. the .taff con.ider. 
.everal types of releases. Current NRC 
practice addresaes the risk. to the 
public resultins from operatins nuclear 
power plantl. Before a nuclear power 
plant i. licensed to operate. NRC 
prepares an environmental impact 
assessment which include. an 
evaluation of the radiolosical impactl of 
routine operation of the plant and 
accident. on the population in the resion 
around the plant .ite. The alSellment 
undergoel public comment and may be 
extensively probed in adjudlcatory 
hearins" For all plant. licensed to 
operaIe, NRC hal found that there will 
be no measurable radiolosical Impact on 
any member of the public from routine 
operation of the plant. (Reference: NRC 
.taff calculation. of radioloalcallmpact 
on humans contained in Final 
Environmental Statementl for .pecific 
nuclear power planI.: e.8., NURE~8. 
NUREG-0812. and NUREG-0854.) 

The objective of the CommIliion'. 
policy .tatement Is to e.tabli.h 80a11 
that broadly define an acceptable level 
of radioloSical risk that might be 
imposed on the public a. 8 re.u1t of 
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nuclear power plant operation. While 
this policy .tatement include. the risk. 
of normal operation. a. well al 
accident•. the Comml'lion believes that 
becauu of compliance with Federal 
Radiation Council (FRC) suldance, (40 
CFR Part 190), and NRC'. regulations (10 
CFR Part ZO and Appendix I to Part 50)• 
the ri.k. from routine emillion. are 
.mall compared to the .afety soall. 
Therefore, the Commiuion believes that 
these risk. need not be routinely 
analyzed on a ca.e·by-<:ase ba.is in 
order to demonstrate conformance with 
the .afety 80al•. 
B. Development of this Statement of 
Safety Policy 

In developin8 the policy .tatement. 
the Commillion loliclted and benefited 
from the information and sugestion. 
provided by work.hop di.cus.ion•. 
NRC.•pon.ored work.hop. were held in 
Palo Alto, Califomia, on Apri11-3, 1981 
and in Harper. Ferry, West Virginia. on 
July 23-24, 1981. The firlt workshop 
addressed senerall••ue. Involved in 
developins .afety soal•. The second 
work.hop focused on a di.cullion paper 
which presented propo.ed .afety 80al•. 
Both work.hop. featured di.cuasion. 
amona knowled8eable per.on. drawn 
from indu.try. public interelt group•. 
univer.ities. and el.ewhere, who 
represented a broad ranse of 
perspective. and di.cipline•. 

The NRC Office of Policy Evaluation 
submitted to the Commi••ion for it. 
consideration a Dilcullion Paper on 
Safety Goal. for Nuclear Power Plant. 
in November 1981 and a revi.ed safety 
soal report in July 1982. 

The Commillion al.o took into 
con.ideration the commentl and 
lugeltionl received from the public in 
respon.e to the propo.ed Policy 
Statement on "Safety Goal. for Nuclear 
Power Plant.... publi.hed on February 
17.1982 (47 FR 7023). Following public 
comment. a revi.ed Policy Statement 
was lllued on March 14, 1983 (48 FR 
10772) and a 2-year evaluation period 
besan. 

The Commillion u.ed the .taff report 
and it. recommendation. that re.ulted 
from the 2·year evaluation of .afety 
soal. In developins this final Policy 
Statement. Additionally, the 
Commi.lion had benefit of further 
comment. from it. Advi.ory Committee 
on Reactor Safesuardl (ACRS) and by 
unior NRC manasement. 

Ba.ed on the re.ultl of thi. 
information, the Commillion ha. 
determined that the qualitative .afety 
soal. will remain unchansed from it. 
March 1983 revi.ed policy Itatement. 
and the CommiliioD adopt. theu a. It. 
safety 80all for the operation of nuclear 
power plant•. 

)
 



n. Qualitative Salety Coal. 

The Commission h.. decided to adopt 
qualitative aalety goal. that are 
.upported by quantitative health effect. 
objectives lor u.e in the regulatory 
decisionmaking proc.... The 
Commi"ion'. lirat qualitative .alety 
goal i. that the ri.k from nuclear power 
plant operation .hould not be a 
.ignificant contributor to a per.on'. n.k 
of accidental death or injury. The intent 
il to require .uch a level of .afety that 
individullliliving or working near 
nuclear power plants .hould be able to 
go about their daily live. without .pecilll 
(:llneern by virtue of their proximity to 
these plonts. Thus. the Commission'. 
first sllfet)· goal is

Indil'idual members of the public 
should be provided a level ofprotection 
from the consequences of nuclear power 
plollt operation such that individuals 
bear no significant additional risk to life 
and health. 

Even though protection of Individual 
member. of the public inherently 
provides substantial .ocietal protection. 
the Commission also decided that a limit 
.hould be placed on the .ocietal rI.k. 
posed by nuclear power plant operation. 
The Commis.ion also believe. that the 
ri.ks of nuclear power plant operation 
•hould be comparable to or Ie.. than the 
riskl from other viable mean. of 
generating the .ame quantity of 
electrical energy. Thu•. the 
Commillion·. second safety goal ia-

Societal risks to hfe and health from 
nuclearpower plant operotian should be 
comparable to or less than the risks of 
generating electricity by viable 
competing technologies and should not 
be a sigmficant addition to other 
societal risks. 

The broad spectrum of expert opinion 
on the riskl po.ed by electrical 
generation by coal and the ab.ence of 
authoritative data make it impractical to 
calibrate nuclear .afety goal. by 
comparing them with coal risk. ba.ed 
on what we know today. However, the 
Commission has established the 
quantitative health effect. objective. In 
luch a way that nuclear risks ere not a 
lignificant addition to other .ocietal 
risks. 

Severe core damage accident. can 
lead to more .eriou. accident. with the 
potential for life-threatening ollsite 
rele..e of radiation, for evacuation of 
member. of the public. and for 
contamination of public property. Apart 
from their health and .afety 
con.equences, .evere core damage 
accident. can erode public confidence In 
the .afety of nuclear power end can lead 
to further in.tability and 
unpredictability for the industry. In 
order to avoid these adverse 
consequences. the Commission inlend. 
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to continue to pur.ue a regulatory 
program that has .. it. objective 
pro\'iding rea.onable allurance. while 
• h·ing appropriate consideration to the 
uncertainties involved, that a levere 
core damage accident will not occur at a 
U.S. nuclear power plant. 

III. QuaDtitative Objective. lJ.ed To 
Gaule Achievement of The Safety Goal. 

A. General Con.iderations 

The quantitative health errecta 
objective. e.tabli.h NRC guidance for 
public protection which nuclear plant 
designers and operators should .trlve to 
achieve. A ke)' element in formulating a 
qualitative safety goal whose 
echievement is measured by 
quantitative health effects objectiv.. i. 
to understand both the .trength. and 
limitations of the techniques by which 
one judges whether the qualitative 
.arety goal has been met. 

A major step forward in the 
development and refinement of accident 
ri.k quantification was taken in the 
Reactor Safety Study (WASH-1400) 
completed in 1975. The objective of the 
Study w.. "to try to reach .ome 
meaningful conclu.ions about the rI.k of 
nuclear accident.... The Study did not 
directly addrell the que.tion of what 
level of risk from nuclear accidenta wa• 
acceptable. 

Since the completion of the Reactor 
Safety Study, further progrell in 
developing probabili.tic risk allellment 
and in accumulating relevant data h.. 
led to a recognition that It i. feasible to 
begin to u.e quantitative .afety 
objectives for limited purposes. 
However, becau.e of the .izable 
uncertainties .till prelent in the methods 
and the gap. in the data b:le-e••ential 
elements needed to gauge whether the 
objectives have been achieved-the 
quantitative objective••hould be 
viewed a. aiming point. or numerical 
benchmarks of performance. In 
particular, becaun of the pre.ent 
limitation. in the .tate of the art of 
quantitatively eltimating ri.k., the 
quantitative health effect. objective. are 
not a substitute for axi.tlng regulation•. 

The Commillion recognize. the 
importance of mitisating the 
consequence. of a core-melt accident 
and continue. to empha.ize feature. 
.uch a. containment••lting in lell 
populated area•• and emelllency 
planning a. integral part. of the defeD'" 
in-depth concept a••ociated with It. 
accident prevention and mitigatioD 
phllolophy. 

B. Quantitative Risk Objectives 
The Commi••ion went. to make dear 

at the beginning of thi••ection that no 
death attributable to nuclear power 
plant operation will ever be 
"acceptable" in the .enle that the 
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Commi••ion would regard it a. a routine 
or permillible event. We are di.cullina 
ecceptable risks. not acceptable death•. 
In any fatal accident. a course of 
conduct po.ing an acceptable ri.k at one 
moment r..ult. in an unacceptable 
death moment. later. Thi. i. true 
whether one .peak. of driving. 
.wimming. flying or generatins 
electricity from coal. Each of thele 
activitie. po.e. a calculable ri.k to 
.ociety and to Individual•. Some of 
tho.e who accept the ri.k (or are part of 
a .ociety that accept. ri.k) do not 
.urvive it. We intend that no .uch 
accident. will occur. but the pOlSibility 
cannot be entirely eliminated. 
Furthermore. individual and .ocietal 
ri.ks from nuclear power plant. are 
generally e.timated to be con.iderably 
lell than the ri.k that .ociety i. now 
exposed to boom each of the other 
activitie. mentioned above. 

C. Health Effects-Prompt and LDtent
 
Cancer Mortality IUsb
 

The Commi••ion ha. decided to adopt 
the following two health effect. a. the 
quantitative objective. concerning 
mortality n.k. to be u.ed in determining 
achievement of the qualitative .afety 
80ala

• The ri.k to an average individual in 
the vicinity afa nuclear power plant of 
prompt fatalities that might result fram 
reactor accidents should not exceed 
one-tenth afone percent (0.1 percent) of 
the 6um 01prampt fatality risks 
resulting from other accidents to which 
members of the u.s. population are 
generally exposed. 

• The risk to the population in the 
area near D nuclearpower plant of 
cancer fatalities that might result fram 
nuclearpower plant operation should 
not flJCceed one-tenth ofone percent (0.1 
pelQntj of the .um ofconc.r fatality 
risks resulting from all other causes. 

The Commillion believe. that thi. 
ratio of 0.1 percent appropria tely reflect. 
both of the qualitative 80ala-to provide 
that Individual. and .ociet)' bear no 
.ipificant additional ri.k. However, thi. 
doel not necellarily mean that an 
additional ri.k that exceed. 0.1 percent 
would by It.elf cOMtitute a .ignificant 
additional ri.k. The 0.1 percent ratio to 
other ri.k. i. low enough to ,ullport an 
expectation that people livin& or 
working near nuclear power plant. 
would have no .pecial concern due to 
the plant'. proximity. 

The averase Individual in the viclnit)' 
of the plant I. defmed a. the average 
individual biologically (in term. of ase 
and other ri.k factora) and locationally 
who re.lde. within a mile from the plant 
.ite boundary. This mean. that the 
average individual I. found by 
accumulating lhe e.timated individual 
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risks and dividing by the number of 
individuals residing in the vicinity of the 
plant. 

In applying the objective for 
individual ri.k of prompt fatality. the 
Commission has defined the vicinity a. 
the area within 1 mile of the nuclear 
power plant .ite boundary.•ince 
calculation. of the con.equence. of 
major reactor accident••ugge.t that 
individual. within a mile of the plant 
.ite boundary would generally be 
subject to the greate.t ri.k of prompt 
death attributable to radiological 
causes. If there are no individuals 
residing within a mile of the plant 
boundaljl. an individual .hould. for 
evaluation purposea. be allumed to 
reside 1 mile from the lite boundary. 

In applying the objective for cancer 
fatalities a. a population guideline for 
individual. in the area near the plant. 
the Commission has defined the 
population generally con.idered .ubject 
to significant ri.k a. the population 
within 10 mile. of the plant site. The 
bulk of .ignificant exposures of the 
population to radiation ""'ould be 
concentrated within this distance. and 
thus thills the appropriate population 
for comparison with cancer fatality rI.ks 
from all other causes. Thi. objective 
would ensure that the estimated 
incre..e in the risk of delayed cancer 
fatalitie. from all potential radiation 
release. at a typical plant would be no 
more than a .mall fraction of the year
to-year normal variation in the expected 
cancer death. from nOMuclear cau.e•. 
Moreover. the prompt fatality objective 
for protectins individuals generally 
provide. even lJI'eater protection to the 
population a. a whole. That i •. if the 
quantitiative objective for prompt 
fatality I. met for individual. in the 
immediate vicinity of the plant. the 
estimated ri.k of delayed cancer fatality 
to per.ons within 10 mile. of the plant 
and beyond would generally be much 
lower than the quantitative objective for 
cancer fatality. Thus. compliance with 
the prompt fatality objecth'e applied to 
individual. c1o.e to the plant would 
generally mean that the aSlJl'esate 
estimated .ocletal rI.k would be a 
number of times lower than it would be 
if compliance with ju.t the objective 
applied to the population as a whole 
were involved. The distance for 
averag!1li the cancer fatality ri.k wa. 
taken .. SO mile. In the 1983 policy 
.tatement. The change to 10 mile. could 
be viewed to provide additional 
protection to Individual. in the \icinity 
of the plant. although anal)·se. Indicate 
that this objective for cancer fatbUty 
willl10t be the controlling one. It al.o 
provide. more repre.entative soctetal 

protection.•ince the risk to the people 
beyond 10 miles will be Ie.. than the 
risk to the people ,,·ithfn 10 mile•. 

IV. Treatment of Uncertainti.. 
The Commisaion i. aware that 

uncertainties are not calaed by u.e of 
quantitative methodolosy in 
decisionmaking but are merely 
hishlishted through use of the 
quantification procell. Confidence in 
the use of probabili.tic and ri.k 
assessment techniques h.. steadily 
improved .ince the time these were u.ed 
in the Reactor Safety Study. In facl, 
throush u.e of quantitative technique•. 
important uncertaintie. h8\'e been and 
continue to be brought into better focus 
and may even be reduced compared to 
those that would relDain with .ole 
reliance on deterministic 
decisionmlkins. To the extent 
practicable. the Commillion intends to 
en.ure Utat the quantitative techniquII 
used for regulatory deci.ionmakina take 
into account the potential uncertainties 
that exi.t so that an e.tlmate can be 
made on the confidence level to be 
ascribed to the quantitative re.ulta. 

The Commillion hes adopted the uae 
of mean estimate. for purpo.e. of 
implementing the quantitative objectives 
of this .afety aoal policy (I.e.• the 
mortality ri.k objective.). Use of the 
mean estimate. comport. with the 
cu.tomary practices for co.t-benefit 
analy.e. and It I. the correct usage for 
purpo.e. of the mortality ri.k 
compari.on•. Use of mean e.Umate. 
does not however re.olve the need to 
quantify (to the extent reasonable) and 
under.tand tho.e Important 
uncertainties involved In the reactor 
accident ri.k predictions. A number of 
uncertaintle. (e.g., thermal-hydraulic 
...umptlon. and the phenomenolosy of 
core-melt progres.ion. flsaian product 
release and tran.port, and containment 
load. and performlnce) an.e becauae of 
I direct lack of Itvereaccident 
experi.nce or knowledse of aeddent 
phenomenology along with data raJatad 
to probability di.tributiona.

In .uch a .Ituation, It i. necellary that 
proper attention be siven not only to the 
ranse of uncertainty .unvundil1l 
probabilistic e.timate•• but el.o to the 
phenomenology that mo.t Influence. the 
uncertainlie•. For this rea.on. sensitJvity 
.tudie••hould be performed to 
determine those uncertalntle. mo.t 
Important to the probablllstic e.timate•. 
The re.ult. of sensitivity of studies 
should be di.played IhowJna. for 
example. the l'anse of variation tosether 
with the undel'lying .cience or 
engineering ..sumptlon. that dominlte 
this variation. Dependina on the 
decision need•• the probablli.tic re.ult. 

should arso be reasonably balanced and 
supported through use of deterministic 
a'llument•. In this way. judgements can 
be made by the deci.ionmaker about the 
degree of confidence to be given to the•• 
estimate. and a.sumptloM. Thi. Is a 
key part of the procesa of detenninina 
the de".ee of regulatory conaervati.m 
that may be warranted for particular 
decision•. This defen.e-In-depth 
approacb i. expected to continue to 
en.ure the protection of public health 
and .afety. 

V. Guidelines For Regulatory 
Implementation 

The Commillion approves use of the 
qualitative .afety soal•• Including u.e of 
the quantitative health effect. objecli,·es 
In the regulatory decl.lonmaklng 
procell. The Commi.slon recognizes 
that the .afety goal can provide a useful 
tool by which the adequacy of 
regulation. or regulatory decision. 
regardins changes to the resulation. can 
be judged. Likewise. the .afety goal. 
could be of benefit in the much more 
difficult tuk of allelling whether 
exi.ting plant•. designed. con.tructed 
and operated to comply with put and 
current resulation•• conform adequately 
with the intent of the .afety soal policy. 

However. in order to do thi•. the .tlff 
will require .pecific guidelines to use a. 
a basi. for detenninilli whether a level 
of .afety ascribed to a plant I. 
consiltent with the .afety goal policy. 
A. a separate matter. the Commission 
inter-d. to review and approve guidance 
to the .taff resardina .uch 
determination•. It Is currently 
envi.ioned that this guidance would 
address matteR .uch I' plant 
performance luldelines. indicatol'l for 
operational performance. and guidelines 
for conduct of COlt-benefit analyses. 
Thi. guidance would be derived from 
additional .tudie. conducted by the .taff' 
and re.ultinsin recommendations to the 
Commillion. The guidance would be 
based on the foUowinS aeneral 
performance guideline which I. 
proposed by the Commisaion for further 
.taff examination-

Con,i.tent with the traditionol 
de/en.e-in-depth approach and the 
accident mitigation philo.ophy 
requirina reliable performance 0/
containment .ptem•• the overoll /Man 
frequency ofa large relea.e of 
rodioactive material. to the 
environment from a reactor accident 
.hould be Ie., than J in J.OOO.OOO p"r 
year 0/reactor operotion. 

To provide adequate protection of the 
public health and saf.ty. current NRC 
regulation. require con.ervlti.m in 
desisn. con.truction. teaUng. operltlon 
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und maintenance of nuclear power 
plants. A defcnse-in-depth approach has 
been mandated in oruer to prevent 
accidents from happening and to 
mitigate their consequences. Siting in 
less populated areas is emphasized. 
Furthermore, emersency respon.e 
capabilities are mandated to provide 
additional defense·in·depth protection 
to the surrounding population. 

These safety goals and thesll 
implementation guidelines are not 
meant as a .ubstitute for NRC's 
regulations and do not relieve nudear 
power plant permittees and licensee. 
frem complring with rellulations. Nor 
are the .afet)· goals and these 
implementation guidelines in and of 
themselves meant to aerve as a .ole 
basis for licensing decisions. However, 
if pursuant to theae guidelines, 
information i. de\'eloped that is 
applicable to a particular licensing 
decision, it may be consiuered as one 
factor in the licensing decision. 

The additional views of Commi.sioner 
Asselstine and the separate view. of 
Commiasioner Bemthal are attached. 

Dlted II WashinSlon. DC. this 30th de)' gr
)uly 1986. 

For the Nuclear Rel!ulltol'}' Commission. 
Lando W. Zech, )r., 
Chairman. 

Additional View. by Commissioner 
An.l.tin. on the Safety Goal Policy 
Statement 

The commercial nuclear power 
indu.try .tarted rather .Iowly and 
cautiou.ly in the early 1960's. By the late 
1960'. and early 1970'. the growth of the 
industry reached a feverish pace. New 
orders were coming in for regulatory 
re\'iew on almo.t a weekly basi•. The 
re.ult wa. the design. of the plant. 
outpaced operational experience and 
the development of .afety .tandard•. As 
experience wa. gained in operational 
characteri.tic. and in .afety review., 
.afety .tandard. were developed or 
modified with a general trend toward 
.tricter requirement•. Thu., in the early 
1970'•. the indu.try demanded to know 
"how .afe i••afe enough." In this Safety 
eoal Polic)' Statement, the Comml••lon 
I. reaching a fir.t allempt at answering 
the queation. Much credit .hould go to 
Chairman Palladino'. effort. over the 
pa.t 5 year. to develop thi. policy 
• tatemenl. I approve thi. policy 
.tatement but beli"'e it need. to go 
further. There are four additional 
a.pect. which .hould have been 
addrelled by the policy .tatement. 

Containment Performance 
Firat. I believe the Commisaion .hould 

h8\''! developed a policy on the relath'e 
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emphasis to be given to accident 
prevention and accident mitigation. 
Such guidance i. nece..ary to en.ure 
that the principle of defen.e-In-depth i. 
maintained. The Comml••lon'. Advl.ory 
Commillee on Reactor Safeguard. ha. 
repeatedly urged the Commi••ion to do 
'0. Aa a slep in that direction, I offered 
for Commis.ion consideration the 
following containment performance 
criterion: 

In order to allure a proper balance 
between accident prevention and accident
Irlltigation. the mean frequency of . 
containment failure in the event of a levere 
core damlge accident Ihould be I..s than 1 in 
100 levere core damase accidentl. 

Since the Chemob)·1 accident, the 
nuclear industry ha. been trying to 
di.tence it.elf from the Chemobyl 
accident on the ba.i. of the expected 
performance of the containment. around 
the U.S. power reactora. Unfortunately, 
the Industry and the Commillion are 
unwilling to commit to a level of 
performance for the containment•. 

The argument ha. been made that we 
do not know how to develop 
containment performance criteria 
(accident mitigation) becau.e core 
meltdown phenomena and containment 
reapon.e thereto are very complex and 
involve .ub.tantial uncertalntiea, On the 
other hand, to m.aaure how clole a 
plant come. to the quantitative 
guidelinea contained in thi. policy 
.tatement and to perform analy... 
required by the Commlilion'. backfit 
rule, one mu.t perform ju.t thOle kind. 
of analYle•. I find theae po.ltion. 
incon.i.tent. 

The other argument again.t a 
containment performance criterion I. 
that .uch a .tundard would overapecify 
the .afety 80al. However, a containment 
performance objective I. an element of 
en.uring that the principle of defen..-in
depth I. maintained. Since we caMot 
rule out core meltdown accident. in the 
foreaeeable future, given the current 
level of .afety, I believe It unwi.. not to 
eatabU.h an expectation on the 
performance of the final barrier to a 
•ub.tantial relea.. of radioactive 
material. to the environment. 8iven a 
core meltdown. 

General Performance GuideUne 

WhUe I have previou.ly .upported .n 
objective of reducing the riakl to .n •• 
Iowa. rea.on.bly .chiev.ble leveL the 
8ener.1 performance auldeline 
.rticula ted in thi. polley (I.e.. ". _ • the 
overall me.n frequency of. I.rge 
relea.e of radioactive materi.l. to the 
environment from. reactor accident 
.hould be lell than 1 iD 1,000,000 per 
)·ear of reactor operation.") I. a .ullable 

compromise. I believe itla an objc(;!ive 
that ia con.istent with the 
recommendation. of the Commission'. 
chief .afety officer .nd our Director of 
Research.•nd p••t urging. of the 
Advl.ory Committee on Reactor 
S.feguard•. Unfortunately, the 
Commission .topped .hort of adopting 
thi. guideline a•• performance 
objective In the policy .tatement, but I 
am encour.ged that the Commission is 
~..i11ing.t least to ex.mine the 
possibility of .dopting It. Achie\'ing .uch 
••t.ndard coupled with the 
containment perform.nce objective 
8iven above would go a long way 
toward ensuring thaI the operati"s 
reactors .ucce.sfully complete their 
useful live••nd that the nuclear option 
remain. a viable component of the 
n.tlon'. energy mix. 

In addition to preferrina adoption of 
thi••t.ndard now, I al.o believe the 
Commiaslon need. to define. "large 
rele••e" of radio.ctive m.terial•. I 
would have defined It a. ". releaae that 
would re.ult in • whole body dOle of 5 
rem to an Individu.llocated .t the .ite 
bound.ry." Thi. would be con.istent 
with the EPA'. emergency pl.Mlng 
Protective Action Cuidelinea .nd with 
the level propo.ed by the NRC .t.ff for 
defining .n Extraordinary Nuclear 
Occurrence under the Price-Anderaon 
Act. In .dopting .uch a definition. the 
Commillion would be .aying that it. 
objective I. to en.ure that there I. no 
more th.n • 1 In 1.000,000 chance per 
year th.t the public would have to be 
ev.cu.ted from the vicinity of. nucle.r 
reactor .nd that the w.lver of defen... 
provi.ion. of the Price-Ander.on Act 
would be invoked. I believe thi. to be .n 
.ppropriate objective in en.uring that 
there I. no undue ri.k to the public 
bealth .nd ••fety alloclated with 
nucle.r power. 

eo.t·BeDefit AD.I).... 

I believe It i. long overdue for tile 
Commillion to decide the .ppropriate 
w.y to conduct co.t-benefit .naly.... 
The Commillion'. own regulation. 
require theae analy..., which play • 
.ub.tantl.l role in the decl.lonm.king 
on ",hether to improve aafety. Yet, the 
Commillion continue. to po.tpone 
.ddrellina thi. fund.ment.II••ue. 

Future Rueton 

In my view, thi•••fety 80.1 policy 
.tatement h•• been developed with • 
.te.dy eye on the .pp.rent level of 
.afety already achieved by mo.t of 
operatina reacton. That level haa been 
.rrived at b~' • piecemeal approach to 
deaigning. con.tructlng and upgradina of 
the planta over the year. a. experience 
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wa. gained with the plant. and 81 the 
re.ult. 01 required re.earch became 
available. Given the performance 01 the 
current generation 01 plant•. I believe a 
.alety goal lor these plant. is not good 
enough for the luture. Thi. policy 
.tatement .hould have had a .eparate 
loal that would require .ub.tantially 
better plants lor the next leneration. To 
arlue that the level ol.alety achieved 
by plant designs that are over 10 years 
old i. good enough for the next 
gt:neration i. to have little faith in the 
ingenuity of engineera and in the 
putential for nuclear technoiosy. I would 
have required the next gt:neration of 
plllnt. to be .ub.tantial1y Iilfer thiln the 
currently operatins plant•. 

Separate View. of Commillioner 
Berath" 00 Safety GDiI. Policy 

I do not di.approve of what ha. been 
laid in thi. policy .tatement, but too 
much remain. unsaid. The public i. 
underatandably de.irou. of reassurance 
.ince Chemobyl: the NRC .t:iff need. 
clear ,uidance to carry out it. 
re.pon.lbilitie. to allure public health 
lind .afety; the nuclear indu.try need. to 
plan lor the future. All want and de.erve 
to .ee clear, unambilJUou,. practical 
.afety objectives that provide the 
Commillion'a an.wer to the que.tion. 
"How .afe i...Ie enoulhT' at U.s. 
nuclear power plant•. The queation 
remains unan.wered. 

It i. unrealistic for the Commission to 
expect that .ociety. for the foreseeable 
future, will judae nuclear power by the 
8ame .tandard a. it does all othllr riaka. 
The I.sue today i. not .0 much 
calculated risk; the issue i. public 
acceptance and. con.i.tent with the 
intent of Congres•• preaervlltion of the 
nuclear option. 

In these early decade. of nuclear 
power, TMJ-style Incident. mu.t be 
rendered .0 rare that we would expect 
to recount .uch an event only to our 
grandchildren. For today'. population of 
reactora, that implies a probability for 
.evere core damase 0110-· per reactor 
year; lor the longer tenn. It implie. 
.omething better. I ... thi. a. a 
.tralghtforward policy conclu.ion that 
every new.paper editor in the countJy 
underatand. only too weU. II the 
Commillion fail. to let (and realize) thl. 
objectlve, then the nuclear option will 
cea.. to be credible before the end of 
the century, In other worda, II TMl-.tyle 
event. were to occur with 10-15 year 
regularity, public acceptance 01 nuclear 
power would almo.t certainly fail, 

And while the Commis.ion'. primary 
charse I. to protect public healtb and 
.afety, III. al.o the clear intent 01 
Congres. that the Commillion, if 
pOllible, regulate In a way that 
preserve. rather than jeopardizes the 
nuclear option, So, for example. If the 
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Commiliion were to lind 100 percent 
confidence in .ome imperviou. 
containment de.lan. but ignored what 
was in.Ide the containment, the primary 
mandate would be .ali.fied, but In all 
likelihood, the .econd would not. 
Con.l.tent with the Commi••lon'. long. 
.tandin, defen.e-in-depth philo.ophy, 
both core-melt and containment 
performance criteria .hould therefore be 
clearly stated part. of the Comml••ion'. 
.afety goal•. 

In .hort, thi. pudding lack. a theme, 
Meaningful allurance to the public: 
.ubstantive ,uidance to the NRC .taff: 
the regulatory path to the future for the 
Indu.try-an the.e .hould be provided 
by plainly .tating that, con.l.tent with 
the Commlllion'. "defen.e-In-depth" 
philo.ophy: 

(1) Severe core-damage accidenw 
.hould not be expected. on average, to 
occur in the U.S. more than once In 100 
year.; 

(Z) Containment performance at 
nuclear power plant••hould be .uch 
that .evere accident. with .ub.tantlal 
off.lte damage. are not expected, on 
average, to occur in the U.S. more than 
once in 1,000 reara: 

(3) The 80a for orralte con.equence. 
Ihould be expected to be met after 
con.ervatlve conllderaUon of the 
uncertalntle. alloclated with the 
eatimated frequency olllvere core
damage and the e.Umated mitigation 
thereqfby contalnmenLI 

111e term ".ub.tantlal off.lle 
damage." would corre.pond to the 
Commia.lon'. legal definition 01 
"extraordinary nuclear occurrence." 
"Conservative con.ideration 01 
.s.ociated uncertaintie." .hould offer at 
least 90 percent confidence (typical good 
engineering judamen!. • would hope) 
that the off.lte relea.. 80all. meL 

The broad core-melt and off.lte
relea.. goal••hould be met "lor the 
average power plant": I,e., lor the 
aggregate 01 u.s. power planw, The 
decl.ion to fix or not to fix a .peclflc 
plant would then depend on achievin8 
"the goal lor off.lte con..quence.... As a 
practical matter, W. off.lte .ocIetal rI.k 
objective would (and mould) be 
.ignlficantly dependent on .lte-.peclflc 
population den.lty. 

The ab..nce of .uch explicit 
population denalty con.lderaUonaln the 
Commi••lon'.O.l percent '0&11 lor 

Ilnlo,..Ii"", enOUJh. IIae c:o-JeIlolI .... 
.dopled proJlOMd pie .11lI1l... to the .boft-. 
"'ell .nd con..h1_1 peri'_obtee"
wllboul d ••,I)' ..yI",_ Tuen 10000tJ., the 
Commilllon'.: (11 0.1 percenloRIiI. ,lVIIIpl,...ItI, 
'0.111; IZl proJlOMd 10-" per-1'NI:tDr~ .... 
offal" ....... crU.rlOD: (31 co_lI__ ... 
p"",ide _Dible ..._ .•. &bI& • _ 
core-d..... ICdcllllt wtlI __It • u.s. 
Ducleer plJl>W plam," thoUlh dM)' .., be III
den,,", ClD be _d to be _ ItrtIlllDl tIIaD the 
,I.IDI)' Nlod crU.... fllll"llod .bcM. 
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offlite con.equence. de.ervel carelul 
thought. I. It reuonable that Zion and 
Palo Verde. for example, be ..signed the 
.ame theoretical ".tandard peraon" ri.k, 
even though they po.e con.iderably 
different ri.k. for the U.S. population .. 
a whole? A. they .tand. the.e 0,1 
percent ,oall do not explicitly Include 
population demlty con.ideratlon.: a 
power plant could be located In Central 
Park and .till meet the Comml••lon'. 
quantitative off.ite relea.e .tandard. 

I believe the Commlllion'••tandard. 
.hould preaerve the Important principle 
that alte-apecific population den.lty be 
quantitatively conlldered In formulating 
the Commillion'••ocletal risk objective: 
e.g.• by requiring that for the entire U.S. 
population, the rI.k of fatal injury a. a 
conaequence of U.S, nuclear power plant 
operation••hould not exceed .ome 
appropriate .peclfied fraction of the .um 
of the expected ri.k ofCatallty from all 
other hazard. to which members of the 
U.S. population are generally expo.ed. 

I am lurther concerned by the 
arbitrary nature of the 0.1 percent 
Incremental ".ocletal" health ri.k 
.tandard adopted by the Commillion, a 
concept grounded In a purely aubjeclive 
a.se••ment of what the public might 
accept. The Comml••lon .hould 
..rlou.ly con.ider a mora rational 
.tandard, tled stati.tleally to the 
ave,age variation. In natural expo.ure 
to radiation from aU other .ourcea. 

Finally. a. noted in It. Introductory 
commen", the Comml••ion long 8g0 
committed to "move forward with an 
explicit policy .tatement on .afety 
philo.ophy and the role ol.afety-co.t 
tradeoff. in NRC .afety deci.lon.... 
While thl. policy .tatement may not be 
very "explicit", a. dl.cli...d above, It 
contain. nothintl at aU on the .ubjeet of 
.. 'aalety-eo.t' tradeolfa in NRC .afety 
decl.ion.... For example. i. 11.000 per 
peraon-rem an appropriate co.t-benefit 
.tandard lor NRC regulatory action? 
While 1have long arsued that .uch 
fundamental decl.lon. are more rightly 
the re.pomlbl1lty of Conpell. the NRC 
atalf continuea to u.e It. own ad-hoc 
judgment in lieu 01 either the 
Commiliion or the Congre•••peaking to 
the IlIue, 

In 'umm&J')', while the Com.mJllloD 
hal produced a document which II not 
In connict with my broad philo.ophy in 
.uch matters,. doubt that the public 
expected a philo.opblcal dillirtatlcm, 
however erudite. It I. a tribute to 
ChalrmaD Palladino'. effort. that the 
Comml••lon ha. come thl. far. But the 
ta.k remain. unfinl.hed, 
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UNITED STATES
 
NUCLEAR REGULATORY COMMISSION
 

ADVISORY COMMITIEE ON NUCLEAR WASTE
 
WASHINGTON. D.C. 20666
 

October 31, 1997 

The Honorabl, Shirley Ann Jackson 
Chairman 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 

Dear Chairman Jackson: 

SUBJECT:	 RECOMMENDATIONS REGARDING THE IMPLEMENTATION OF THE DEFENSE
IN-DEPTH CONCEPT IN THE REVISED 10 CFR PART 60 

This letter communicates the recommendations of the Advisory Committee on Nuclear Waste 
(ACNW) for adopting a revised approach to the existing subsystem performance criteria in 10 CFR 
Part 60, "Disposal of High-Level Radioactive Wastes in Geologic Repositories,· to implement the 
defense-in-depth (DID) concept. 

RECOM MENDATIONS 

1.	 The Committee endorses the concept of defense in depth, inclUding institutional as well as 
structural aspects. In particular, we recognize the benefit of multiple barriers of protection. 
The Committee recommends that sound principles be set forth guiding the implementation 
of the concept of defense in depth. The Committee, however, does not endorse the 
establishment of rule-based subsystem requirements as exist in 10 CFR Part 60. 

We believe that guidance will depend to a large extent on proper construction of a 
performance assessment (PA) to expose the role of design elements, operational elements, 
and multiple barriers, including interdependency of the multiple barriers. The regulations 
should be clear on how the DID concept should be implemented. The Department of Energy 
(DOE) (or any future license applicant) should be directed to furnish documentation that 
shows how the DID concept has been implemented in meeting the overall performance goal. 

2.	 The Committee recommends that NRC performance assessment procedures be structured 
so that the effectiveness of individual barriers can be identified explicitly in the total system 
performance. 

The PA should clearly expose the effectiveness and role of selected individual barriers such 
as the engineered systems and the natural geological setting. The assessment of individual 
barriers should include a quantification of the uncertainties involved and the inter
relationships among barriers. The Committee believes that there are methods for quantifying 
the role of individual engineered barriers and the containment capability of the natural setting. 
To achieve the capability to assess the effectiveness of individual barriers, both geological 
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and engineered, it may be necessary to modify the analysis methods, including the PA 
models, and to enhance the database to reveal the performance of individual barriers. The 
Committee also believes that exposure of the public to a PA process that is sufficiently 
transparent could lead to improved public confidence in the ability of the repository to isolate 
waste effectively. 

This letter is one in a series of letters to the Commission conveying the ACNWs views on aspects 
of the NRC staffs strategy for revising 10 CFR Part 60. Previous letters on the staffs strategy for 
revising 10 CFR Part 60 include "Issues and NRC Activities Associated with the National Research 
Council's Report, 'Technical Bases for Yucca Mountain Standards,' II February 9, 1996; "Time Span 
for Compliance of the Proposed High-Level Waste Repository at Yucca Mountain, Nevada,II June 
7, 1996; and the "Reference Biosphere and Critical Group Issues and Their Application to the 
Proposed HLW Repository at Yucca Mountain, Nevada," April 3, 1997. Our recommendations are 
formulated on the basis of presentations made to the Committee during the 90th, 91st, 92nd, and 
93rd meetings by the NRC staff, the DOE staff and its contractors, the State of Nevada, the National 
Research Council, and representatives from industry. as well as on the basis of the Commission's 
policy on risk-informed, performance-based regulation. 

The Nudear Waste Policy Act of 1982, as amended, mandates NRC to develop technical criteria for 
HLW disposal that are consistent with the Environmental Protection Agency (EPA) generic standards 
and provide for a system of multiple barriers. The Energy Policy Act of·1992 mandates that NRC 
conform its regulation to the final EPA standards for Yucca Mountain. the latter of which are to be 
based on and consistent with recommendations made by the National Academy of Sciences' 
Committee on Technical Bases for Yucca Mountain Standards (TBYMS). As directed by the 
Commission. the NRC staff is currently pursuing development of site-specific regulations for Yucca 
Mountain to implement the forthcoming EPA site-specific standards for Yucca Mountain. 

In this letter, the concept of DID refers to the methods of design, construction. and operation of a 
geological repository for HLW in ways that aim to ensure safety in the face of considerable 
uncertainty in our knowledge of various processes. The implementation of DID in the repository 
context entails an analysis that exposes the contribution of each design element. each process (or 
set of processes) in the natural geological setting, and each operational technique to the safety of 
the repository. The DID concept includes (but is not identical to) the notion of multiple barriers that 
act to isolate the waste. One of the major issues regarding regulation within the DID framework is 
whether and how prescriptive requirements (so-called subsystem requirements) should be placed 
on classes of these barriers. As discussed below. the Committee believes that the adoption of a 
risk-informed approach eliminates the need for prescriptive subsystem requirements for Yucca 
Mountain. 

The present form of 10 CFR Part 60 partly implements the DID approach by prescribing performance 
requirements of particular barriers.' As noted in the Statement of Considerations to 10 CFR Part 60, 
in addition to the natural barrier provided by the geological setting. this multiple barrier approach 
identifies two engineered barriers: the waste package and the underground facility. The Statement 
of Considerations notes that the multiple barrier concept is implemented by the performance 
objectives or requirements. as well as by more detailed siting and design criteria. The Committee 

·Paraphrasing the regulation, the perfonnance requirements specify substantially complete containment of waste 
packages fc.- 300 to l.fXXJ years after pennanent closure. release rates ofradionuclides from the engineered barrier system 
less than one part in 1OO,fXXJ per year at l.OOO years after closure. and a prewaste-emplacement groundwater travel time 
ofat least l.OOO years. 
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recognizes that inclusion of the quantitative subsystem performance requirements in the rule was 
thought to provide additional confidence to compensate for uncertainties associated with predicting 
the behavior of a repository over thousands of years and for the general lack of experience and 
confidence in analyzing repository performance. 

The Committee supports the NRC's view expressed in the Statement of Considerations to 10 CFR 
Part 60 that the performance of the engineered portion of the repository and the geological system 
must each make a definite contribution to waste isolation. The Committee recognizes the need for 
reliance on multiple and diverse barriers as part of the DID concept. However, we do not endorse 
the implementation of the DID concept through inclusion of prescriptive subsystem criteria in the 
revised 10 CFR Part 60. 

Current thinking, which is supported by much experience and empirical evidence in both probabilistic 
performance assessment and site characterization is that performance-based regulations are much 
more efficient and effective in protecting health, safety, and the environment than are 
"command-and-control" approaches. Focusing on quantitative subsystem requirements for the 
proposed repository at Yucca Mountain would run counter to this thinking because it potentially could 
force a design that would increase overall risk even though all subsystem requirements were met. 
A hypothetical example may clarify: a requirement that backfill in the repository be capable of 
substantially retaining all radionuclides leached from the waste package for 1000 years might be 
imposed. Such a requirement, which on the surface could be seen as beneficial, might force a 
design that would diminish significantly the lifetime of the waste canister by changing geochemical 
conditions in the near field. The outcome could be an increased risk to affected populations relative 
to a repository without backfill. It is this type of potentially adverse effect from subsystem 
requirements that an overall performance-based regulation would avoid. Consideration of such 
hypothetical examples supports our main conclusion that an overall performance-based regulation 
in the context of a risk-based standard is a superior tool for promoting safety relative to imposed 
subsystem requirements. 

A major problem with the current version of 10 CFR 60.113, ·Performance of Particular Barriers After 
Permanent Closure," which prescribes performance of particular barriers, is that it is not clear just 
how relevant any subsystem performance requirement is to the overall safety performance of the 
repository. Furthermore, in the analysis of repository performance, interdependency of barriers 
makes it difficult to assess precisely the role of individual barriers. For example, the assumed rate 
of percolation of water through the repository affects the performance of all subsystems. The 
connection between barrier performance and overall performance is very site- and design-specific. 
Prescribing individual barrier performance may create a design that is imbalanced in terms of 
individual barrier effectiveness. Subsystem requirements may also result in very poor designs from 
an economic standpoint. The ACNWs view is consistent with the TBYMS report, which cautioned 
against imposing subsystem requirements that may inadvertently result in a suboptimal repository 
design. 

The primacy of an overall performance-based regulation does not imply that DOE, as the license 
applicant for Yucca Mountain, would not have to demonstrate convincingly to the NRC that both the 
geological system and multiple aspects of the engineered system were effective in providing waste 
isolation capacity. The NRC should insist that the applicant's PA clearly and quantitatively indicates 
how each barrier contributes to meeting the overall safety objective. This information should provide 
the basis for an informed decision on the license application. 
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The approach that we recommend offers many advantages over prescriptive subsystem 
requirements. First. it allows taking maximum advantage of site- and design-specific properties and 
features. Second, it is a clear example of risk-informed, performance-based regulation. The 
important contributors to risk can be ranked, thus providing a basis for prioritizing design changes 
and risk management activities. Third, it clarifies the degree of dependence of overall repository 
performance on individual barriers. In a sense, the safety margins of the various barriers are made 
more explicit through quantification. 

Sincerely, 

B. John Garrick 
Chairman 
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U.S. NUCLEAR REGULATORY COMMISSION	 July 1998 

REGULATORY GUIDE 
OFFICE OF NUCLEAR REGULATORY RESEARCH 

REGULATORY GUIDE 1.174 
(Draft was issued as DG-1061) 

AN APPROACH FOR USING PROBABILISTIC RISK ASSESSMENT
 
IN RISK-INFORMED DECISIONS
 

ON PLANT-SPECIFIC CHANGES TO THE LICENSING BASIS
 

1. PURPOSE AND SCOPE 

1.1	 lNTRODUcrION 

The NRC's policy statement on probabilistic risk 
assessment (PRA) (Ref.·l) encourages greater use of 
this analysis technique to improve safety decisionmak
ingand improve regulatory efficiency. The NRCstaff's 
PRAImplementation Plan (Ref. 2) describes activities 
nowunderway or planned to expand this use. These ac
tivities include, for example, providing guidance for 
NRC inspectors on focusing inspection resources on 
risk-important equipment, as well as reassessing plants 
with relatively high core damage frequencies for pos
sible backfits. 

Another activity under way in response to the 
policy statement is using PRA to support decisions to 
modify an individual plant's licensing basis (LB).1 
This regulatory guide provides guidance on the use of 
PRAfindings andrisk insights insupport oflicensee re
quests for changes to a plant's LB, as in requests for li
cense amendments and technical specification changes 
under Sections 50.9Q-920flO CPR Part SO, "Domestic 

1Theseare modificationstoaplant'sdesign, operation,or otheractivi

ties that require NRC approval. These modifications a>uld include
 
items such as exemption requests under 10 CFR 50.11 and license
 
amendments under 10 CFR 50.90.
 

Ucensing of Production and Utilization Facilities." It 
does not address licensee-initiated changes to the LB 
that do NOT require NRC review and approval (e.g., 
changes to the facility as described in the final safety 
analysis report (FSAR), the subject of 10 CPR 50.59). 

Ucensee-initiated LB changes that are consistent 
with currently approved staffpositions (e.g., regulatory 
guides, standard review plans, branch technical posi
tions, orthe StandardTechnical Specifications) are nor
mally evaluated by the staffusing traditional engineer
ing analyses. A licensee would not be expected to 
submit risk information in support of the proposed 
change. 

licensee-initiated LB change requests that go be
yond current staff positions may be evaluated by the 
staff using traditional engineering analyses as well as 
the risk-informed approach set forth in this regulatory 
guide. A licensee may be requested to submit supple
mental risk information ifsuch information is not sub
mitted by the licensee. If risk information on the pro
posed LB change is not provided to the staff, the staff 
will review the information providedby the licensee to 
determine whether the application can be approved. 
Based on the information provided, using traditional 

USNRC REGULATORY GUIDES 
ReguIaIcry Guides are issued lD describe lItlCIlIIIIke Il'i8ilIIble lD ltle public such ~ 
lion as melhcds JKX:eI)Iable lD ltle NRC staff for implementing spec;Iic PBI'lS oIltle C0m
mission's regulalions.lllC:MqU8S used byltlestaff in evalUlIling specific problems orpos
1uI8led lICOdenlS, lItlCI _ needed by ltle NRC SI8If in iIs _ oIllPPIie:lllions fer per. 
mils and licenses. Regulalory guides are not subsliluIes fer regul8lions, lItlCI compIilll'lCe 
with 1hetn is not required. MllltlodslltlCl soIU1ions diflenlntfrom!hose lI8l DUI in ltleguides 
will be accepl8b1e ~ lhey P<'QVide. basis for ltle findings '*IUisile lD!he -.....- or c0n
tinuance 01. plmlil or ~ by ltle Conmisaion. 

This guide was issued after ~on 01 comments received from ltle public. Com
_lItlCI suggestionsfor improvements in Ihese guidesare lltlCClUnIged til all times, and 
guides will be revised, as llPPropri8le, lD accomrnodlllB comments and lD reIIact .- in
formalionor--. 

WrilIen c:omments may be submiIIed lD ltle FluIes R..- and DinlcIivas 8Iwlc:h, ADM, 
US. NudBar ReguI8lDry Ccmrnission, wastington. DC 20555-0001. 

1. F'owIIr~ 6. ProdUClS 
2. ~and Tesl~ 7. TIW\SPCWlIIlion 
3. Fuels lItlCI_ Facilities 8. OccupaIional_ 
<4. ErMrcnrnenlBI and Siting 8. AnIilrust lItlCI FlIl&nCiaI AewiIIw 
5. _lItlCI Plant ProlecIiOn 10. GaneraI 

Single copies 01 "",WIIay guides may be obIained free 01 etIarge by -..g ltle Aepro. 
ducIion lItlCI Dislribution S8rvices 5ecIion, 0tIice 0I1heCtiellnlolmalion OfIic«, U.S. Nu
__ RegUl8lDry Commission, Wast>n;lon. DC 20555-0001; orby lax til (301}41~ 

or by _Ito GRW1@NRC.GOV. 

_	 guides may also be purchased from ltle Nalional TectncallnfonnIIIion Serviceon 
• standing ordw basis. Details on1IlisS8'\rice may be oblained by-..gNTIS, 5285 Port 
Royal Reed, SpringtieIcI, VA 22181. 



methods, the NRC staffwill either approve or reject the staff practices. Where appropriate, PRA 
application. should be used to support the proposal of 

• 
This regulatory guide describes an acceptable 

method for assessing the nature and impact of LB 
changes by a licenseewhen the licensee chooses to sup
port (or is requested by the staff to support) these 

• 

changes with risk information. The NRC staff would 
review these changes by considering engineering is
sues and applying risk insights. licensees submitting 
risk information (whether on their own initiative or at 
the request of the staff) should address each of the prin
ciples ofrisk-informed regulation discussed in this reg
ulatory guide. licensees should identify how their cho
sen approaches and methods (whether quantitative or 
qualitative, deterministic or probabilistic), data, and 
criteriafor considering risk are appropriate for the deci
sion to be made. 

The guidance provided here does not preclude 
other approaches for requesting changes to the LB. 
Rather, this regulatory guide is intended to improve 
consistency in regulatory decisions in areas in which 
the results ofrisk analyses are used to help justify regu
latory action. As such, the principles, process, and ap
proach discussed herein also provide useful guidance 
for the application ofrisk informationto a broaderset of 
activities than plant-specific changes to a plant's LB 
(i.e., generic activities), and licensees are encouraged 
to use this guidance in that regard. 

1.2 BACKGROUND 

During the last several years, both the NRC and the 
nuclear industry have recognized that PRA has evolved 
to the point that it can be used increasingly as a tool in 
regulatory decisionmaking. In August 1995, the NRC 
adopted the following policy statement (Ref. 1) regard
ing the expanded use of PRA. 

•	 The use of PRA technology should be in
creased in all regulatory matters to the ex
tent supported by the state of the art in 
PRA methods and data and in a manner 
that complements the NRC's determinis
tic approach and supports the NRC's 
traditional defense-in-depth philosophy 

•	 PRA and associated analyses (e.g., sensi
tivity studies, uncertainty analyses, and 
importance measures) should be used in 
regulatorymatters, where practicalwithin 
the bounds ofthe state of the art, to reduce 
unnecessary conservatism associated 
with current regulatory requirements, reg

additional regulatory requirements in ac

cordance with 10 CFR 50.109 (Backfit )
 
Rule). Appropriate procedures for includ

ing PRAin the process for changing regu

latory requirements should be developed
 
and followed. It is, of course, understood
 
that the intent ofthis policy is that existing
 
rules and regulations shall be complied
 
with unless these rules and regulations are
 
revised.
 

•	 PRA evaluations in support of regulatory
 
decisions should be as realistic as practi

cable and appropriate supporting data
 
should be publicly available for review.
 

•	 The Commission's safety goals for nu

clearpowerplants and subsidiary numeri

cal objectives are to be used with
 
appropriate considerationofuncertainties
 
in making regulatory judgments on need
 
for proposingand backfitting new generic
 
requirements on nuclear power plant
 
licensees.
 

In its approval of the policy statement, the Com
mission articulated its expectation that implementation 
ofthe policy statementwill improve the regulatory pro
cess in three areas: foremost, through safety decision
making enhanced by the use of PRA insights; through 
more efficient use of agency resources; and through a 
reduction in unnecessary burdens on licensees. 

In parallel with the publication of the policy state
ment, the staffdeveloped an implementationplan to de
fine and organize the PRA-related activities being un
dertaken (Ref. 2). These activities covera wide range of 
PRA applications and involve the use of a variety of 
PRA methods (with variety including both types of 
models used and the detail of modeling needed). For 
example, one application involves the use of PRA in 
the assessment of operational events in reactors. The 
characteristics of these assessments permit relatively 
simple PRA models to be used. In contrast, other ap
plications require the use of detailed models. 

The activities described in the PRA Implementa
tion Plan (Ref. 2), whichis updated quarterly, relate to a 
number of agency interactions with the regulated in
dustry. With respect to reactor regulation, activities in
clude, for example, developing guidance for NRC in J 
spectors on focusing inspection resources on 

• 
ulatory guides, license commitments, and risk-important equipment and reassessing plants with 
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relatively high core-damage frequencies (CDF) for guidelines for evaluating the results of such assess
possible backfit. ments are provided. 1bis guide also addresses imple

L lbis regulatory guide focuses on the use ofPRAin 
a subset of the applications described in the staff's im
plementation plan. Its principal focus is the use ofPRA• findings and risk insights in decisions on proposed 
changes to a plant's LB. 

lbis regulatory guide also makes use of the NRC's 
Safety Goal Policy Statement (Ref. 3). As discussedbe
low, one key principle in risk-informed regulation is 
that proposed increases in CDF and risk are small and 
are consistent with the intent of the Commission's 
Safety Goal Policy Statement. The safety goals (and as
sociated quantitative health objectives (QHOs)) define 
an acceptable level ofrisk that is a small fraction (0.1%) 
ofother risks to which the public is exposed. The accep
tance guidelines defined in this regulatory guide (in 
Section 2.2.4) are based on subsidiary objectives de
rived from the safety goals and their QHOs. 

1.3 PURPOSE OF THIS REGULATORY GUIDE 

(

• 

Changes to many of the activities and design char
acteristics in a nuclear power plant's LB require NRC 
review and approval. lbis regulatory guide provides 
the staff's recommendations for using risk information 
in support of licensee-initiated LB changes requiring 
such review and approval. The guidance provided here 
does not preclude other approaches for requesting LB 
changes. Rather, this regulatory guide is intended to 
improve consistency in regulatory decisions in areas in 
which the results ofriskanalyses are used to helpjustify 
regulatory action. As such, this regulatory guide, the 
use of which is voluntary, provides general guidance 
concerning one approach that the NRC has determined 
to be acceptable for analyzing issues associated with 
proposed changes to a plant's LB and for assessing the 

. impact ofsuch proposed changes on the risk associated 
with plant design and operation. 1bisguidance doesnot 
address the specific analyses needed for each nuclear 
powerplantactivity ordesign characteristicthatmaybe 
amenable to risk-informed regulation. 

1.4	 SCOPE OF THIS REGULATORY GUIDE 

lbis regulatory guide describes an acceptable ap
proach for assessing the nature and impact ofproposed 
LB changes by considering engineering issues and ap
plying risk insights. Assessments should consider rele
vant safety margins and defense-in-depth attributes, in
cluding consideration of success criteria as weD as(	 equipment functionality, reliability, and availability. 
The analyses should reflect the actual design, construc
tion, and operational practices of the plant. Acceptance 

mentationstrategies andperformance monitoringplans 
associated with LB changes that will help ensure that 
assumptions and analyses supporting the change are 
verified. 

Consideration of the Commission's Safety Goal 
Policy Statement (Ref. 3) is an important element in 
regulatory decisionmaking. Consequently, this regula
tory guide provides acceptance guidelines consistent 
with this policy statement. 

In theory, one could construct a more generous reg
ulatory framework for consideration of those risk
informed changes that may have the effect ofincreasing 
risk to the public. Such a framework would include, of 
course, assurance of continued adequate protection 
(that level of protection of the public health and safety 
thatmustbe reasonably assuredregardless ofeconomic 
cost). But it could also include provision for possible 
elimination of all measures not needed for adequate 
protection, which either do not effect a substantial re
duction in overall risk or result in continuing costs that 
are not justified by the safety benefits. Instead, in this 
regulatory guide, the NRC has chosen a more restric
tive policy that would permit only small increases in 
risk, and then only when it is reasonably assured, 
among other things, that sufficient defense in depth and 
sufficient margins are maintained. 1bis policy is 
adopted because ofuncertainties and to account for the 
fact that safety issues continue to emerge regarding de
sign, construction, and operational matters notwith
standing the maturity of the nuclear power industry. 
These factors suggest that nuclear power reactors 
should operate routinely only at a prudent margin above 
adequate protection. The safety goal subsidiary objec
tives are used as an example of such a prudent margin. 

Finally, this regulatory guide indicates an accept
able level ofdocumentation that wiD enable the staffto 
reach a finding that the licensee has performed a suffi
ciently complete and scrutable analysis and that the re
sults of the engineering evaluations support the licens
ee's request for a regulatory change. 

1.5	 RELATIONSHIP TO OTHER GUIDANCE 
DOCUMENTS 

Directly relevant to this regulatory guide is the 
Standard Review Plan (SRP) designed to guide the 
NRCstaffevaluations oflicensee requests for changes 
to the LB that apply risk insights (Ref. 4), as well 
as guidance that is being developed in selected 
application-specific regulatory guides and the corre

• 
sponding standard review plan chapters. Related 
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regulatory guides are being developed on inservice encouraged to be, used to help ensure and show that 

• 
testing, inservice inspection, graded quality assurance, 
and technical specifications (Refs. 5-8). An NRC con
tractor report (Ref. 9) is also available that provides a 
simple screening method for assessing one measure 
used in the regulatory guide-large early release fre

these principles are met. These principles are: 

1.	 The proposed change meets the current regulations 
unless it is explicitly related to a requested exemp
tion or rule change, i.e., a "specific exemption" un
der 10 CFR 50.12 or a "petition for rulemaking" 

quency. The staffrecognizes that the risk analyses nec
essary to support regulatory decisionmaking may vary 
with the relative weight that is given to the risk assess
ment element of the decisionmaking process. The bur
den is on the licensee who requests a change to the LB 
to justify that the chosen risk assessment approach, 
methods, and data are appropriate for the decision to be 
made. 

The information collections contained in this regu
latory guide are covered by the requirementsof10CFR 
Part 50, which were approved by the Office ofManage
ment and Budget, approval number 3150-0011. The 
NRC may not conduct or sponsor, and a person is not 
required to respond to, a collection of information un
less it displays a currently valid OMB control number. 

2.	 AN ACCEPI'ABLE APPROACH TO 
RISK-INFORMED DECISIONMAKING 

• 
In its approval ofthe policy statement on the use of 

PRA methods in nuclear regulatory activities (Ref. 1), 
the Commission stated an expectation that ''the use of 
PRA technology should be increased in all regulatory 
maners..in a manner that complements the NRC's de
terministic approach and supports the NRC's tradi
tional defense-in-depth philosophy."The use ofrisk in
sights in licensee submittals requesting LB changes 
will assist the staff in the disposition of such licensee 
proposals. 

The staff has defined an acceptable approach to 
analyzing and evaluating proposed LB changes. This 
approach supports the NRC's desire to base its deci
sions on the results of traditional engineering evalua
tions, supported by insights (derived from the use of 
PRA methods) about the risk significance of the pro
posed changes. Decisions concerning proposed 
changes are expected to be reached in an integrated 
fashion, considering traditional engineering and risk 
information, and may be based on qualitative factors as 
well as quantitative analyses and information. 

In implementing risk-informed decisionmaking, 
LB changes are expected to meet a set ofkey principles. 
Some of these principles are written in terms typically 

under 10 CFR 2.802. 

2.	 The proposed change is consistent with the 
defense-in-depth philosophy. 

3.	 The proposed change maintains sufficient safety 
margins. 

4.	 When proposed changes result in an increase in 
core damage frequency orrisk, the increases should 
be small and consistent with the intent ofthe Com
mission's Safety Goal Policy Statement (Ref. 3).2 

5.	 The impact ofthe proposed change should be mon
itored using performance measurement strategies. 

Each of these principles should be considered in 
the risk-informed, integrated decisionmaking process, 
as illustrated in Figure 1. 

The staff's proposed evaluation approach and ac
ceptance guidelines follow from these principles. In 
implementing these principles, the staff expects that: 

•	 All safety impacts ofthe proposed change are eval
.uated in an integrated manner as part of an overall 
risk management approach in which the licensee is ) 
using risk analysis to improve operational and en
gineeringdecisionsbroadly by identifying and tak
ing advantage of opportunities to reduce risk, and 
notjust to eliminate requirements the licensee sees 
as undesirable. For those cases when risk increases 
are proposed, the benefits should be described and 

.should be commensuratewith theproposed risk in

creases. The approach used to identify changes in
 
requirements should be used to identify areas
 
where requirements should be increased3 as well as
 
where they can be reduced.
 

•	 The scope and quality of the engineering analyses 
(including traditional and probabilistic analyses) 
conducted to justify the proposed LB change 
should be appropriate for the nature and scope of 
the change, should be based on the as-built and as
operated and maintained plant, and should reflect 
operating experience at the plant. 

2For purposes of this guide, a proposed LB change that meets the ac

ceptance guidelines discussed in Section 2.2.4 is considered to have
 
met the intent of the policy statemenL
 

• 
used in traditional engineering decisions (e.g., defense 

:!The NRC staffis aware ofbut does not endorse guidelines that havein depth). While written in these terms, it should be un been developed (e.g., byNEllNUMARq to assist in identifyingp0
derstood that risk analysis techniques can be, and are tentially beneficial changes to requirements. 
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Figure 1. Principles of Risk-Informed Integrated Decisionmaking 

I. Chang. meeu currall 
reguJaticm ucI..s it is 
explicitly related to a 
requested exemption or 
lUI. c:bang•. 

s. Use pafll'JllllDCO" 
meauremetlt 
llJ8lcgies tomcaitor 
1bec:bqe. 

•	 The plant-specific PRA supporting the licensee's 
proposals has been subjected to quality controls 
such as an independent peer review or certifica
tion.4 

•	 Appropriate consideration of uncertainty is given 
in analyses and interpretation of findings, includ
ing using a program of monitoring, feedback, and 
corrective action to address significant uncertain
ties. 

• The use ofcore damage frequency (COF) and large 
early release frequency (LERF)5 as bases for PRA 
acceptance guidelines is an acceptable approach to 
addressing Principle 4. Use of the Commission's 
Safety Goal QHOs in lieu ofLERFis acceptable in 
principle, and licensees may propose their use. 
However, in practice, implementing such an ap
proach would require an extension to a Level 3 
PRA, in which case the methods and assumptions 
used in the Level 3 analysis, and associated uncer
tainties, would require additional attention. 

4As discussed in Section 2.2.2 below, such a peer review or certifica
tion is notareplacementfor NRCreview. Certification isdefinedasa 
mechanism for assuring that a PRA, and the process of developing 
and maintaining that PRA, meets a set of technical standards estab
lished by a diverse group of personnel experienced in developing 
PRA models, performing PRAs, and performing quality reviews of 
PRAs. Suchaprocess hasbeen developed and integrated with apeer 
review process by, for example, the BWR Owners Group and imple
mented for the purpose ofenhancing the quality ofPRAs at several 
BWR facilities. 

SIn thiscontext, LERFisbeingusedas asurrogatefor theearlyfatality 
QHO. Itisdefined as thefrequency of those accidents leading to sig
nificant,unmitigatedreleasesfrom containmentin atimeframeprior 
to effective evacuation of the close-in population such that there is a 
potentialforearlyhealtheffects. Suchao::identsgeneraIlyincludeun

• 
( scrubbed releases associated with early isolation. This definition is 

consistentwithaccidentanalysesused in the safetygoal screeningcri
teria discussed in the Commission's regulatory analysis guidelines. 

.An NRCcontraetor's repon(Ref. 9)descnbes asimple screeningap
proach for calculating LERF. 

2. Cba:!¥:e is consistan 
with aereme-in-depth
philosophy. 

3. MainraiD sufficiem 
safety uwpm. 

4. Proposed iacreaxs il:l 
CDF at risk ~ small 
lDdare caDiste:llt wiIb 
the Commission's SafetY 
Gaol Policy StaIIOment. 

•	 Increases in estimated COF and LERF resulting 
from proposed LB changes will be limited to small 
increments. The cumulative effect ofsuchchanges 
should be tracked and considered in the decision 
process. 

•	 The acceptability of proposed changes should be 
evaluated by the licensee in an integrated fashion 
that ensures that all principles are met.6 

•	 Data, methods, and assessment criteriaused to sup
port regulatory decisionmaking mustbe well docu
mented and available for public review. 

Given the principles of risk-informed decision
making discussed above, the staff has identified a four
element approach to evaluating proposed LB changes. 
This approach, which is presented graphically in Fig
ure 2, acceptably supports the NRC's decisionmaking 
process. This approach is not sequential in nature; 
rather it is iterative. 

2.1	 ELEMENT 1: DEFINE THE PROPOSED 
CHANGE 

Element 1 involves three primary activities. First, 
the licensee should identify those aspects of the plant's 
licensing bases that may be affected by the proposed 
change, including but not limited to rules and regula
tions, final safety analysis report (FSAR), technical 
specifications, licensing conditions, and licensing 
commitments. Second. the licensee should identify all 

60ne imponant element ofintegrated decisionmaking can bethe use 
ofan "expen panel." Such a panel is not a necessary component of 
risk-informed decisionmaking;butwhen it isused, the key principles 
and associateddecisioncriteriapresentedinthisregulatoryguidestiIl 
apply and must be shown to have been met or to be irrelevant to the 
issue at hand. 
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Figure 2. Principal Elements of Risk
Informed, Plant-Specific Decisionmaking -

structures, systems, and components (SSCs), proce
dures, and activities that are covered by the LB change 
being evaluated and should consider the original rea
sons for including each program requirement. 

• 

When considering LB changes, a licensee may 
identify regulatory requirements orcommitments in its 
LB that it believes are overly restrictive or unnecessary 
to ensure safety at the plant. Note that the corollary is 
also true; that is, licensees are also expected to identify 
design and operational aspects of the plant that should 
be enhanced consistent with an improved understand
ing of their safety significance. Such enhancements 
should be embodied in appropriate LB changes that re
flect these enhancements. 

Third, with this staff expectation in mind, the li
censee should identify available engineering studies, 
methods, codes, applicable plant-specificand industry 
data and operational experience, PRAfindings, and re
search and analysis results relevant to the proposed LB 
change. With particular regard to the plant-specific 
PRA, the licensee should assess the capability to use, 
refine, augment, and update system models as needed 
to support a risk assessment ofthe proposed LB change. 

The above information should be used collectively 
to describe the LB change and to outline the method of 
analysis. The licensee should describe the proposed 
change and how it meets the objectives of the NRC's 
PRAPolicy Statement (Ref. 1), includingenhancedde
cisionmaking, more efficient use of resources, and re
duction ofunnecessary burden. In addition to improve
ments in reactor safety, this assessment may consider 
benefits from the LB change such as reduced fiscal and 
personnel resources and radiation exposure. The 
licensee should affirm that the proposed LB change 
meets the current regulations unless the proposed 

50.12 or a "petition for rulemaking" under 10 CFR 
2.802). 

2.1.1	 Combined Change Requests 

licensee proposals may include several individual 
changes to the LB that have been evaluated and will be 
implemented in an integrated fashion. The staffexpects 
that, with respect to the overall net change in risk, com
bined change requests (CCRs) will fall in one of two 
broad categories, each of which may be acceptable: 

1.	 CCRs in which any individual change increases 
risk; 

2.	 CCRs in which each individual change decreases ),;
risk. 

In the first category, the contribution of each indi
vidual change in the CCR must be quantified in the risk 
assessment and the uncertainty of each individual 
change must be addressed. For CCRs in the second 
category, qualitative analysis may be sufficient for 
some or all individual changes. Guidelines for use in 
developing CCRs are discussed below. 

2.1.2	 Guidelines for Developing CCRs 

The changes that make up a CCR should be related 
to one another, for example, by affecting the same 
single system or activity, by affecting the same safety 
function or accident sequence orgroup ofsequences,or 
by being of the same type (e.g., changes in outage time 
allowed by technical specifications). However, this 
does not preclude acceptance of unrelated changes. 
When CCRs are submitted to the NRC staff for review, 
the relationships among the individual changes and 
how they have been modeled in the risk assessment 
should be addressed in detail, since this will control the 
characterization ofthe net result ofthe changes. licen
sees should evaluate not only the individual changes 
but also the changes taken together against the safety 

• 
change is explicitly related to a proposed exemption or principles and qualitative acceptance guidelines inSec
rule change (i.e., a "specific exemption" under 10 CFR tions 2 and 2.2.1, respectively, of this regulatory guide. 
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In addition, the acceptability of the cumulative impact 
of the changes that make up the CCRwith respect to the 
quantitative acceptance guidelinesdiscussed inSection 
2.2.4 of this guide should be assessed. 

In implementing CCRs in the first category, it is 
expected that the risk from significant accident se
quences will not be increased and that the frequencies 
of the lower ranked contributors will not be increased 
so that they become significant contributors to risk. It is 
expected that no significant new sequences or cutsets 
will be created. In assessing the acceptability ofCCRs, 
(1) risk increases related to the more likely initiating 
events (e.g., steam generator tube ruptures) should not 
be traded against improvements related to unlikely 
events (e.g., earthquakes) even if, for instance, they in
volve the same safety function, and (2) risk should be 
considered in addition to likelihood. The staff also ex
pects that CCRs will lead to safety benefits such as sim
plifying plant operations or focusing resources on the 
most important safety items. 

Proposed changesthat modify one or more individ
ual components of a previously approved CCR must 
also address the impact on the previously approved 
CCR. Specifically, the question to be addressed is 
whether the proposed modification would cause the 

•
( previously approved CCR to not be acceptable. If the 

answer is yes, the submittal should address the actions 
the licensee is taking with respect to the previously ap
provedCCR. 

2.2 Element 2: Perform Engineering Analysis 

c 

The staff expects that the scope and quality of the 
engineering analyses conducted to justify the proposed 
LB change will be appropriate for the nature and scope 
of the change. The staff also expects that appropriate 
consideration will be given to uncertainty in the analy
sis and interpretation of findings. The licensee is ex
pected to usejudgmenton the complexity and difficulty 
of implementing the proposed LB change to decide 
upon appropriate engineering analyses to support regu
latory decisionmaking. Thus, the licensee should con
sider the appropriateness ofqualitative and quantitative 
analyses, as well as analyses using traditional engineer
ing approaches and those techniques associated with 
the use of PRA findings. Regardless of the analysis 
methods chosen, the licensee must show that the prin
ciples set forth in Section 2 have been met through the 
use of scrutable acceptance guidelines established for 
making that determination. 

Some proposed LB changes can be characterized 
as involving the categorization of SSCs according to 

safety significance. An example is grading the applica
tion of quality assurance controls commensurate with 
the safety significance of equipment. Like other ap
plications, the staff's review of LB change requests for 
applications involvingsafety categorization will be ac
cording to the acceptance guidelines associated with 
each key principle presented in this regulatory guide, 
unless equivalent guidelines are proposed by the li
censee. Since risk importance measures are often used 
in such categorizations, guidance on their use is pro
vided in Appendix A to this regulatory guide. Other 
application-specific -guidance documents address 
guidelines associated with the adequacy of programs 
(in this example, quality controls) implemented for dif
ferent safety-significant categories (e.g., more safety 
significant and less safety significant). Ucensees are 
encouraged to apply risk-informed findings and in
sights to decisions (and potential LB requests). 

As part of the second element, the licensee will 
evaluate the proposed LB change with regard to the 
principles that adequate defense-in-depth is main
tained, that sufficient safety margins are maintained, 
and that proposed increases in core damage frequency 
and risk are small and are consistent with the intent of 
the Commission's Safety Goal Policy Statement. 

2.2.1	 Evaluation of Defense-in-Depth Attributes 
and Safety Margins 

One aspect of the engineering evaluations is to 
show that the fundamental safety principles on which 
the plant design was based are not compromised. De
sign basis accidents (DBAs) playa central role in nu
clear power plant design. DBAs are a combination of 
postulated challenges and failure events against which 
plants are designed to ensure adequate andsafeplant re
sponse. During the design process, plant response and 
associated safety margins are evaluated using assump
tions that are intended to be conservative. National 
standards and other considerations such as defense-in
depth attributes and the single failure criterion consti
tute additional engineering considerations that influ
ence plant design and operation. Margins and defenses 
associatedwith these considerationsmay be affectedby 
the licensee's proposed LB change and, therefore, 
should be reevaluated to support a requested LB 
change. Aspart ofthis evaluation, the impact ofthe pro
posed LB change on affected equipment functionality, 
reliability, and availability should be determined. 

2.2.1.1 Defense in Depth 

The engineering evaluation should evaluate 
whether the impact of the proposed LB change (indi

• vidually and cumulatively) is consistent with the 
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defense-in-depth philosophy. In this regard, the intent • Independence of barriers is not degraded. 

•
 
of the principle is to ensure that the philosophy of de

fense in depth is maintained, not to prevent changes in
 
the way defense in depth is achieved. The defense-in

depth philosophy has traditionally been applied in reac


•
 

tor design and operation to provide multiple means to
 
accomplish safety functions and prevent the release of
 
radioactive material. It has been and continues to be an
 
effective way to account for uncertainties in equipment
 
and human performance. If a comprehensive risk anal

ysis is done, it can be used to help determine the ap

propriate extent of defense in depth (e.g., balance
 
among core damage prevention, containment failure,
 
and consequen~ mitigation) to ensure protection of
 
public health and safety. When a comprehensive risk
 
analysis is not orcannot be done, traditionaldefense-in

depth considerations should be used or maintained to
 
account for uncertainties. The evaluation should con

sider the intent of the general design criteria, national
 
standards, and engineering principles such as the single
 
failure criterion. Further, the evaluation should consid

er the impact of the proposed LB change on barriers
 
(both preventive and mitigative) to core damage,
 
containment failure or bypass, and the balance among
 
defense-in-depth attributes. As stated earlier, the li

censee should select the engineering analysis tech

niques, whether quantitative or qualitative, traditional
 
or probabilistic, appropriate to the proposed LB
 
change.
 

The licensee should assess whether the proposed 
LB change meets the defense-in-depth principle.· De
fense in depth consistsofa numberofelements, as sum
marized below. These elements can be used as guide
lines for making that assessment. Other equivalent 
acceptance guidelines may also be used. 

Consistency with the defense-in-depth philosophy 
is maintained if: 

•	 A reasonable balance is preserved among preven
tion of core damage, prevention of containment 
failure, and consequence mitigation. 

•	 Over-reliance on programmatic activities to com
pensate for weaknesses in plant design is avoided. 

•	 System redundancy, independence, and diversity 
are preservedcommensurate with the expectedfre
quency, consequences ofchallenges to the system, 
and uncertainties (e.g., no risl!' outliers). 

•	 Defenses against potential common cause failures 

•	 Defenses against human errors are preserved. 

•	 The intent ofthe General Design Criteria inAppen ) 
dix A to 10 CFR Part 50 is maintained. 

2.2.1.2 Safety Margins 

The engineering evaluation should assess whether 
the impactofthe proposed LB change is consistent with 
the principle that sufficient safety margins are main
tained. Here also, the licensee is expected to choose the 
methodofengineeringanalysis appropriate forevaluat
ing whether sufficient safety margins would be main
tained if the proposed LB change were implemented. 
An acceptable set ofguidelines for making that assess
ment is summarized below. Other equivalent accep
tance guidelines may also be used. With sufficient 
safety margins: 

•	 Codes and standards or their alternatives approved 
for use by the NRC are met. 

•	 Safety analysis acceptance criteria in the LB (e.g., 
FSAR, supporting analyses) are met, or proposed 
revisions provide sufficient margin to account for 
analysis and data uncertainty. 

Application-specific guidelines reflecting this 
general guidance are being developed and may be 
found in the application-specific regulatory guides 
(Refs. 5-8). 

2.2.2	 Evaluation of Risk Impact, Including 
'freatment of Uncertainties 

The licensee's risk assessment may be used to ad
dress the principle that proposed increases in CDF and 
risk are small and are consistent with the intent of the 
NRC's Safety Goal Policy Statement (Ref. 3). For pur
poses of implementation, the licensee should assess the 
expected change in CDF and LERF. The necessary s0

phistication of the evaluation, including the scope of 
the PRA (e.g., internal events only, full power only), 
depends on the contribution the risk assessment makes 
to the integrated decisionmaking, which depends to 
some extent on the magnitude of the potential risk im
pact. For LB changes that may have a more substantial 
impact, an in-depth and comprehensive PRA analysis, 
one appropriate to derive a quantified estimate ofthe to
tal impact ofthe proposed LBchange, will be necessary 
to provide adequate justification. In otherapplications, 
calculated risk importance measures or bounding esti

• 
are preserved, and the potential for the introduction mates will be adequate. In still others, a qualitative as
of new common cause failure mechanisms is sessment of the impact of the LB change on the plant's 
assessed. risk may be sufficient. 
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The remainder of this section discusses the use of 
quantitative PRA results in decisionmaking. This dis
cussion has three parts: • I(

\. 
~ • A fundamental element of NRC's risk-informed 

regulatory process is a PRA of sufficient quality 
and scope for the intended application. Section 
2.2.3 discusses the staff's expectations with re
spect to the needed PRA's scope, level of detail, 
and quality. 

•	 PRA results are to be used in this decisionmaking 
process in two ways--to assess the overall baseline 
CDFILERF of the plant and to assess the CDF/ 
LERF impact of the proposed change. Section 
2.2.4 discusses the acceptance guidelines to be 
used by the staff for each of these measures. 

•	 One of the strengths of the PRA framework is its 
ability to characterize the impact of uncertainty in 
the analysis, and it is essential that these uncertain
ties be recognized when assessing Whether the 
principles are being met. Section 2.2.5 provides 
guidelines on how the uncertainty is to be ad
dressed in the decisionmaking process. 

The staff's decision on the proposed LB change 
will be based on its independent judgment and review 
of the entire application. 

•
( 

2.2.3 Scope, Level of Detail, and Quality of the 
PRA 

The scope, level ofdetail, and quality ofthe PRAis 
to be commensurate with the application for which it is 
intended and the role the PRA results play in the inte
grated decision process. The more emphasis that is put 
on the risk insights and on PRA results in the decision
making process, the more requirements that have to be 
placed on the PRA, in terms ofboth scope and how well 
the risk and the change in risk is assessed. 

Conversely, emphasis on the PRAscope and quali
ty can be reduced ifa proposed change to the LB results 
in a risk decrease or is very small, or if the decision 
could be based mostly on traditional engineering argu
ments, or ifcompensating measures are proposed such 
that it can be convincingly argued that the change is 
very small. 

Since this Regulatory Guide 1.174 is intended for a 
variety ofapplications, the required quality and level of 
detail may vary. One over-ridingrequirement is that the 
PRA should realistically reflect the actual design, (	 construction, operational practices, and operational ex
perience of the plant and its owner. This should include 
the licensee's voluntary actions as well as regulatory re

quirements, and the PRA used to support risk-informed 
decisionmaking should also reflect the impact of pre
vious changes made to the LB. 

2.2.3.1	 Scope 

Although the assessment of the risk implications in 
light of the acceptance guidelines discussed in Section 
2.2.4 requires that all plant operating modes and initiat
ing events be addressed, it is not necessary to have a 
PRA that treats all these modes and initiating events. A 
qualitative treatment of the missing modes and initia
tors may be sufficient in many cases. Section 2.25 dis
cusses this further. 

2.2.3.2 Level ofDetail Required To Support an 
Application 

The level of detail required of the PRA is. that 
which is sufficient to model the impact of the proposed 
change. The characterization of the problem should in
clude establishing a cause-effect relationship to iden
tify portions of the PRA affected by the issue being 
evaluated. Full-scale applications of the PRA should 
reflect this cause-effect relationship in a quantification 
of the impact on the PRA elements. For applications 
like component categorization, sensitivity studies on 
the effects ofthe change may besufficient. Forotherap
plications it may be adequate to define the qualitative 
relationship of the impact on the PRA elements or only 
identify which elements are impacted. 

If the impacts ofa change to the plant cannot be as
sociated with elements of the PM the PRA should be 
modified accordingly or the impact of the change 
should be evaluated qualitatively as part of the deci
sionmaking process (or expert panel process). In any 
case, the effects ofthe changes on the reliability andun
availability of systems, structures, and components or 
on operator actions should be appropriately accounted 
for. 

2.2.3.3	 PRA Quality 

In the current context, quality will be defined as 
measuring the adequacy of the actual modeling. APRA 
used in risk-informed regulation should be performed 
correctly, in a manner that is consistent with accepted 
practices, commensurate with the scope and levelofde
tail required as discussed above. One approach a li
censee could use to ensure quality is to perform a peer 
review of the PRA. In this case, the submittal should 
document the review process, the qualification of the 
reviewers, the summarizedreviewfindings, andresolu
tions to these findings where applicable. Industry PRA 
certification programs and PRA cross-comparison

• studies could also be used to help ensure appropriate 
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scope, level of detail, and quality of the PRA. If such 

• 
programs or studies are to be used, a description of the 
program, including the approach and standard orguide
lines to which the PRA is compared, the depth of the 
review, and the make-up and qualifications of the per
sonnel involved should be provided for NRC review. 
Based on the peer review or certificationprocess and on 
the findings from this process, the licensee should jus
tify why the PRAis adequate for the present application 
in terms of scope and quality. A staff review cannot be 
replaced in its entirety by a peer review, a certification, 
or cross-comparison, although the more confidence the 
staff has in the review that has been performed for the 
licensee, the less rigor should be expected in the staff 
review. 

• 

The NRC has not developed its own formal stan
dard nor endorsed an industry standard for a PRA sub
mitted insupport ofapplications governed by this regu
latory guide. However, the NRC supports ongoing 
initiatives to develop a standard and expects that one 
will be available in the future. In the interim, the NRC 
staff will evaluate PRAs submitted in support of spe
cific applications using the guidelines given in Chapter 
19 of its Standard Review Plan (Ref. 4). The staff ex
pects to feed back the experience gained from these re
views into the standards development process so that 
ultimately a standard can be developed that is suitable 
for regulatory decisionmaking as described in this 
guide. In addition, the references and bibliography pro
vide information that licensees may find useful in de
ciding on the acceptability of their PRA. 

2.2.4 AcceptaDce GuideliDes 

The risk-acceptance guidelines presented in this 
regulatory guide are based on the principles and expec
tations for risk-informed regulation discussed in Sec
tion 2, and they are structured as follows. Regions are 
established in the two planes generated by a measure of 
the baseline risk metric (CDF or LERF) along the x
axis, and the change in those metrics (~CDF or 
.M..ERF) along the y-axis (Figures 3 and 4), and accep
tance guidelines are established for each region as dis
cussed below. These guidelines are intended for com
parison with a full-scope (including internal events, 
external events, full power, low power, and shutdown) 
assessment ofthe change in risk metric, and when nec
essary, as discussed below, the baseline value ofthe risk 
metric (CDF or LERF). However, it is recognized that 
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Figure 3. Acceptance Guide6nes* for Core 
Damage Frequency (CDF) 
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Figure 4. Acceptance Guide6nes* for Large 
Early Release Frequency (LERF) 

*The analysis will besubject to increased technical 
review and management attention as indicated by the 
darkness of the shading of the figure. In the context of 
the integrated decisionmaking, the boundariesbetween 
regions should not be interpreted as being definitive; 
the numerical values associated with defining the re
gions in the figure are to be interpreted as indicative 
values only. . 

There are two setsofacceptanceguidelines, one for 
CDF and one for LERF, and both sets should be used. 

•	 Ifthe application clearly can be shown to result in a 
decrease in CDF, the change will be considered to 
have satisfied the relevant principle of risk
informed regulationwith respect to CDF. (Because 
Figure 3 is drawn on a log scale, this region is not 
explicitly indicated on the figure.) 

•	 When the calculated increase in CDF is very small, 
which is taken as being less than 10-6 per reactor 
year, the change will be considered regardless of 

• 
many PRAs are not full scope and PRA information of whether there is a calculation ofthe total CDF (Re
less than full scope may be acceptable as discussed in gion llI). While there is no requirement to calculate 
Section 2.2.5 of this regulatory guide. the total CDF, ifthere is an indication that the CDF 
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crease rather than increase it. Such an indication 

• 
,( would result, for example, if (1) the contribution to 

CDF calculated from a limitedscope analysis, such 
as the individual plant examination (IPE) or the in
dividual plant examination of external events 
(IPEEE), significantly exceeds 1O~, (2) apotential 
vulnerability has been identified from a margins
type analysis, or (3) historical experience at the 
plant in question has indicated a potential safety 
concern. 

•	 When the calculated increase in CDFisin the range 
of10-6 per reactor year to 10-5 perreactor year, ap
plications will be considered only if it can be rea
sonably shown that the total CDF is less than 1(f4 
per reactor year (Region II). 

•	 Applications that result in increases to CDF above 
10-5 per reactor year (Region I) would not nor
mally be considered. 

AND 

• 
• Ifthe application clearly can be shown to result in a 

decrease in LERF, the change will be considered to 
have satisfied the relevant principle of risk
informed regulation with respect to LERF. (Be
cause Figure 4 is drawn with a logscale, this region 
is not explicitly indicated on the figure.) 

•	 When the calculated increase in LERF is very 
small, which is taken as being less than 10-7 per 
reactor year, the change will be considered regard
less of whether there is a calculation of the total 
LERF (Region III). While there is no requirement 
to calculate the total LERF, if there is an indication 
that the LERF may be considerably higher than 
10-5 per reactor year, the focus should be on find
ing ways to decrease rather than increase it. Such 
an indication would result, for example, if (1) the 
contribution to LERF calculated from a limited 
scope analysis, such as the IPE or the IPEEE, sig
nificantly exceeds 10-5, (2) a potential vulnerabili
ty has been identified from a margins-type analy
sis, or (3) historical experience at the plant in 
question has indicated a potential safety concern. 

•	 When the calculated increase in LERF is in the 
range of 10-7 per reactor year to 10-6 per reactor 
year, applications will be considered only if it can 

... 
be reasonably shown that the total LERF is less 
than 10-5 per reactor year (Region II). 

normally be considered. 

These guidelines are intended to provide assurance 
that proposed increases in CDF and LERF are small 
and are consistent with the intent of the Commission's 
Safety Goal Policy Statement. 

As indicated by the shading on the figures, the 
change request will be subject to an NRC technical and 
management review that will become more intensive 
when the calculated results are closer to the region 
boundaries. 

The guidelines discussed above are applicable for 
full power, low power, and shutdown operations. How
ever, during certainshutdown operationswhen the con
tainment function is not maintained, the LERF guide
line as defined above is not practical. In those cases, 
licensees may use more stringent baseline CDF guide
lines (e.g., 10-5 perreactor year) to maintain an equiva
lent riskprofile or may propose an alternative guideline 
to LERF that meets the intent of Principle 4 (see Fig
ure 1). 

The technical review that relates to the risk evalua
tion will address the scope, quality, and robustness of 
the analysis, includingconsiderationofuncertainties as 
discussed in the next section. Aspects covered by the 
management review are discussed in Section 2.2.6, In
tegrated Decisionmaking, and include factors that are 
not amenable to PRA evaluation. 

2.2.5 Comparison of PRA Results with the 
Acceptance Guidelines 

This section provides guidance on comparing the 
results of the PRA with the acceptance guidelines de
scribed in Section 2.2.4. In the context ofintegrated de
cisionmaking, the acceptance guidelines should not be 
interpreted as being overly prescriptive. They are in
tended to provide an indication, in numerical terms, of 
what is considered acceptable. As such, the numerical 
values associated with defining the regions in Figures 3 
and 4 of this regulatory guide are approximate values 
that provide an indication ofthe changes that are gener
ally acceptable. Furthermore, the state of knowledge, 
or epistemic, uncertainties associated with PRA cal
culations preclude a definitive decision with respect to 
which region the applicationbelongs in based purely on 
the numerical results. 

The intent of comparing the PRA results with the 
acceptance guidelines is to demonstrate with reason
able assurance that Principle 4, discussed in Section 2, 
is being met. 1bis decision must be based on a full un

•	 1.174-11 



derstanding of the contributors to the PRA results and tiating event frequencies, and human errorprobabilities 
the impacts of the uncertainties, both those that are ex that are used in the quantification of the accident se

• 
plicitly accounted for in the results and those that are 
not. This is a somewhat subjective process, and the rea
soning behind the decisions must be well documented. 
Guidance on what should be addressed follows in Sec
tion 2.2.5.4; but first, the types of uncertainty that im
pact PRA results and methods typically used for their 
analysis are briefly discussed. More information can be 
found in some of the publications in the Bibliography. 

2.2.5.1 1)'pes of Uncertainty and Methods of 
Analysis 

• 

There are two facets to uncertainty that, because of 
their natures, must be treated differently when creating 
models of complex systems. They have recently been 
termedaleatory and epistemicuncertainty. Thealeatory 
uncertainty is that addressed when the events or phe
nomena being modeled are characterized as occurring 
in a"random" or"stochastic" manner, andprobabilistic 
models are adopted to describe their occurrences. It is 
this aspect ofuncertainty that gives PRAthe probabilis
ticpartofitsname. The epistemic uncertainty is that as
sociated with the analyst's confidence in the predic
tions of the PRA model itself, and it reflects the 
analyst's assessment of how well the PRA model re
presents the actual system being modeled. This has 
been referred to as state-of-knowledge uncertainty. In 
this section, it is the epistemic uncertainty that is dis
cussed; the aleatory uncertainty is built into the struc
ture of the PRA model itself. 

Because they are generally characterized and 
treateddifferently, it isuseful to identify three classesof 
uncertainty that are addressed in and impact the results 
of PRAs: parameter uncertainty, model uncertainty, 
and completeness uncertainty. Completeness uncer
tainty can be regarded as one aspect of model uncer
tainty, but because ofits importance, it is discussed sep
arately. The Bibliography may be consulted for 
additional information on definitions of terms and ap

.proaches to the treatment of uncertainty in PRAs. 

2.2.5.2 Parameter Uncertainty 

Each of the models that is used, either to develop 
the PRA logic structure or to represent the basic events 
ofthat structure, hasone or more parameters. Typically, 
each of these models (e.g., the Poisson model for initi
ating events) is assumed to be appropriate. However, 
the parameter values for these models are often not 
known perfectly. Parameter uncertainties are those as

quence frequencies. They are typicallycharacterizedby 
establishing probability distributions on the parameter 
values. These distributions can be interpreted as ex
pressing the analyst's degree of belief in the values 
these parameters could take, based on his state of 
knowledge and conditional on the underlying model 
being correct. It is straightforward andwithin the capa
bility of most PRA codes to propagate the distribution 
representing uncertainty on the basic parameter values 
to generate a probability distribution on the results 
(e.g., CDF, accident sequence frequencies, LERF) of 
the PRA. However, the analysis must be done to corre
late the sample values for different PRA elements from 
a group to which the same parameter value applies (the 
so-called state-of-knowledge dependency; see 
Ref. 10). 

2.2.5.3 Model Uncertainty 

The development of the PRA model is supported 
by the use ofmodels for specificevents or phenomena. 
In many cases, the industry's state of knowledge is in
complete, and there may be different opinions on how 
the modelsshouldbe formulated. Examples include ap
proaches to modeling human performance, common 
cause failures, and reactor coolant pump seal behavior 
upon loss of seal cooling. This gives rise to model un
certainty. In many cases, the appropriateness of the 
models adopted is not questioned and these models 
have become, de facto, the standard models to use. 

Examples include the use ofPoisson and binomial 
models to characterize the probability of occurrence of 
component failures. For some issues with well
formulated altemative models, PRAs have addressed 
model uncertainty by using discrete distributions over 
the alternative models, with the probability associated 
with a specific model representing the'analyst's degree 
ofbeliefthat that model is the most appropriate. A good 
example is the characterization ofseismichazard as dif
ferent hypotheses leadtodifferent hazard curves,which 
can be used to develop a discrete probability distribu
tion of the initiating event frequency for earthquakes. 
Other examples can be found in the Level 2 analysis. 

Another approach to addressingmodel uncertainty 
has been to adjust the results of a single model through 
the use of an adjustment factor. However it is formu
lated, an explicit representation of model uncertainty 
can be propagated through the analysis in the same way 
as parameter uncertainty. More typically, however,par

• 
sociated with the values of the fundamental parameters ticularly in the Level 1 analysis, the use of different 
of the PRA model, such as equipment failure rates, ini- models would result in the need for a different structure 
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(e.g., with different thermal hydraulic models used to 
determine success criteria). Insuch cases, uncertainties 
in the choice of an appropriate model are typically ad
dressed by making assumptions and, as in the case of 
the component failure models discussed above, adop
ting a specific model. 

PRAs model the continuum ofpossible plant states 
in a discrete way, and are, by their very nature, approxi
mate models of the world. This results in SOme random 
(aleatory) aspects of the 'world' not being addressed 
except in a bounding way, e.g., different realizations of 
an accident sequence correspondingto different LOCA 
sizes (within a category) are treated by assuming a 
bounding LOCA, time of failure of an operating com
ponent assumed to occur at the moment of demand. 
These approximations introduce biases (uncertainties) 
into the results. 

In interpreting the results of a PRA, it is important 
to develop an understanding of the impact of a specific 
assumption or choice ofmodel on the predictions of the 
PRA. This is true even when the model uncertainty is 
treated probabilistically, since the probabilities, or 
weights, given to different models would be subjective. 
The impact ofusing altemative assumptions or models 
may be addressed by performing appropriate sensitiv
ity studies, or they may be addressed using qualitative 
arguments, based on an understanding of the contribu
tors to the results and how they are impacted by the 
change in assumptions or models. The impact ofmak
ing specificmodeling approximations may be explored 
in a similar manner. 

2.2.5.3 Completeness Uncertainty 

Completeness is not in itself an uncertainty, but a 
reflection of scope limitations. The result is, however, 
an uncertainty about where the true risk lies. The prob
lem withcompleteness uncertainty is that,because it re
flects an unanalyzed contribution, it is difficult (if not 
impossible) to estimate its magnitude. Some contribu
tions are unanalyzed not because methods are not avail
able, but because they have notbeen refined to the level 
of the analysis of intemal events. Examples are the 
analysis ofsome external events and the low power and 
shutdown modes of operation. There are issues, how
ever, for which methods of analysis have not been de
veloped, and they have to be accepted as potentiallimi
tations ofthe technology. Thus, for example, the impact 
on actual plant risk from unanalyzed issues such as the 
influences of organizational performance cannot now 
be explicitly assessed. 

The issue ofcompleteness ofscope ofa PRAcanbe 
addressed for those scope items for which methods are 
in principle available, and therefore some understand
ing of the contribution to risk exists, by supplementing 
the analysis with additional analysis to enlarge the 
scope, using more restrictive acceptance guidelines, or 
by providing arguments that, for the application ofcon
cern, the out-of-scope contributors are not significant. 
Approaches acceptable to the NRC staff for dea.liJig 
with incompleteness are discussed in the next section. 

2.2.5.4 Comparisons with Acceptance 
Guidelines 

The different regions of the acceptance guidelines 
require different depths of analysis. Changes resulting 
in a net decrease in the CDF and LERF estimates do not 
require an assessment of the calculated baseline CDF 
and LERF. Generally, it should be possible to argue on 
the basis ofan understandingofthe contributors and the 
changes that are being made that the overall impact is 
indeed a decrease, without the need for a detailed quan
titative analysis. 

If the calculated values ofCDF and LERF are very 
small, as defined by Region III in Figures 3 and 4, a de
tailed quantitative assessment of the baseline value of 
CDFand LERFwill not be necessary. However, ifthere 
is an indication that the CDF or LERF could consider
ably exceed 10-4 and 10-5 respectively, in order for the 
change to be considered, the licensee may be required 
to present arguments as to why steps should not be tak
en to reduce CDF or LERF. Such an indication would 
result, for example, if (1) the contribution to CDF or 
LERF calculated from a limited scope analysis, such as 
the IPE or the IPEEE, significantly exceeds 10-4 and 
10-5 respectively, (2) there has been an identification of 
a potential vulnerability from a margins-type analysis, 
or (3) historical experience at the plant in question has 
indicated a potential safety concern. 

For larger values of ~CDF and ~RF,which lie 
in the range used to define Region II, an assessment of 
the baseline CDF and LERF is required. 

To demonstrate compliance with the numerical 
guidelines, the level ofdetail required in the assessment 
of the values and the analysis of uncertainty related to 
model and incompleteness issues will depend on both 
(l) the LB change being considered and (2) the impor
tance of the demonstration that Principle 4 has been 
met. In Region III ofFigures 3 and 4, the closer the esti
mates of ~CDF or ~RF are to their corresponding 
acceptance guidelines, the more detail will be required. 
Similarly, in Regionll ofFigures 3 and 4, the closer the 
estimates of~CDFor M..ERF and CDF and LERF are 
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to their corresponding acceptance guidelines, the more 
detail will be required. In a contrasting example, if the 
estimated value of a particular metric is very small 
compared to the acceptance goal, a simple bounding 
analysis may suffice with no need for a detailed uncer
tainty analysis. 

Because ofthe way the acceptance guidelines were 
developed, the appropriate numerical measures to use 
in the initial comparison of the PRA results to the ac
ceptance guidelines are mean values. The mean values 
referred to are the means ofthe probability distributions 
that result from the propagation of the uncertainties on 
the input parameters and those model uncertainties ex
plicitly represented inthe model. While a formal propa
gation ofthe uncertainty is the best way to correctly ac
count for state-of-knowledge uncertainties that arise 
from the use of the same parameter values for several 
basic event probability models, under certain circum
stances, a formal propagation ofuncertainty may not be 
required if it can be demonstrated that the state-of
knowledge COrrelation is unimportant. This will in
volve, for example, a demonstration that the bulk ofthe 
contributing scenarios (cutsets or accident sequences) 
do not involve multiple events that rely on the same pa
rameter for their quantification. 

Consistent with the viewpoint that the guidelines 
are not to be used prescriptively, even if the calculated 
~CDF and .1LERF values are such that they place the 
change in Region I or n, it may be possible to make a 
case that the applicationshould be treated as ifit were in 
Region II or III if, for example, it is shown that there are 
unquantified benefits that are not reflected in the quan
titative risk results. However, care should be taken that 
there are no unquantified detrimental impacts of the 
change, such as an increase in operator burden. In addi
tion, ifcompensatory measures are proposed to counter 
the impact of the major risk contributors, even though 
the impact of these measures may not be estimated nu
merically, such arguments will be considered in the de
cision process. 

While the analysis of parametric uncertainty is 
fairly mature, and is addressed adequately through the 
use of mean values, the analysis of the model and com
pleteness uncertainties cannot be handled in such a for
mal manner. Whether the PRA is full scope or only par
tial scope, and whether it is only the change in metrics 
or both the change and baseline values that need to be 
estimated, it will be incumbent on the licensee to dem
onstrate that the choice of reasonable alternative hy
potheses, adjustment factors, or modeling approxima
tions or methods to those adopted in the PRA model 

would not significantly change the assessment. This 
demonstration can take the form of well formulated 
sensitivity studies or qualitative arguments. In this con
text, "reasonable" is interpreted as implying some pre
cedent for the alternative, such as use by other analysts, 
and also that there is a physically reasonable basis for 
the alternative. It is not the intent that the search for al
ternatives should be exhaustive and arbitrary. For the 
decisions that involve onlyassessing the change in met
rics, the number of model uncertainty issues to be ad
dressed will be smallel'-than for the case of the baseline 
values, when only a portion of the model is affected. 
The alternatives that would drive the result toward un
acceptableness should be identified and sensitivity 
studies performed or reasons given as to why they are 
not appropriate for the current applicationorfor thepar
ticular plant. In general, the results of the sensitivity 
studies should confirm that the guidelines are still met 
even under the alternative assumptions (i.e., change 
generally remains in the appropriate region). Alterna
tively, this analysis can be used to identify candidates 
for compensatory actions or increased monitoring. The 
licensee should pay particular attention to those as
sumptions that impact the parts of-the model being ex
ercised by the change. 

When the PRA is not full scope, it is necessary for 
the licensee to address the significance of the out-of
scope items. The importance of assessing the contribu
tion ofthe out-of-scope portions of the PRA to the base 
case estimates of CDF and LERF is related to the mar
gin between the as-calculated values and the accep
tance guidelines. When the contributions from the 
modeled contributors are close to the guidelines, the ar
gument that the contribution from the missing items is 
not significant must be convincing, and in some cases 
may require additional PRA analyses. When the mar
gin is significant, a qualitative argument may be suffi
cient. The contribution of the out-of-scope portions of 
the model to the change in metric may be addressed by 
bounding analyses, detailed analyses, or by a demon
stration that the change has no impact on the unmo
deled contributors to risk. In addition, it should also be 
demonstrated that changes based on a partial PRA do 
not disproportionally change the risk associated with 
those accident sequences that arise from the modes of 
operation not included in the PRA. 

One alternative to an analysis of uncertainty is to 
design the proposed LB change such that the major 
sources of uncertainty will not have an impact on the 
decisionmaking process. For example, in the region of 
the acceptance guidelines where small increases are al
lowed regardless of the value of the baseline CDF or 
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LERF, the proposed change to the LB could be de
signed such that the modes ofoperation or the initiating 
events that are missing from the analysis would not be 
affected by the change. In these cases, incompleteness 
would not be an issue. Similarly, in such cases, it would 
not be necessary to address all the model uncertainties, 
but only those that impact the evaluation of the change. 

Ifonly a Levell PRAis available, in general, only 
the CDFis calculated and not the LERF. An approach is 
presented in Reference 9 that allows a subset of the core 
damage accidents identified in the Level 1 analysis to 
be allocated to a release category that is equivalent to a 
LERF. The approach uses simplified event trees that 
can be quantified by the licensee on the basis of the 
plant configuration applicable to each accident se
quence in the Levell analysis. The frequency derived 
from these event trees can be compared to the LERF ac

. ceptance guidelines. The approach described in Refer
ence 9 may be used to estimate LERF only in those 
cases when the plant is not close to the CDF and LERF 
benchmark values. 

2.2.6 Integrated Decisionmakjng 

The results of the different elements of the engi
neering analyses discussed in Sections 2.2.1 and 2.2.2 

• 
( must be considered in an integrated manner. None of 

the individual analyses is sufficient in and of itself. In 
this way, it can be seen that the decision will not be 
driven solely by the numerical results ofthe PRA. They 
are one input into the decisionmaking and help in build
ing an overall picture of the implications of the propo
sed change on risk. The PRA has an important role in 
putting the change into its proper context as it impacts 
the plant as a whole. The PRA analysis is used to dem
onstrate that Principle 4 has beensatisfied. As the dis
cussion in the previous section indicates, both quantita
tive and qualitative arguments may be brought to bear. 
Even though the different pieces ofevidence used to ar
gue that the principle is satisfied may not be combined 
in a formal way, they need to be clearly documented. 

In Section 2.2.4, it was indicated that the applica
tion would be given increased NRC management atten
tion when the calculated values of the changes in the 
risk metrics, and their baseline values when appropri
ate, approached the guidelines. Therefore, the issues in 
the submittal that are expected to be addressed by NRC 
management include: 

( • The cumulative impact of previous changes and 
the trend in CDF (the licensee's risk management 

•	 The cumulative impact of previous changes and 
the trend in LERF (the licensee's risk management 
approach); 

•	 The impact of the proposed change on operational 
complexity, burden on the operating staff, and 
overall safety practices; 

•	 Plant-specific performance and other factors (for 
example, siting factors, inspection findings, per
formance indicators, and operational events), and 
Level 3 PRA information, if available; 

•	 The benefit of the change in relation to its CDF/ 
LERF increase; -

•	 The practicality of accomplishing the change with 
a smaller CDFILERF impact; and 

•	 The practicality of reducing CDFILERF when 
there is reason to believe that the baseline CDF/ 
LERF are above the guideline values (i.e., 10-4 and 
10-5 per reactor year). 

2.3 ELEMENT 3: DEFINE 
IMPLEMENTATION AND MONITORING 
PROGRAM 
Careful consideration should be given to imple

mentation and performance-monitoringstrategies. The 
primary goal for this element is to ensure that no ad
verse safety degradation occurs because ofthe changes 
to the LB. The staff's principal concern is the possibil
ity that the aggregate impact of changes that affect a 
large class of SSCS could lead to an unacceptable in
crease in the number of failures from unanticipated 
degradation, including possible increases in common 
cause mechanisms. Therefore, an implementation and 
monitonng plan should be developed to ensure that the 
engineering evaluation conducted to examine the im
pactofthe proposed changes continues to reflect the ac
tual reliability and availability of SSCs that have been 
evaluated. This will ensure that the conclusions that 
have beendrawn from the evaluation remain valid. Fur
ther details ofacceptable processes for implementation 
in specific applications are discussed in application
specific regulatory guides (Refs. 5-8). 

Decisions concerning the implementation of 
changesshouldbe made in light ofthe uncertainty asso
ciated with the results of the traditional and probabilis
tic engineering evaluations. Broad implementation 
within a limited time period may be justified when un
certainty is shown to be low (data and models are ade
quate, engineering evaluations are verified and vali
dated, etc.), whereas a slower, phased approach to 
implementation (or othermodes ofpartial implementa

• 
approach); tion) would be expectedwhen uncertainty in evaluation 
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findings is higher and where programmatic changes are readily measurable. When actual conditions cannot be 

• 
being made that could impact SSCS across a wide spec
trum of the plant, such as in inservice testing, inservice 
inspection, and graded quality assurance (IST, lSI, and 
graded QA). In such situations, the potential introduc
tion of common cause effects must be fully considered 

monitored or measured, whatever information most 
closely approximates actual performance data should 
be used. For example, establishing a monitoring pro- t	) 
gram with a performance-based feedback approach 
may combine some of the following activities. 

and included in the submittal. 

• 

The staff expects licensees to propose monitoring 
programs that include a means to adequately track the 
performance ofequipment that, when degraded, can af
fect the conclusions ofthe licensee's engineeringevalu
ation and integrated decisionmaking that support the 
change to the LB. The program should be capable of 
trending equipment performance after a change has 
been implemented to demonstrate that performance is 
consistent with that assumed in the traditional engi
neering and probabilistic analyses that were conducted 
to justify the change. This may include monitoring as
sociated with non-safety-related SSCS, if the analysis 
determines those SSCS to be risk significant. The pro
gram should be structured such that (1) SSCS are moni
tared commensurate with their safety importance, i.e., 
monitoring for SSCs categorized as having low safety 
significance may be less rigorous than that for SSCS of 
high safety significance, (2) feedback of information 
and corrective actions are accomplished in a timely 
manner, and (3) degradation in sseperformance is de
tected and corrected before plant safety can be compro
mised. The potential impact ofobserved SSC degrada
tion on similar components in different systems 
throughout the plant should be considered. 

The staff expects that licensees will integrate, or at 
least coordinate, their monitoring for risk-informed 
changes with existing programs for monitoring equip
ment performance and other operating experience on 
their site and throughout the industry. In particular, 
monitoring that is performed in conformance with the 
Maintenance Rule can be used when the monitoring 
performed under the Maintenance Rule is sufficient for 
the SSCs affected by the risk-informed application. If 
an application requires monitoring ofSSCs that are not 
included in the Maintenance Rule, or have a greater res
olutionofmonitoringthan the Maintenance Rule (com
ponent vs. train or plant-level monitoring), it may be 
advantageous for a licensee to adjust the Maintenance 
Rule monitoring program rather than to develop addi
tional monitoring programs for risk-informed pur

•	 Monitoring performance characteristics under ac
tual design basis conditions (e.g., reviewing actual 
demands on emergency diesel generators, review
ing operating experience) 

•	 Monitoring performance characteristics under test 
conditions that are similar to those expected during 
a design basis event 

•	 Monitoring and trending performance characteris
tics to verify aspects ofthe underlying analyses, re
search, or bases for a requirement (e.g., measuring 
battery voltage and specific gravity, inservice in
spection of piping) 

•	 Evaluating licensee performance during training 
scenarios (e.g., emergency planning exercises, op
erator licensing examinations) 

•	 Component quality controls, including developing 
pre- and post-component installation evaluations 
(e.g., environmental qualification inspections, 
reactorprotectionsystem channel checks, continu t, 
ity testing of boiling water reactor squib valves). 

As part of the monitoring program, it is important 
that provisions for specific cause determina,tion, trend
ing of degradation and failures, and corrective actions 
be included. Such provisionsshould be applied to SSCs 
commensurate with their importance to safety as deter
mined by the engineering evaluation that supports the 
LB change. A determination of cause is needed when 
performance expectations are not being met or when 
there is a functional failure of an application-specific 
sse that poses a significant condition adverse to quali
ty. The cause determinationshould identify the cause of 
the failure or degraded performance to the extent that 
corrective action can be identified that would preclude 
the problem or ensure that it is anticipated prior to be
coming a safety concern. It should address failure sig
nificance, the circumstances surrounding the failure or 
degraded performance, the characteristics of the fail
ure, and whether the failure is isolated or has genericor 
common cause implications (as defined in Ref. 11). 

Finally, in accordance with Criterion XVI of Ap

• 
poses. In these cases, the performance criteria chosen pendix B to 10 CFR Part 50, the monitoring program 
shouldbe shown to be appropriate for the application in should identify any corrective actions to preclude the t 
question. It should be noted that plant or licensee per- recurrence ofunacceptable failures or degradedperfor
formance under actual design conditions may not be mance. The circumstances surrounding the failure may 
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indicate that the SSC failed because ofadverse or harsh 
operating conditions (e.g., operating a valve dry, over
pressurizationofa system) or failure ofanother compo
nent that caused the SSC failure. Therefore, corrective 
actions should also consider SSCS with similar charac
teristics with regard to operating, design, or mainte
nance conditions. The results of the monitoring need 
not be reported to the NRC, but should be retained on
site for inspection. 

2.4 ELEMENT 4: SUBMIT PROPOSED 
CHANGE 

Requests for proposed changes to the plant's LB 
typically take the form of requests for license amend
ments (including changes to or removal oflicense con
ditions), technical specification changes, changes to or 
withdrawals of orders, and changes to programs pur
suant to 10 CPR 50.54 (e.g., QA program changes un
der 10 CFR 50.54(a». Licensees should (1) carefully 
review the proposed LB change in order to determine 
the appropriate form of the change request, (2) ensure 
that information required by the relevant regulations in 
support ofthe request is developed, and (3) prepare and 
submit the request in accordance with relevant proce
dural requirements. For example, license amendments 
should meet the requirements of 10 CPR 50.90, 50.91, 
and 50.92, as well as the procedural requirements in 10 
CPR50.4. Risk information that the licensee submits in 
support ofthe LB change request should meet the guid
ance in Section 3 of this regulatory guide. 

Licensees are free to decide whether to submit risk 
information in support of their LB change request. If 
the licensee's proposed change to the LB is consistent 
with currently approved staff positions, the staff's de
termination will be based solely on traditional engi
neering analyses without recourse to risk information 
(although the staff may consider any risk information 
submitted by the licensee). However, if the licensee's 
proposed change goes beyond currently approved staff 
positions, the staff normally will consider both infor
mation based on traditional engineering analyses and 
information based on risk insights. If the licensee does 
not submit risk information in support ofan LB change 
that goes beyond currently approved staffpositions, the 
staff may request the licensee to submit such informa
tion. If the licensee chooses not to provide the risk in
formation, the staff will review the proposed applica( tion using traditional engineering analyses and 
determine whethersufficient information has beenpro

In developing the risk information set forth in this 
regulatory guide, licensees will likely identify SSCS 
with high risk significancethat are not currently SUbject 
to regulatory requirements, or are subject to a level of 
regulation that is not commensurate with their risk sig
nificance. It is expected that licensees will propose LB 
changes that will subject these SSCs to an appropriate 
level of regulatory oversight, consistent with the risk 
significance of each SSC. Specific information on the 
staff's expectations in this regard are set forth in the 
application-specific regulatory guides (Refs. 5-8). 

2.5	 QUALITY ASSURANCE 

As stated in Section 2.2, the staff expects that the 
quality ofthe engineeringanalyses conducted to justify 
proposed LB changeswill be appropriate for the nature 
ofthe change. In this regard, it is expectedthat fortradi
tional engineering analyses (e.g., deterministic engi
neering calculations) existingprovisions for quality as
surance (e.g., Appendix B to 10 CFR Part 50, for 
safety-related SSCS) will apply and provide the ap
propriate quality needed. Likewise, when a risk assess
ment of the plant is used to provide insights into the de
cisionmaking process, the staff expects that the PRA 
will have been subject to quality control. 

To the extent that a licensee elects to use PRA in
formation to enhance or modify activities affecting the 
safety-related functions ofSSCs, the following, in con
junction with the other guidance contained in this 
guide, describes methods acceptable to the NRCstaffto 
ensure that the pertinent quality assurance require
mentsofAppendix B to 10 CPR Part50 are met and that 
the PRAisofsufficient quality to be used for regulatory 
decisions. 

•	 Use personnel qualified for the analysis. 

•	 Use procedures that ensure control of documenta
tion, including revisions, and provide for indepen
dent review, verification, or checking of calcula
tions and information used in the analyses (an 
independent peer review or certification program 
can be used as an important element in this pro
cess). 

•	 Providedocumentation and maintainrecords inac
cordance with the guidelines in Section 3 of this 
guide. 

•	 Provide for an independent audit function to verify 
quality (anindependentpeerrevieworcertification 
program can be used for this purpose). 

•	 Use procedures that ensure appropriate attention 

• 
vided to support the requested change. and corrective actions are taken if assumptions, 
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analyses, or information used in previous decision • A description of the components and systems af
making is changed (e.g., licensee voluntary action) fected by the change, the types of changes pro

•
 
or determined to be in error.
 

When performance monitoring programs are used 
in the implementation ofproposed changes to the LB, it 
is expected that those programs will be implemented by 
using quality assurance provisions commensurate with 
th~ safety significance of affected SSCS. An existing 
PRA or analysis can be utilized to support a proposed 
LB change, provided it can be shown that the appropri
ate quality provisions have been met. 

3. DOCUMENTATIONANDSUBMrrTTAL 

3.1	 INTRODUCI10N 

To facilitate the NRC staff's review to ensure that 
the analyses conducted were sufficient to conclude that 
the key principles of risk-informed regulation have 
been met, documentation of the evaluation process and 
findings are expected to be maintained. Additionally, 
the information submitted should include a description 
ofthe process used by the licensee to ensure quality and 
some specific information to support the staff's conclu
sion regarding the acceptability of the requested LB 
change. 

3.2	 ARCHIVAL DOCUMENTATION• Archival documentation should include a detailed 
description of engineering analyses conducted and the 
results obtained, irrespective of whether they were 
quantitative or qualitative, or whether the analyses 
made use of traditional engineering methods or proba
bilistic approaches. This documentation should be 
maintained by the licensee, as part ofthe normal quality 
assurance program, so that it is available for examina
tion. Documentation of the analyses conducted to sup
port changes to a plant's LB should be maintained as 
lifetime quality records in accordance with Regulatory 
Guide 1.33 (Ref. 12). 

3.3 LICENSEE SUBMITIAL 
DOCUMENTATION 

To support the NRC staff's conclusion that the pro
posed LB change is consistent with the key principles 
of risk-informed regulation and NRC staff expecta
tions, the staff expects the following information will 
be submitted to the NRC: 

•	 A description of how the proposed change will im

posed, the reason for the changes, and results and
 
insights from an analysis of available data on
 
equipment performance (relevant staff expecta

tion: all safety impacts of the proposed LB change
 
must be evaluated).
 

•	 A reevaluation of the LB accident analysis and the 
provisions of10 CPR Parts 20 and 100, ifappropri
ate (Relevant principles: LB changes meet the reg
ulations, sufficient safety margins are maintained, 
defense-in-depth philosophy). 

•	 An evaluation of the impact of the LB change on 
the breadth or depth ofdefense-in-depth attributes 
of the plant (relevant principle: defense-in-depth 
philosophy). 

•	 Identification of how and where the proposed 
change will be documented as part of the plant's 
LB (e.g., FSAR, technical specifications, licensing 
conditions). 1bisshould include proposed changes 
or enhancements to the regulatory controls for 
high-risk-significant SSCs that are not subject to 
any requirements or the requirements are not com
mensurate with the SSC's risk significance. 

The licensee should also identify: 
\' )'
'I.'•	 Key assumptions in the PRA that impact the ap

plication (e.g., voluntary licensee actions), ele
ments of the monitoring program, and commit
ments made to support the application. 

•	 SSCS for which requirements should be increased. 

•	 The information to be provided as part of the 
plant's LB (e.g., FSAR, technical specifications, 
licensing condition). 

As discussed in Section 2.5 of this guide, if a li
censee elects to use PRA as an element to enhance or 
modify its implementation of activities affecting the 
safety-related functions of SSCs subject to the provi
sions of Appendix B to 10 CPR Part 50, the pertinent 
requirements of Appendix B will also apply to the 
PRA. In this context, therefore, a licensee would be ex
pected to control PRA activity in a manner commensu
rate with its impact on the facility's design and licens
ing basis and in accordance with all applicable 
regulations and its QA program description. An inde
pendent peer review canbe an important element ofen
suring this quality. The licensee's submittal should dis
cuss measures used toensure adequate quality, such as a 
report ofa peer review (when performed) that addresses 

• 
pact the LB (relevant principle: LB changes meet the appropriateness of the PRA model for supporting a 
regulations). risk assessment of the LB change under consideration. 
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The report should address any analysis limitations that 
are expected to impact the conclusion regarding accept
ability of the proposed change. 

The licensee's resolution ofthe findings ofthe peer 
review, certification, or cross comparison, when per
formed, should also be submitted. Forexample, this re
sponse could indicate whether the PRA was modified 
or could justify why no change was necessary to sup
port decisionmaking for the LB change under consider
ation. As discussed in Section 2.2.2, the staff's decision 
on the proposed license amendment will be based on its 
independent judgment and review, as appropriate, of 
the entire application. 

3.3.1 Risk Assessment Methods 

In order to have confidence that the risk assessment 
conducted is adequate to support the proposed change, 
a summary ofthe risk assessment methods usedshould 
be submitted. Consistent with current practice, infor
mation submitted to the NRC for its consideration in 
making risk-informed regulatory decisions will be 
made publicly available, unless such information is 
deemed proprietary and justified as such. The follow
ing information should be submitted and is intended to 
illustrate that the scope and quality of the engineering 
analyses conducted to justify the proposed LB change( are appropriate to the nature and scope of the change. 

• • A description of risk assessment methods used, 

•	 The key modeling assumptions that are necessary 
to support the analysis or that impact the applica
tion, 

•	 The event trees and fault trees necessary to support 
the analysis of the LB change, and 

•	 A list of operator actions modeled in the PRA that 
impact the application and their errorprobabilities. 

The submitted information that summarizes the re
sults of the risk assessment should include: 

•	 The effects of the change on the dominant se
quences (sequences that contribute more than five 
percent to the risk) in order to show that the LB 
change does not create risk outliers and does not 
exacerbate existing risk outliers. 

•	 An assessment ofthe change to CDFand LERF, in
cluding a description of the significant contribu
tors to the change. 

•	 Information related to assessment ofthe total plant (	 CDF-the extent of the information required will 
depend on whether the analysis of the change in 

information could include quantitative (e.g., IPE 
or PRA results for internal initiating events, exter
nal event PRA results if available) and qualitative 
or semi-quantitative information (results of mar
gins analyses, outage configuration studies). 

•	 Information related to assessment of total plant 
LERF-the extent of the information required will 
depend on whether the analysis of the change in 
LERF is in Region II or RegionmofFigure 4. The 
information could include quantitative (e.g., IPE 
or PRA results for internal initiating events, exter
nal event PRA results if available) and qualitative 
or semi-quantitative information (results of mar
gins analyses, outage configuration studies). 

•	 Results of analyses that show that the conclusions 
regarding the impact of the LB change on plant risk 
will not vary significantly under a different set of 
plausible assumptions. 

•	 A description of the licensee process to ensure 
PRA quality and a discussion as to why the PRAis 
ofsufficient quality to support the current applica
tion. 

3.3.2	 Cumulative Risks 

As part of evaluation of risk, licensees should un
derstand the effects of the present application in light of 
past applications. Optimally, the PRA used for the cur
rent applicationshould already model the effects ofpast 
applications. However, qualitative effects and syner
gistic effects are sometimes difficult to model. Track
ing changes in risk (both quantifiable and nonquantifi
able) that are due to plant changes would provide a 
mechanism to account for the cumulative and synergis
tic effects of these plant changes and would help to 
demonstrate that the proposing licensee has a risk man
agement philosophy in which PRA is not just used to 
systematically increase risk, but is also used to help re
duce riskwhere appropriate and where it is shown to be 
cost effective. The tracking ofcumulative risk will also 
help the NRC staff in monitoring trends. 

Therefore, as part of the submittal, the licensee 
should track and submit the impact ofall plant changes 
that have been submitted for NRCreview and approval. 
Documentation should include: 

•	 The calculated change in risk for each application 
(CDF and LERF) and the plant elements (e.g., 
SSCs, procedures) affected by each change, 

•	 Qualitative arguments that were used to justify the 
change (if any) and the plant elements affected by 

• 
CDF is in Region II or Region III ofFigure 3. The these arguments, 
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• Compensatory measures or other commitments whether these changes are already included in the base 
used to help justify the change (ifany) and the plant PRA model should also be included. 

• 
elements affected, and 

•	 Summarized results from the monitoring programs 
(where applicable) and a discussion of how these 
results have been factored into the PRA or into the 
current application. 

As an option, the submittal could also list (but not 
submit to the NRC) past changes to the plant that re
duced the plant risk, especially those changes that are 
related to the current application: A discussion of 

• 

.~))3.4 IMPLEMENTATION PLAN AND	 . ) 
PERFORMANCE MONITORING
 

. DOCUMENTATION
 

As described in Section2.3, a key principle ofrisk
informed regulation is that proposed performance im
plementation and monitoring strategies reflect uncer
tainties in analysis models and data. Consequently, the 
submittal should include a description and rationale for 
the implementation and·performance monitoring strat
egy for the proposed LB change. 
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FROM: L. Joseph Callan 
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SUBJECT: PROPOSED RULE: 10 CFR PART 63---"DISPOSAL OF HIGH-LEVEL 
RADIOACTIVE WASTES IN A PROPOSED GEOLOGIC REPOSITORY AT 
YUCCA MOUNTAIN, NEVADA" 

PURPOSE: 

To request Commission approval to pUblish a notice of proposed rulemaking. 

CATEGORY: 

This paper covers a policy question. 

BACKGROUND: 

The staff submitted its proposed strategy for development of regulations governing disposal of 
high-level radioactive wastes in a proposed geologic repository at Yucca Mountain, Nevada, in 
SECY-97-300. The Staff Requirements Memorandum (SRM), issued March 6,1998 
(Attachment 1), approved the strategy, directing the staff to develop a draft proposal for a new, 
separate part of the regulations that would apply solely to the proposed Yucca Mountain 
repository. 

This paper responds to that direction; it contains a draft Federal Register notice with a 
proposed 10 CFR Part 63-- regulations that would apply solely to a proposed geologic 
repository at Yucca Mountain (Attachment 2). The draft notice also contains corresponding 
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amendments to 10 CFR Parts 2, 19, 20, 21, 30, 40, 51, 60, and 61, needed to make 
appropriate sections of these regulations applicable to the proposed Part 63, as well as to Part 
60, and to indicate that Part 60 criteria do not apply, nor may they be the subject of litigation, in 
any U.S. Nuclear Regulatory Commission licensing proceeding for a repository at Yucca 
Mountain. 

DISCUSSION: 

The proposed Part 63 follows the guidance to the staff, contained in the SRM, regarding 
general consistency with, and implementability of, National Academy of Sciences 
recommendations, establishment of an all-pathways dose standard, and avoidance of separate 
groundwater criteria. The proposed Part 63 regulations include emergency planning 
requirements, that were reserved in Part 60 for promulgation at a later date. These would 
require the U.S. Department of Energy to develop, and be prepared to implement, an 
emergency plan that is based on the Commission's emergency planning requirements for 
monitored retrievable storage facilities at § 72.32 (b). 

As discussed in SECY-97-300, the staff's strategy included plans to "Adopt, as much as 
possible, definitions, administrative, preclosure, retrievability, and quality assurance portions of 
Part 60, with minor revisions for purposes of clarity and simplification (emphasis added)." In the 
course of implementing the Commission's direction for post-closure requirements for a 
repository at Yucca Mountain, however, it became clear that a risk-informed, more 
performance-based approach could be applied as well to the development of criteria governing 
activities at the repository before permanent closure. The staff elected to draft Part 63 with a 
risk-informed, performance-based approach to preclosure activities, including, at § 63.111 , 
"Performance objectives for the geologic repository operations area through permanent 
closure," and, at § 63.112, "Requirements for integrated safety analysis of the geologic 
repository operations area." 

The staff recognizes that this treatment of preclosure operation, in the proposed Part 63, as 
drafted, deviates from the strategy approved by the Commission, and has evaluated two 
approaches for treating pre-closure technical criteria in the proposed Part 63, as follows: 

Alternative 1: 

The Commission could approve the draft proposed rule, as written, including risk-informed, 
performance-based criteria for both pre-closure operations and post-closure performance of the 
proposed repository at Yucca Mountain. 

PRO: a. Is consistent with Commission philosophy supporting risk-informed, 
performance-based regulation of licensed facilities. 

b. Creates a parallel regulatory framework for evaluation of pre-closure and 
post-closure performance. Performance objectives for pre- and post
closure performance are stated at §§ 63.111 and 63.113, respectively, 
followed by requirements for compliance demonstration, using an 
integrated safety analysis for pre-closure performance (§ 63.112); and a 
performance assessment for post-closure performance (§63.114). 
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CON: a.	 Is inconsistent with updated generic criteria at Part 60 for pre-closure 
activities at repository sites, promulgated in December 1996. These 
criteria were modified, in part, to achieve greater consistency with NRC 
licensing requirements for independent storage of spent fuel and high
level waste, as codified at 10 CFR Part 72. 

b.	 Is not needed for compliance with statutory direction compelling 
consistency with site-specific environmental standards for repository 
performance after permanent closure. 

Alternative 2: 

The Commission could direct the staff to redraft the Federal Register notice and proposed 
Part 63 to incorporate Part 60 requirements for activities at the geologic repository operations 
area before closure. 

PRO: a.	 Is consistent with recently revised, generic criteria at Part 60. 

b.	 Is consistent with existing design and operations criteria specified at 
Part 72 for independent spent fuel storage and monitored retrievable 
storage installations. 

CON: a.	 Is inconsistent with risk-informed, performance-based approach taken for 
post-closure criteria in proposed rule. 

b.	 Is inconsistent with Commission policy for more risk-informed, 
performance-based regulation of licensed facilities. Generic revision of 
NRC regulations for operating materials facilities, which would include 
those applicable to a repository before closure, could take years. 

The staff recognizes that the Commission has under review two proposed rulemakings, one 
containing amendments to 10 CFR Parts 50,52 and 72 (SECY-98-171) and one containing 
proposed amendments to 10 CFR Part 70 (SECY-98-185). Both of these proposed rules 
include, among other things, requirements concerning changes, tests, and experiments that do 
not require prior Commission approval. The Part 63 requirements proposed herein include a 
§ 63.44, modeled on the eXisting § 60.44, that contains language similar to the eXisting § 50.59. 
This section allows DOE to make changes in the geological repository operations area as 
described in the license application, make changes in the procedures, and conduct tests or 
experiments without Commission approval, absent a change in a license condition or an 
unreviewed safety question. If the Commission approves changes to § 50.59, or to Part 70 
relevant to this issue, the staff will evaluate their applicability for incorporation into the proposed 
Part 63. 

Lastly, the staff notes that, historically, the Commission has expressed its intent to convene an 
adjudicatory, trial-type (Le., formal) hearing for licensing of a HLW repository. The 
Commission's generic regulations for HLW disposal at 10 CFR Part 60 were established with 
the expectation that licensing would be conducted using a formal adjudicatory process and the 
proposed Part 63 regulations have been drafted to be consistent with such a process. 
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Nonetheless, the staff recognizes that the Commission is exploring ways to streamline its 
hearing process, and may elect to fashion a less formal, legislative hearing process to apply to 
the licensing of a repository at Yucca Mountain. 

Because there is no legal requirement to provide a formal (Le., on-the-record) hearing for the 
repository, the Commission is free to hold either a formal hearing or an informal hearing. 
However, changing the present formal hearing process will require rulemaking to change 
Part 2. The current formal hearing provides an opportunity for cross-examination, which some 
participants would regard as a valuable feature. Therefore, a change to the current process, 
that eliminated this feature, could be highly controversial. However, in accordance with the 
governing statute for EPA's certification of the Waste Isolation Pilot Project (WIPP), the WIPP 
certification process used informal procedures (Le., rulemaking) that did not include cross
examination. Thus, use of informal procedures in this general area is not unprecedented. 

Recognizing that the NRC's broader efforts to improve the effectiveness of its programs and 
processes have touched on the process used for licensing actions, the staff believes it may be 
appropriate for the Commission to include a statement in this Part 63 rulemaking about the 
repository hearing process. For example, depending on the Commission's policy perspective, 
the Part 63 rulemaking might include a statement that the Commission has the repository 
hearing process under review. (In this regard, the proposed Part 63 regulations attached to this 
paper notify readers that the repository hearing process is under review and that if any changes 
are warranted, they will be adopted in a separate notice and comment rulemaking.) Further, 
the statement could go on to address the Commission's present inclination, such as to adopt an 
informal hearing in place of the current formal hearing, or to maintain the present formal 
hearing subject to Commission oversight to assure its functioning. 

If the Commission, as a policy matter, is inclined to provide an informal, rather than the current 
formal, hearing for repository licensing, then the staff recommends that OGC be directed 
specifically to develop an informal hearing process for repository licensing. The OGC work 
would be carried out in the context of its on-going study of the NRC hearing process. 

In the future event that the Commission amends its regulations, at 10 CFR Part 2, governing 
the hearing process, as they apply to the proposed repository at Yucca Mountain, the staff is 
confident that the proposed Part 63 regulations, with, at most, minor amendments, can be 
accommodated in a less formal process. 

COORDINATION: 

The Office of the General Counsel has no legal objection to this paper. The Office of the Chief 
Financial Officer has reviewed this Commission Paper for resource implications and has no 
objections. The Office of the Chief Information Officer has reviewed the rule for information 
technology and information management implications and concurs in the rulemaking. 

Consistent with Commission direction to consult with the Advisory Committee on Nuclear Waste 
as early as possible in the rulemaking process, the Committee was provided a working draft of 
the proposed rule, and was briefed on the major technical questions associated with the draft 
on July 22, 1998. 
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Unless otherwise directed by the Commission, staff intends to place the Commission paper and 
draft Federal Register Notice on NRC's Technical Conference Forum website within five 
working days. 

RECOMMENDATIONS: 

That the Commission: 

1.	 Approve the Notice of Proposed Rulemaking, which applies the strategy of alternative 1, 
for pUblication (Attachment 2). 

2.	 Certify that this rule, if promulgated, will not have a negative economic impact on a 
substantial number of small entities to satisfy requirements of the Regulatory Flexibility 
Act, 5 U.S.C. 605(b). 

3.	 Note: 

a.	 The proposed rule would be published in the Federal Register for a 75-day 
comment period; 

b.	 A draft regulatory analysis will be available in the Public Document Room 
(Attachment 3); 

c.	 The Chief Counsel for Advocacy of the Small Business Administration will be 
informed of the certification regarding economic impact on small entities and the 
reasons for it as required by the Regulatory Flexibility Act; 

d.	 A press release will be issued (Attachment 4); 

e.	 The appropriate Congressional committees will be informed (Attachment 5); 

f.	 This proposed rule contains a new information collection requirement subject to 
the Paperwork Reduction Act of 1995 (44 U.S.C. 3501, et seq.). 

g.	 Commission direction is needed by October 28, 1998 in order not to delay NRC's 

larget in its FY99 Performance p,an~L~ / ~~ 

L. Joseph Callan 
Executive Director 
for Operations 

Attachments: 
1. SRM dtd 3/6/98 
2. Draft Federal Register Notice + disk 
3. Draft Regulatory Analysis 
4. Draft Press Release 
5 Draft Congressional Letters 
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Commissioners' completed vote sheets/comments should be provided directly 
to the Office of the Secretary by COB Thursday, October 15, 1998. 

Commission Staff Office comments, if any, should be submitted to the 
Commissioners NLT October 7, 1998, with an information copy to the Office 
of the Secretary. If the paper is of such a nature that it requires 
additional review and comment, the Commissioners and the Secretariat should 
be apprised of when comments may be expected. 

DISTRIBUTION: 
Commissioners 
OGC 
OCAA 
OIG 
OPA 
OCA 
ACNW 
CIO 
CFO 
EDO 
REGIONS 
SECY 
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March 6, 1998 

MEMORANDUM TO: L. Joseph Callan 
Executive Director for Operations 

FROM:	 John C. Hoyle, Secretary lsI 

SUBJECT: STAFF REQUIREMENTS - SECY-97-300 - PROPOSED 
STRATEGY FOR DEVELOPMENT OF REGULATIONS 
GOVERNING DISPOSAL OF HIGH-LEVEL 
RADIOACTIVE WASTES IN A PROPOSED 
REPOSITORY AT YUCCA MOUNTAIN, NEVADA 

The Commission has approved the staffs proposed general strategy for developing site-specific 
regulations for Yucca Mountain while deferring the updating of Part 60 generic requirements to 
a later date. The Commission also approved Alternative 1, to implement the proposed strategy 
by drafting a new, separate part of the regulations that would apply solely to the proposed 
Yucca Mountain repository. The approval of Alternative 1 was based, in part, on concerns 
regarding current resource and time constraints. 

In developing regulations specific to Yucca Mountain, the staff should: 

o omit the preparation of a formal rulemaking plan for this rulemaking because of time 
constraints. 

o	 develop rule language (in both the new rule and the Part 60 purpose and scope 
sections) to explicitly state that the purpose of the new rule is to provide 
specific criteria applicable to Yucca Mountain and that the more generic 
requirements in the existing Part 60 do not apply and can not be the 
subject of litigation in any NRC licensing proceeding for Yucca Mountain. 

o	 develop radiation standards in the form of an overall facility performance standard that is 
generally consistent with the 1995 National Academy of Sciences report, 
"Technical Bases for Yucca Mountain Standards" as required by the 1992 
Energy Policy Act, in the absence of Environmental Protection Agency 
(EPA) standards and with due consideration given to the implementability 
df the NAS recommendations under NRC's regulatory process. 

o	 also consider the recommendations of the International Commission on Radiation 
Protection (ICRP) for use of an all-pathways limit and no collective dose 
as a basis for the overall facility performance standard. To be consistent 
with these NAS and ICRP recommendations and NRC's current clean-up 
standards, the staff should consider an all pathways dose standard in the 



range of 25 to 30 millirem per year to the average member of the critical 
group. 

o	 continue to steadfastly oppose the implementation of a separate groundwater standard 
and keep the Commission informed of developments in this area. 

o	 immediately inform the Commission of any delays to the schedule shown in Attachment 
4, including future EPA or Congressional actions that may result in a 
potential delay in the schedule. 

o	 consult with the Advisory Committee on Nuclear Waste (ACNW) as early as possible in 
the rulemaking process so the ACNW can fulfill its chartered role to 
advise the Commission on this important waste disposal rulemaking. 

(EDO)	 (SECY Suspense: 9/30/98) 

Since this rulemaking will further the NRC's use of risk-informed methods in the regulatory 
process all NRC offices that have responsibilities in developing and implementing regulatory 
policies should monitor this rulemaking for applicability to other regulatory programs. 

cc:	 Chairman Jackson 
Commissioner Dicus 
Commissioner Diaz 
Commissioner McGaffigan 
OGC 
CIO 
CFO 
OCA 
OIG 
Office Directors, Regions, ACRS, ACNW, ASLBP (via E-Mail) 
PDR 
DCS 
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FEDERAL REGISTER NOTICE
 



[7590-01-P] 

NUCLEAR REGULATORY COMMISSION
 

10 CFR Parts 2, 19, 20, 21, 30, 40, 51, 60, 61, and 63
 

RIN 3150-AG04
 

Disposal of High-Level Radioactive Wastes in a Proposed Geologic Repository at Yucca 

Mountain, Nevada 

AGENCY: Nuclear Regulatory Commission. 

ACTION: Proposed Rule. 

SUMMARY: The U.S. Nuclear Regulatory Commission (NRC) is proposing licensing criteria for 

disposal of spent nuclear fuel and high-level radioactive wastes in the proposed geologic 

repository at Yucca Mountain, Nevada. These criteria will address the performance of the 

repository system at Yucca Mountain, a system that must comprise both natural and 

engineered barriers. Also included are licensing procedures, criteria for public participation, 

records and reporting, monitoring and testing programs, performance confirmation, quality 

assurance, personnel training and certification, and emergency planning. The proposed criteria 

will apply specifically and exclusively to the proposed repository at Yucca Mountain. Consistent 

with this intent, the Commission proposes to modify its generic criteria for disposal of spent 

nuclear fuel and high-level radioactive wastes in geologic repositories at 10 CFR Part 60 to 

make clear that they do not apply, nor may they be the subject of litigation, in any NRC 

licensing proceeding for a repository at Yucca Mountain. 



DATES: Submit comments by [insert date 75 days after publication]. Comments received after 

this date will be considered if it is practical to do so, but the NRC is able to assure consideration 

only for comments received on or before this date. 

ADDRESSES: Comments may be sent by mail to the Secretary, U.S. Nuclear Regulatory 

Commission, Washington, DC 20555-0001, Attention: Rulemakings and Adjudications Staff. 

Hand deliver comments to 11555 Rockville Pike, Rockville, Maryland, between 7:30 am 

and 4: 15 pm on Federal workdays. 

You may also provide comments via the NRC's interactive rulemaking web site through 

the NRC home page (http://www.nrc.gov).This site provides the availability to upload 

comments as files (any format), if your web browser supports that function. For information 

about the interactive rulemaking site, contact Ms. Carol Gallagher (301) 415-5905; e-mail 

CAG@nrc.gov. 

Certain documents related to this rulemaking, including comments received and the 

regulatory analysis, may be examined at the NRC Public Document Room, 2120 L Street NW. 

(Lower Level), Washington, DC. These same documents also may be viewed and downloaded 

electronically via the interactive rulemaking website established by NRC for this rulemaking. 

FOR FURTHER INFORMATION CONTACT: Timothy McCartin, Office of Nuclear Material 

Safety and Safeguards, U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001, 

telephone (301) 415-6681; e-mail tjm3@nrc.gov, or Clark Prichard, Office of Nuclear Material 

Safety and Safeguards, U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001, 

telephone (301) 415-6203; e-mail cwp@nrc.gov. 
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VIII. Multiple Barriers and Defense in Depth 

The defense-in-depth principle has served as a cornerstone of NRC's deterministic 

regulatory framework for nuclear reactors, and it provides an important tool for making 
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regulatory decisions, with regard to complex facilities, in the face of significant uncertainties. 

NRC also has applied the concept of defense-in-depth elsewhere in its regulations to ensure 

safety of licensed facilities through requirements for multiple, independent barriers, and, where 

possible, redundant safety systems and barriers. Traditionally, the reliance on independence 

and redundancy of barriers has been used to provide assurance of safety when reliable, 

quantitative assessments of barrier reliability are unavailable. The Commission maintains, as it 

has in the past, that the application of the defense-in-depth concept to a geologic repository is 

appropriate and reasonable. The Commission now believes, however, that its implementation, 

in the context of a geologic repository, should be reexamined, in light of the advancement in 

methods to quantitatively assess the components of a geologic repository system and with due 

consideration of the Commission's goal of a regulatory program and associated requirements 

that are risk-informed and performance-based. 

Development of NRC's regulations for geologic disposal in 1983 represented a unique 

application of the defense-in-depth philosophy to a first-of-a-kind type of facility. While waste is 

being emplaced, and before a geologic repository is closed, its operation may be amenable to 

regulation comparable to other operating nuclear fuel cycle facilities licensed by NRC. 

Application of defense-in-depth principles for regulation of repository performance, for long time 

periods following closure, however, must account for the difference between a geologic 

repository and an operating facility with active safety systems and the potential for active control 

and intervention. A closed repository is essentially a passive system, and assessment of its 

safety over long timeframes is best evaluated through consideration of the relative likelihood of 

threats to its integrity and performance. Although it is relatively easy to identify multiple, diverse 

barriers that comprise the engineered and geologic systems, the performance of any of these 

systems and their respective subsystems cannot and should not be considered either truly 
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independent or totally redundant. 

As stated earlier, NWPA mandated that technical criteria developed by the Commission 

"...shall provide for the use of a system of multiple barriers in the design of the repository." How 

the performance of those barriers should be assessed, consistent with the Commission's policy 

of defense-in-depth, was a major issue throughout the development and promulgation of the 

Commission's generic regulations at 10 CFR Part 60 and continues to be of concern as the 

Commission contemplates new regulations for Yucca Mountain. 

Well before NWPA was enacted, the Commission had considered the appropriate bases 

for establishing regulations for HLW disposal. In developing proposed generic technical criteria 

for Part 60, the Commission placed primary emphasis on the need to compensate for the large 

uncertainty that is inherent in the assessment of the long-term performance of HLW disposal 

systems. The Commission expressed its view, then, that the state-of-the-art in the earth 

sciences was such that all the uncertainties related to predicting long-term performance of a 

repository could not be resolved through consideration of the geologic setting alone. 

It should be noted that during the late 1970s and early 1980s, when the Commission 

was first considering the development of proposed technical criteria for geologic repositories, 

quantitative techniques for assessing repository performance were in their infancy. The lack of 

experience with, and confidence in, quantitative methods for addressing the uncertainties 

associated with estimates of repository performance weighed heavily as the Commission 

considered options for formulating generic regulations for HLW disposal. As will be discussed 

later in this statement, the Commission now believes that the application of such methods has 

matured sufficiently to move away from its earlier approach. 

As Part 60 was being developed, the Commission gave serious consideration to a 

"systems approach," that is, regulation of a repository system through a single figure of merit, 
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that of overall system performance, leaving maximum flexibility for determining the extent and 

focus of site characterization, and for the designer to make trade·offs among components of the 

system. It was noted that this approach could include a requirement that the system design 

incorporate multiple barriers to compensate for uncertainty in overall system performance. It 

was believed, at the time, however, that compensation for uncertainties in assessing the 

system's overall performance could only be achieved by introducing conservatism. Intentional 

addition of conservatism, either by making the measure of performance unduly stringent or by 

using worst-case, bounding assumptions in the evaluation, was argued to be impractical from a 

regulatory point of view. 

Instead, the Commission opted to prescribe minimum performance standards for each 

of the major system elements (as they were envisioned at the time) as well as to require the 

overall system to comply with the primary performance objective, namely, whatever standards 

EPA would eventually establish. This approach was thought to have two advantages over the 

systems approach, if the barriers were chosen judiciously. It was argued that barriers could be 

prescribed, generically, which act "independently," and that generic performance measures for 

these "independent" barriers could be selected that would reduce calculational uncertainty. 

Identification of such subsystem performance measures was expected to be helpful input to 

DOE's design process, without being overly restrictive. It is now recognized that NRC 

attempted to define such criteria on the basis of limited, existing knowledge, without benefit of 

research and site·specific information that only later was acquired during characterization of a 

specific site at Yucca Mountain. 

The vast majority of comments received on the proposed Part 60 favored a "systems 

approach." Nevertheless, in publishing its final rule (48 FR 28194), the Commission elected to 

retain the proposed approach, stating that" ... in simply adopting the EPA standard as the sole 
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measure of performance, it [the Commission] would have failed to convey in any meaningful 

way the degree of confidence which it expects must be achieved in order for it to be able to 

make the required licensing decisions" and, further that .....The Commission firmly believes that 

the performance of the engineered and natural barriers must each make a definite contribution 

in order for the Commission to be able to conclude that the EPA standard will be met." 

In support of the final rule, the Commission examined how particular values for the 

performance of the proposed barriers would assist in concluding that compliance with the EPA 

standards had been demonstrated, given an assumed set of anticipated processes and events. 

Final EPA standards still had not been promulgated, so analyses were conducted based on 

NRC staff assumptions regarding the final standards. These analyses, based on a simplified 

modeling study for a hypothetical repository located in a variety of saturated geologic media, 

were documented as NUREG-0804 -- "Staff Analyses of Public Comments on Proposed Rule 

10 CFR Part 60, Disposal of High-Level Radioactive Wastes in Geologic Repositories." For 

many, but by no means all, of the cases examined, compliance with the proposed SUbsystem 

performance objectives did increase the probability of meeting the assumed EPA standards. 

NRC was not able to demonstrate, however, that compliance with the subsystem criteria alone 

was sufficient to meet the assumed EPA standards, nor that compliance with the assumed EPA 

standards would suffice to assure compliance with the subsystem criteria. For the cases 

analyzed, however, it was asserted that the analyses .....demonstrate that compliance with 

10 CFR Part 60 can substantially increase confidence that the assumed EPA standard[s] will be 

met." 

Lastly, in order to address concerns that quantitative subsystem performance criteria 

may unduly restrict the applicant's flexibility, the Commission modified the proposed rule to 

explicitly recognize the potential need to change the subsystem objectives to account for unique. 
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features of a specific site or design. This flexibility was provided at § 60.113 (b). 

Since their promulgation, the sUbsystem criteria in § 60.113, in particular, have not 

gained broad acceptance in the technical community. These criteria have been criticized as 

overly prescriptive, lacking in both a strong technical basis and a clear technical nexus to the 

overall performance objective (i.e., the EPA standards), and unclear in their wording. 

In contrast to the state of performance assessment technology assumed at the time 

Part 60 criteria were put in place, the NAS Committee on Technical Bases for Yucca Mountain 

Standards found, in 1995, that the physical and geologic processes relevant to a Yucca 

Mountain repository: "...are sufficiently quantifiable and the related uncertainties sufficiently 

boundable that the performance [of a repository] can be assessed over timeframes during 

which the geological system is relatively stable or varies in a boundable manner." As has been 

described earlier, it was a lack of confidence in this capability to quantify overall performance 

and adequately bound uncertainty that factored prominently in the Commission's decision to 

include quantitative subsystem requirements in the Part 60 regulations. Also, as discussed 

earlier, NAS cautioned against implementation of multiple barriers through the use of 

subsystem performance requirements. In addition, the Commission's Advisory Committee on 

Nuclear Waste (ACNW) recently recommended that the Commission implement the concept of 

defense in depth by ensuring that the effectiveness of individual barriers be identified explicitly 

in the total system performance assessment (TSPA), but specifically did not endorse the 

establishment of rule-based subsystem requirements for Yucca Mountain. The ACNW noted 

that "...an overall performance-based regulation in the context of a risk-based standard is a 

superior tool for promoting safety relative to imposed subsystem requirements. (see letters 

• dated October 31, 1997 and March 6, 1998)." 
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Upon review of this regulatory history, the Commission is persuaded that much of the 

basis for NRC's initial development of the specific numerical values for the subsystem criteria 

was generic judgment with regard to what was (and was not) feasible with regard to the 

quantitative assessment of long-term repository performance. Because the stated goal was to 

compensate for uncertainty, there was never any attempt to derive the subsystem performance 

criteria from a specified dose or risk level or from some projected dose or risk reduction 

expected to be achieved by their application. Furthermore, after 15 years of experience in 

working with the requirements of Part 60, the Commission is concerned that, for the Yucca 

Mountain site, the application of the subsystem performance criteria at § 60.113 may impose 

significant additional expenditure of resources on the nation's HLW program, without producing 

any commensurate increase in the protection of public health and safety. 

Specifically, when the Part 60 subsystem criteria were selected, they were intended to 

be separate, "independent," easily-determined measures of subsystem performance, 

determination of which would require only application of technology that was readily available. 

Extensive experience with site-specific performance assessment has shown them to be none of 

these. For example, because container performance, release rate, and ground-water travel 

time will be derived from the same general data and knowledge base as the TSPA, they are 

subject to many, if not all, of the same uncertainties. Furthermore, waste package performance 

and release rate are both a function of available water; therefore, it is arguable whether the 

existing (or any other) subsystem measures can provide truly independent assurance of total 

system performance. 

Nevertheless, despite its reconsideration of the merits of establishing quantitative 

criteria for the performance of repository subsystems, the Commission continues to believe that 

multiple barriers, as required by NWPA, must each make a definite contribution to the isolation 
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of waste at Yucca Mountain, so that the Commission may find, with reasonable assurance, that 

the repository system will be able to achieve the overall safety objective over timeframes of 

thousands of years. Geologic disposal of HLW is predicated on the expectation that a portion 

of the geologic setting will act as a barrier, both to water reaching the waste, and to dissolved 

radionuclides migrating away from the repository, and thus, contribute to the isolation of 

radioactive waste. Although there exists an extensive geologic record ranging from thousands 

to millions of years, this record is subject to interpretation and includes many uncertainties. 

These uncertainti~s can be quantified generally and are addressed by requiring the use of a 

multiple barrier approach; specifically, an engineered barrier system, consisting of one or more 

distinct engineered barriers, is required in addition to the natural barriers implicit in a geologic 

setting. Similarly, although the composition and configuration of engineered structures, as well 

as their capacity to function as barriers, can be defined with q degree of precision not possible 

for natural barriers, it is recognized that except for a few archaeologic analogues, there is no 

experience base for the performance of complex, engineered structures over periods longer 

than a few hundred years. It is expected that DOE will demonstrate that the natural barriers 

and the engineered barrier system will work in combination to enhance overall performance of 

the geologic repository. 

The Commission believes that this approach to multiple barriers is consistent with the 

NAS conclusions and recommendations cited above. The Commission also recognizes, and 

believes, it is important to acknowledge that experience and improvements in the technology of 

performance assessment, acquired over more than 15 years, now provide significantly greater 

confidence in the technical ability to assess comprehensively overall repository performance, 

and to address and quantify the corresponding uncertainty. In addition to extensive reviews of 

evolving TSPAs produced by DOE and its contractors, the Commission, itself, has developed 
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and exercised its own technical capability in the field of repository performance assessment 

(See, for example, Bonano, E. J., et al., "Demonstration of a Performance Assessment 

Methodology for High-Level Waste Disposal in Basalt Formation," NUREG/CR-4759, U.S. 

Nuclear Regulatory Commission, Washington, DC, 1989; "Initial Demonstration of the NRC's 

Capability to Conduct a Performance Assessment for a High-Level Waste Repository," 

NUREG-1327, Division of Waste Management, NUREG-1327,1992; "NRC Iterative 

Performance Assessment Phase 2 - Development of Capabilities for Review of a Performance 

Assessment for a High-Level Waste Repository," NUREG-1464, 1995). 

Drawing from this experience, the Commission is now proposing to require that DOE 

evaluate the behavior of barriers important to waste isolation in the context of the performance 

of the geologic repository. The Commission does not intend to specify numerical goals for the 

performance of individual barriers. Such an approach will require DOE to provide an analysis 

that: 1) identifies those design features of the engineered barrier system, and natural features 

of the geologic setting, that are considered barriers important to waste isolation; 2) describes 

the capability of these barriers to isolate waste, taking into account uncertainties in 

characterizing and modeling the barriers; and 3) provides the technical basis for the description 

of the capability of these barriers. In implementing this approach, the Commission proposes to 

incorporate flexibility into its regulations by requiring DOE to demonstrate that the geologic 

repository comprises multiple barriers but not prescribe which barriers are important to waste 

isolation or the methods to describe their capability to isolate waste. 

DOE could select from a variety of methods in order to demonstrate the capability of 

barriers to isolate waste. Regardless of the method and the level of quantification, it is 

expected that the capability of individual barriers to perform their intended function and the 

relationship of that function to limiting radiological exposure would be described. In parallel with 
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this rulemaking, NRC staff is developing guidance in the form of a Yucca Mountain Review 

Plan. In this review plan, guidance will be provided on acceptable methods for demonstrating 

compliance with the multiple barrier requirement that could include, but not necessarily be 

limited to, performing sensitivity analyses, modeling the behavior of individual barriers, 

quantifying how individual barriers contribute to performance, and delineating the capabilities of 

the barriers to isolate waste. The Commission believes that it is appropriate to afford DOE 

flexibility in selecting the methods to demonstrate the waste isolation capability of the multiple 

barriers that must comprise its repository design. The proposed requirements will provide for a 

system of multiple barriers and an understanding of the resiliency of the geologic repository 

provided by the barriers important to waste isolation to ensure defense in depth and increase 

confidence that the postclosure performance objective will be achieved. 

IX. Performance Assessment 

Demonstration of compliance with the postclosure performance objective specified at 

§ 63.113(b) requires a performance assessment that quantitatively estimates the expected 

annual dose, over the compliance period and weighted by probability of occurrence, to the 

average member of the critical group. Performance assessment is a systematic analysis of 

what can happen at the repository after permanent closure, how likely it is to happen, and what 

can result, in terms of dose to the average member of the critical group. Taking into account, 

as appropriate, the uncertainties associated with data, methods, and assumptions used to 

quantify repository performance, the performance assessment is expected to provide a 

quantitative evaluation of the overall system's ability to achieve the performance objective 

(§ 63.113 (b». Consistent with EnPA and the NAS recommendations, the Commission 
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proposes that the results of performance assessment shall be the sole quantitative measure 

used to demonstrate compliance with the postclosure individual dose limit. 

In order to find that issuance of a license will not constitute an unreasonable risk to the 

health and safety of the public, the Commission must have reasonable assurance that the 

required performance assessment has demonstrated that, following permanent closure, for the 

duration of the compliance period and considering the likelihood of occurrence of adverse 

natural events, annual exposures to the average member of the critical group will not exceed 

the individual dose limit of .25 mSv (25 mrem) TEDE. Although the performance objective for 

the geologic repository after permanent closure (§ 63.113) is generally stated in unqualified 

terms, it is not expected that complete assurance that the requirement will be met can be 

presented. A reasonable assurance, on the basis of the record before the Commission, that 

the performance objective will be met is the general standard that is required. Proof that the 

geologic repository will be in conformance with the objective for postclosure performance is not 

to be had in the ordinary sense of the word because of the uncertainties inherent in the 

understanding of the evolution of the geologic setting, biosphere, and engineered barrier 

system. For such long-term performance, what is required is reasonable assurance, making 

allowance for the time period, hazards, and uncertainties involved, that the outcome will be in 

conformance with the objective for postclosure performance of the geologic repository. 

Demonstrating compliance, by necessity, will involve the use of complex predictive models that 

are supported by limited data from field and laboratory tests, site-specific monitoring, and 

natural analog studies that may be supplemented with prevalent expert jUdgment. Further, in 

reaching a determination of reasonable assurance, the Commission may supplement numerical 

analyses with qualitative judgments including, for example, consideration of the degree of 

diversity or redundancy among the multiple barriers of the geologic repository. 
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Because of the significance of the performance assessment as the sole quantitative 

measure of compliance, it is essential that the performance assessment be scientifically 

defensible and transparent. For this reason, the Commission considers it important to specify, 

at § 63.114, requirements for a complete and high-quality performance assessment. A 

defensible performance assessment should contain a technical rationale for those features, 

events, and processes that have been included in the performance calculation, as well as those 

that have been considered but were excluded. The features, events, and processes (i.e., 

specific conditions or attributes of the geologic setting; degradation, deterioration, or alteration 

of the engineered barriers; and interactions between the natural and engineered barriers) 

considered for inclusion in the assessment should represent a wide range of beneficial and 

detrimental effects on performance. Features, events, and processes should be considered in 

light of available data and current scientific understanding, and alternative conceptual models 

that are consistent with such data and understanding should be evaluated. Inclusion of 

alternative models should be based, however, on reasonable interpretation of available 

information, and should not be driven by open-ended speculation. To this end, the Commission 

is proposing to constrain speculation by defining a lower limit on the probability of events and 

processes that need to be considered and requiring inclusion of only those features and 

processes, and higher probability events that significantly change the expected annual dose. 

The performance assessment will rely, by necessity, on computer modeling to 

determine whether a proposed geologic repository meets the performance objectives. Such 

reliance on computer simulation has become commonplace for determining the likely 

performance of complex engineered systems. In most applications, it is accompanied by a 

rigorous testing program, involving model "validation" and "verification," to ensure that the 

simulated system behavior is sufficiently consistent with empirically observed behavior to meet 
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the need of the application at hand. The Commission expects that DOE will take reasonable 

and practical measures to ensure that its performance assessment provides a credible 

representation of a geologic repository at Yucca Mountain. For example, assurance of the 

soundness of the performance assessment cannot and will not involve the comparison of 

simulated behavior of a geologic repository with empirical observation over tens of kilometers 

and tens of thousands of years. At best, assurance for the performance assessment will 

involve comparison of simulations with observations drawn from an integrated program of 

laboratory tests, field tests, and analog studies that starts with site characterization and 

continues, as appropriate, through the performance confirmation period. To the extent that 

DOE's performance assessment provides a credible representation of a geologic repository, the 

Commission expects no more than that and believes that no more is needed. When the NWPA 

became law in 1982, and when it was revisited in 1987, and again in 1992, the limits on human 

knowledge that are attendant to confirming performance of a geologic repository were well 

known. The Commission does not believe that these laws were passed with the intention of 

creating an impossible task. Accordingly, the Commission has included, at §§ 63.101 (a)(2) and 

63.101 (b), explanations regarding the purpose and nature ofthe findings it will make. 

To be transparent, DOE's performance assessment must contain an evaluation of the 

performance of the geologic repository relative to compliance with the individual dose limit and 

an explanation of how the estimated performance was achieved. Section 63.113(b) requires 

that compliance with the individual dose limit be demonstrated through the calculation of an 

expected annual dose. The expected annual dose is the expected value of the annual dose 

considering the probability of the occurrence of the events and the uncertainty, or variability, in 

parameter values used to describe the behavior of the geologic repository (the expected annual 

dose is calculated by accumulating the dose estimates for each year, where the dose estimates 
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are weighted by the probability of the events and the parameters leading to the dose estimate). 

Demonstration of compliance with the individual dose limit will need to include an estimate of 

the expected annual dose to the average member of the critical group that. for any single year 

within the compliance period, is below the limit. Explanation of how the estimated performance 

was achieved should reveal an understanding of the relationship between the performance of 

individual components or subsystems of the geologic repository and the total system 

performance. Such understanding would be used to build confidence that the expected annual 

dose, as asserted in the license application, is a reasonable estimate of the performance of the 

geologic repository. Consistent with a performance-based philosophy, the Commission 

proposes to permit DOE the flexibility to select the approach for demonstrating this relationship 

that is most appropriate to its analysis. 

x. Institutional Controls 

The Commission is proposing to require DOE to institute active, as well as passive, 

control measures to reduce the potential for inadvertent human intrusion into the site. 

Reasonably prudent. active institutional controls, consistent with the requirements of 

Section 801 (c) of EnPA, should be maintained at the site for as long as possible. The 

Commission is also proposing that DOE's passive control measures should be designed to 

serve their intended purpose for as long as practicable. 

Section 801 (b) of EnPA requires that: 

...the Commission's requirements assume, to the extent consistent with the findings and 

recommendations of the National Academy of Sciences, that following repository 

closure, the inclusion of engineered barriers and the Secretary's postclosure oversight 
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JNS-99-02 
MEMORANDUM 

TO: Andrew C. camPb~l 
FROM: J. N. Sorensen . 
DATE: February 11, 1 9 
SUBJECT: Defense in Depth in the Geologic Repository 

Introduction 

Defense in depth is a safety strategy which provides 
successive protective measures to guard against unwanted 
events. In the field of nuclear safety, the term is 
commonly used in two different senses. The first is to 
denote an overall safety philosophy such as: (1) prevent 
accident initiators from occurring, (2) terminate accident 
sequences quickly, and (3) mitigate accidents that are not 
successfully terminated. The second usage is to denote 
multiple physical barriers preventing the release of 
radioactive materials. In the case of a radioactive waste 
repository, the term defense in depth is usually understood 
to mean the multiple engineered and geologic barriers 
established between the waste and the human environment. 

Altho~gh there is no preferred definition in the regulatory 
context, there seems to be general agreement on a few 
essential attributes. The first such attribute is the idea 
of successive barriers; if one barrier fails, another 
barrier is available to perform nearly the same function. 
The second attribute is that the barriers provided should be 
independent of one another, and not be subject to a common 
failure mode. The third attribute is the concept of 
providing a suitable balance between the prevention of 
unwanted events, and mitigating the consequences of such 
events. 

Department of Energy's Treatment of Defense in Depth 

A preliminary review of the "Repository Safety Strategy," 
(RSS, YMP/96-01, Revision 2), relevant parts of the TSPA-VA 
Technical Basis Document (TBD, Chapter 11) and the Viability 
Assessment of a Repository at Yucca Mountain (VA), reveals 
frequent references to defense in depth as an essential 
element of ensuring satisfactory post-closure performance. 
At thisestage in the evolution of the design, however, the 
analysts which will establish the degree of defense in depth 
that can be achieved have not been done. 
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The RSS identifies five elements of a competent postclosure 
safety case: 

•	 Assessment of expected postclosure performance and 
supporting evidence 

•	 Design margin and defense in depth 
•	 Consideration of disruptive processes and events 
•	 Insights from natural and man-made analogs 
•	 A performance confirmation plan. 

The document then defines design margin as the " ... margin 
of safety incorporated in specifications for engineered 
components in order to account for uncertainty in the 
conditions and variability in the material properties. II 

Defense in depth is defined as " ... the use of multiple 
barriers to mitigate uncertainties in conditions, processes 
and events. II The brief discussion which follows these 
definitions treats "design margin and defense in depth" 
together, and does not distinguish one from the other. The 
RSS states that the repository system " ... will rely on 
multiple engineered and natural barriers against the 
movement of water and radionuclides and invoke other 
measures beyond those that can be explicitly demonstrated in 
a total system performance assessment. II It goes on to say, 
"Explicit analyses to address design margin and defense in 
depth have not yet been conducted. II This is followed by a 
discussion of the nature of the work needed to complete the 
safety case, which again does not separate design margin 
from defense in depth. 

The RSS concludes the discussion of defense in depth by 
saying liThe system evaluations of design margin and defense 
in depth will evaluate system performance for the designs 
under consideration, and assess both the uncertainty in that 
estimate and the degree of margin in meeting performance 
criteria. They will evaluate design margin in particular by 
considering the effect of neutralizing each of the barriers 
that contribute to performance. These analyses will 
transparently display the degree of reliance on individual 
elements of the system and the degree to which lower than 
expected performance of one barrier may be compensated for 
the performance of another. II 

In a December 1998 presentation to the ACNW, the CRWMS M&O 
Contractor discussed postclosure defense in depth. In that 
presentation it was stated that "defense in depth [is] 
needed to assure safety when quantitative assessment 
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includes significant uncertainties." Defense in depth was 
then described as a " ... safety philosophy that employs 
multiple protective measures to ensure that failure in any 
one of them does not imply failure of the entire system." 
The concept was further amplified by stating that, "In 
general, defense in depth means 

•	 Multiple physical barriers to assure safety in 
design basis events 

•	 Conservatism, redundancy, and diversity in system 
design 

•	 Other measures (e. g., QA, emergency plans) .11 

The process for evaluating defense in depth was described 
as: 

•	 "Evaluate expected performance and identify 
principal barriers 

•	 Determine threats to performance -- select 
neutralizations 

•	 Neutralize barriers reflecting threats 
determine contribution of each barrier to total 
system performance 

•	 Evaluate overall postclosure defense in depth 
provided by system." 

The presentation included two examples of the above process, 
one evaluating the contribution of overlying rock units and 
one evaluating the contribution of the drift invert. 
Neither example included quantitative results. 

The development and evaluation of defense in depth is not 
carried any farther in the Viability Assessment published in 
December 1998. The concept of defense in depth is 
discussed, along with its role in establishing the 
repository design, but no systematic evaluation of defense 
in depth for a conceptual design has been undertaken. As a 
result, it is not yet possible to arrive at a judgement that 
the repository design is likely to meet NRC expectations 
with respect to defense in depth. 

Current Regulatory Requirements 

For the geologic repository, defense in depth has been 
firmly identified with multiple physical barriers, and 
possibly with the provisions that might be made to protect 
those barriers. Attributes ascribed to defense in depth in 
active systems (redundancy, diversity and independence) may 
not be truly achievable in a completely passive system. 
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This may be true especially where some of the key parameters 
(those associated with the geologic setting) cannot be 
controlled. 

The proposed 10 CFR 63 does not define defense in depth, nor 
does the term appear in the rule itself. The supplementary 
information to be published with the proposed rule contains 
a discussion of multiple barriers and defense in depth. 
That discussion states, in part, "The defense-in-depth 
principle has served as a cornerstone of NRC's deterministic 
regulatory framework for nuclear reactors, and it provides 
an important tool for making regulatory decisions, with 
regard to complex facilities, in the face of significant 
uncertainties." This is followed by a discussion of the 
relationship between multiple barriers and defense in depth 
in the context of a geologic repository, and ultimately 
concludes, "The Commission does not intend to specify 
numerical goals for the performance of individual barriers. 
Such an approach will require DOE to provide an analysis 
that: 1) identifies those design features ... that are 
considered important to waste isolation; 2) describes the 
capabilities of these barriers to isolate waste . . . and 3) 
provides the technical basis for the description of the 
capability of these barriers." The requirement for defense 
in depth is thus limited to a requirement for multiple 
barriers and a requirement to display the contribution of 
each barrier to the waste isolation function. 

Although no judgements can yet be made on the ease or 
difficulty of incorporating adequate provisions for defense 
in depth in the geologic repository, the regulatory context 
described above suggests some observations on DOE's 
discussion of defense in depth. The first observation is 
that DOE has not clearly differentiated the concept of 
defense in depth from the concept of design margin and other 
contributors to meeting the overall system performance 
standard. Normal engineering practice includes conservative 
design, appropriate margins of safety, and assurance of the 
quality of design, fabrication and installation. Defense in 
depth, which DOE often mentions in the same sentence with . 
design margin, is fundamentally different. Defense in depth 
incorporates the concepts of redundancy, diversity, and 
independence. Design margin is the concept of providing 
more of something that is already present, such as greater 
material thickness or more heat transfer capacity. 
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The overall impression from the DOE discussions of defense 
in depth is that everything that somehow increases the 
probability of meeting the performance standard is part of 
defense in depth. One example is DOE's inclusion of quality 
assurance as an element of defense in depth. Some 
authorities (for example, the International Safety Advisory 
Group of the IAEA) do not consider QA to be an element of 
defense in depth. Within the context created by the 
proposed Part 63, quality assurance is neither a physical 
nor a systematic barrier. Rather, it is an integral 
component of all barriers or lines of defense. In 
particular, it is difficult to see how the contribution of 
QA to overall system performance can be isolated and 
displayed as contemplated by Part 63. 

Guidance on Defense in Depth in Reactor Regulation 

In 1998, the reactor regulatory staff published Regulatory 
Guide 1.174, "An Approach for Using Probabilistic Risk 
Assessment in Risk-Informed Decisions on Plant-Specific 
Changes to the Current Licensing Basis." This guide 
establishes an approach to risk-informed decision making, 
acceptable to the staff, which includes the provision that 
proposed changes to the current licensing basis be must 
consistent with the defense in depth philosophy. The guide 
then states that consistency with the defense in depth 
philosophy is maintained if: 

•	 a reasonable balance among prevention of core 
damage, prevention of containment failure, and 
consequence mitigation is preserved 

•	 over-reliance on programmatic activities to 
compensate for weakness in plant design is avoided 

•	 system redundancy, independence, and diversity are 
preserved commensurate with the expected 
frequency, and consequences of challenges to the 
system and uncertainties . 

•	 defenses against potential common cause failures 
are preserved and the potential for introduction 
of new common cause failure mechanisms is assessed 

•	 independence of barriers is not degraded 

•	 defenses against human error are preserved 
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•	 the intent of the General Design Criteria in 10 
CFR Part 50, Appendix A, is maintained. 

It is apparent that these seven attributes of defense in 
depth have little applicability to a passive system such as 
the repository. The idea of balance, avoiding over reliance 
on a single barrier, has meaning in the repository. The 
concepts of redundancy, diversity, and independence also are 
meaningful, but they may not be achievable in a system that 
partially depends on the natural setting. 

It is not unreasonable to contemplate that guidance, similar 
to that described above for reactors, may be required for 
the repository. Both the NRC staff and the applicant may 
require some criteria for judging the acceptability of 
provisions for defense in depth. 

c:	 R. P. Savio 
J. T. Larkins 



February 24, 1999 

MEMORANDUM TO: William D. Travers 
Executive Director for Operations 

FROM: Annette L. Vietti-Cook, Secretary lsi 

SUBJECT:	 STAFF REQUIREMENTS - SECY-98-144 - WHITE PAPER ON 
RISK-INFORMED AND PERFORMANCE-BASED REGULATION 

The Commission has approved the issuance of the white paper which defines the terms and 
Commission expectations for risk-informed and performance-based regulation. The paper 
should be prepared for issuance by the Commission for use by the NRC and interested parties. 

Attachment: 
As stated 

cc:	 Chairman Jackson 
Commissioner Dicus 
Commissioner Diaz 
Commissioner McGaffigan 
Commissioner Merrifield 
OGC 
CIO 
CFO 
OCA 
OIG 
OPA 
Office Directors, Regions, ACRS, ACNW, ASLBP (via E-Mail) 
PDR 
DCS 



Attachment 

Risk-Informed and Performance-Based Regulation 

The NRC has established its regulatory requirements, in both reactor and materials 
applications, to ensure that "no undue risk to pUblic health and safety" results from licensed 
uses of Atomic Energy Act (AEA) materials and facilities. The objective of these requirements 
has always been to assure that the probabilities of accidents with the potential for adversely 
affecting public health and safety are low. For reactors, these probabilities were not quantified 
in a systematic way until 1975 when the Reactor Safety Study (WASH-1400) was pUblished. 
For non-reactor activities, the situation is more complex. In some areas, high-level waste 
disposal and transportation, risk assessment has been in use since the 1970s; in others, such 
quantification is still evolving. Consequently, most of NRC's regulations were developed 
without the benefit of quantitative estimates of risk. The perceived benefits of the deterministic 
and prescriptive regulatory requirements were based mostly on experience, testing programs 
and expert judgment, considering factors such as engineering margins and the principle of 
defense-in-depth. 

There have been significant advances in and experience with risk assessment methodology 
since 1975. Thus, the Commission is advocating certain changes to the development and 
implementation of its regulations through the use of risk-informed., and ultimately performance
based approaches. The Probabilistic Risk Assessment (PRA) Policy Statement (60 FR 42622, 
August 16, 1995) formalized the Commission's commitment to risk-informed regulation through 
the expanded use of PRA. The PRA Policy Statement states, in part, "The use of PRA 
technology should be increased in all regulatory matters to the extent supported by the state of 
the art in PRA methods and data, and in a manner that complements the NRC's deterministic 
approach and supports the NRC's traditional defense-in-depth philosophy." 

The transition to a risk-informed regulatory framework is expected to be incremental. Many of 
the present regulations are based on deterministic and prescriptive requirements that cannot be 
quickly replaced. Therefore, the current requirements will have to be maintained while risk
informed and/or performance-based regulations are being developed and implemented. 

To understand and apply the commitment expressed in the PRA Policy Statement, it is 
important that the NRC, the regulated community, and the public at large have a common 
understanding of the terms and concepts involved; an awareness of how these concepts (in 
both reactor and materials arenas) are to be applied to NRC rulemaking, licensing, inspection, 
assessment, enforcement, and other decision-making; and an appreciation of the transitional 
period in which the agency and industry currently operate. 

1.	 Risk and Risk Assessment: This paper defines risk in terms that can be applied to the 
entire range of activities involving NRC licensed use of AEA materials. The risk 
definition takes the view that when one asks, 'What is the risk?" one is really asking 
three questions: 'What can go wrong?" "How likely is it?" and 'What are the 
consequences?" These three questions can be referred to as the "risk triplet." The 
traditional definition of risk, that is, probability times consequences, is fully embraced by 
the ''triplet'' de'finition of risk. 



The first question, "What can go wrong?" is usually answered in the form of a "scenario" 
(a combination of events and/or conditions that could occur) or a set of scenarios. 

The second question, "How likely is it?" can be answered in terms of the available 
evidence and the processing of that evidence to quantify the probability and the 
uncertainties involved. In some situations, data may exist on the frequency of a 
particular type of occurrence or failure mode (e.g., accidental overexposures). In other 
situations, there may be little or no data (e.g., core damage in a reactor) and a 
predictive approach for analyzing probability and uncertainty will be required. 

The third question, "What are the consequences?" can be answered for each scenario 
by assessing the probable range of outcomes (e.g., dose to the pUblic) given the 
uncertainties. The outcomes or consequences are the "end states" of the analyses. 
The choice of consequence measures can be whatever seems appropriate for 
reasonable decision-making in a particular regulated activity and could involve 
combinations of end states. 

A risk assessment is a systematic method for addressing the risk triplet as it relates to 
the performance of a particular system (which may include a human component) to 
understand likely outcomes, sensitivities, areas of importance, system interactions and 
areas of uncertainty. From this assessment the important scenarios can be identified. 

2.	 Deterministic and Probabilistic Analyses: All safety regulation ultimately is concerned 
with risk and addresses the three questions discussed in item 1 above. In practice, 
NRC addresses these three questions through the body of regulations, guidance, and 
license conditions that it uses to regulate the many activities under its jurisdiction. The 
current body of regulations, guidance and license conditions is based largely on 
deterministic analyses and implemented by prescriptive requirements. As described in 
the PRA Policy Statement, the deterministic approach to regulation establishes 
requirements for engineering margin and for quality assurance in design, manufacture, 
and construction. In addition, it assumes that adverse conditions can exist and 
establishes a specific set of design basis events (Le., what can go wrong?). The 
deterministic approach involves implied, but unquantified, elements of probability in the 
selection of the specific accidents to be analyzed as design basis events. It then 
requires that the design include safety systems capable of preventing and/or mitigating 
the consequences (Le., what are the consequences?) of those design basis events in 
order to protect public health and safety. Thus, a deterministic analysis explicitly 
addresses only two questions of the risk triplet. In addition, traditional regulatory 
analyses do not integrate results in a comprehensive manner to assess the overall 
safety impact of postulated initiating events. 

PRA and other risk assessment methods (also described in the PRA Policy Statement) 
considers risk (Le., all three questions) in a more coherent, explicit, and quantitative 
manner. Risk assessment methodology examines systems and their interactions in a 
integrated, comprehensive manner. Probabilistic analysis explicitly addresses a broad 
spectrum of initiating events and their event frequency. It then analyzes the 
consequences of those event scenarios and weights the consequences by the 
frequency, thus giving a measure of risk. 

Since risk assessment methods were first used to gain a better understanding of the risk 



associated with some of the activities and facilities that NRC regulates, substantial event 
data and increased sophistication and experience in the use of certain risk assessment 
methods (e.g., Probabilistic Risk Assessment (PRA), Integrated Safety Assessment 
(ISA), and Performance Assessment (PA)) has been acquired. Accordingly, there is 
now the opportunity to enhance the traditional approach by more explicitly addressing 
risk and incorporating the insights thus gained. 

While the traditional deterministic approach to regulation has been successful in 
ensuring no undue risk to public health and safety in the use of nuclear materials, 
opportunities for improvement exist. Given the broad spectrum of equipment and 
activities covered, the regulations can be strengthened and resources allocated to 
ensure that they are focused on the most risk-significant equipment and activities, and 
to ensure a consistent and coherent framework for regulatory decision-making. The 
different "risk-informed" and/or "performance-based" approaches to regulation described 
below, if properly applied singly or in combination, would provide such a framework. 

3.	 "Risk Insights": The term "risk insights", as used here, refers to the results and findings 
that come from risk assessments. The end results of such assessments may relate 
directly to public health effects as in the Commission's Safety Goals for the Operations 
of Nuclear Power Plants. For specific applications the results and findings may take 
other forms. For example, for reactors these include such things as identification of 
dominant accident sequences, estimates of core damage frequency (CDF)1 and large 
early release frequency (LERF)2, and importance measures of structures, systems, and 
components. On the other hand, in other areas of NRC regulation, findings and results 
include risk curves3 for disposal facilities for radioactive wastes, frequency of and costs 
associated with accidental smelting of sealed sources at steel mills, frequency of 
occupational exposures, predicted dose from decommissioned sites and many others. 

Risk insights have already been incorporated successfully into numerous regUlatory 
activities, and have proven to be a valuable complement to traditional deterministic 
approaches. Given the current maturity of some risk assessment methodologies and 
the current body of event data, risk insights can be incorporated more explicitly into the 
regUlatory process in a manner that will improve both the efficiency and effectiveness of 
current regulatory requirements. 

4.	 "Risk-Based Approach": Regulatory decision-making is required in both the 
development of regulations and guidance and the determination of compliance with 
those regulations and gUidance. A "risk-based" approach to regulatory decision-making 
is one in which such decision-making is solely based on the numerical results of a risk 
assessment. This places heavier reliance on risk assessment results than is currently 

1 CDF is the frequency of the combinations of initiating events, hardware failures, and 
human errors leading to core uncovery with reflooding of the core not imminent. 

2 LERF is the frequency of those accidents leading to significant, unmitigated releases from 
containment in a time-frame prior to effective evacuation of the close-in population such that 
there is a potential for early health effects. 

Risk curves (also known as Complementary Cumulative Distribution Functions (CCDFs) or 
Farmer curves) are estimates of the probability that a given consequence will be exceeded. 
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practicable for reactors due to uncertainties in PRA such as completeness. Note that 
the Commission does not endorse an approach that is "risk-based"; however, this does 
not invalidate the use of probabilistic calculations to demonstrate compliance with 
certain criteria, such as dose limits. 

5.	 "Risk-Informed" Approach: 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. 
A "risk-informed" approach enhances the deterministic approach by: (a) allowing explicit 
consideration of a broader set of potential challenges to safety, (b) providing a logical 
means for prioritizing these challenges based on risk significance, operating experience, 
andlor engineering judgment, (c) facilitating consideration of a broader set of resources 
to defend against these challenges, (d) explicitly identifying and quantifying sources of 
uncertainty in the analysis (although such analyses do not necessarily reflect all 
important sources of uncertainty), and (e) leading to better decision-making by providing 
a means to test the sensitivity of the results to key assumptions. 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. 

6.	 Risk-Informed and Defense-in-Depth Approach: The concept of defense-in-depth4has 
always been and will continue to be a fundamental tenet of regulatory practice in the 
nuclear field, particularly regarding nuclear facilities. Risk insights can make the 
elements of defense-in-depth more clear by quantifying them to the extent practicable. 
Although the uncertainties associated with the importance of some elements of defense 
may be substantial, the fact that these elements and uncertainties have been quantified 
can aid in determining how much defense makes regulatory sense. Decisions on the 
adequacy of or the necessity for elements of defense should reflect risk insights gained 
through identification of the individual performance of each defense system in relation to 
overall performance. 

7.	 "Performance-Based Approach": A regulation can be either prescriptive or 
performance-based. A prescriptive requirement specifies particular features, actions, or 
programmatic elements to be included in the design or process, as the means for 
achieving a desired objective. A performance-based requirement relies upon 
measurable (or calculable) outcomes (Le., performance results) to be met, but provides 
more flexibility to the licensee as to the means of meeting those outcomes. A 
performance-based regulatory approach is one that establishes performance and results 

4Defense-in-depth is an element of the NRC's Safety Philosophy that employs successive 
compensatory measures to prevent accidents or mitigate damage if a malfunction, accident, or 
naturally caused event occurs at a nuclear facility. The defense-in-depth philosophy ensures 
that safety will not be wholly dependent on any single element of the design, construction, 
maintenance, or operation of a nuclear facility. The net effect of incorporating defense-in-depth 
into design, construction, maintenance, and operation is that the facility or system in question 
tends to be more tolerant of failures and external challenges. 



as the primary basis for regulatory decision-making, and incorporates the following 
attributes: (1) measurable (or calculable) parameters (Le., direct measurement of the 
physical parameter of interest or of related parameters that can be used to calculate the 
parameter of interest) exist to monitor system, including facility and licensee 
performance, (2) objective criteria to assess performance based on risk insights, 
deterministic analyses and/or performance history, (3) licensees have flexibility to 
determine how to meet the established performance criteria in ways that will encourage 
and reward improved outcomes; and (4) a framework exists in which the failure to meet 
a performance criterion, while undesirable, will not in and of itself constitute or result in 
an immediate safety concern.. The measurable (or calculable) parameters may be 
included in the regulation itself or in formal license conditions, including reference to 
regulatory gUidance adopted by the licensee. This regulatory approach is not new to the 
NRC. For instance, the Commission previously has approved performance-based 
approaches in 10 CFR Parts 20, 50 (Option B, Appendix J and the Maintenance Rule,1 0 
CFR50.65) 60, and 61. In particular, the Commission weighed the relative merits of 
prescriptive and performance-based regulatory approaches in issuing 10 CFR Part 60. 

A performance-based approach can be implemented without the use of risk insights. 
Such an approach would require that objective performance criteria be based on 
deterministic safety analysis and performance history. This approach would still provide 
flexibility to the licensee in determining how to meet the performance criteria. 
Establishing objective performance criteria for performance monitoring may not be 
feasible for some applications and, in such cases, a performance-based approach 
would not be feasible. 

As applied to inspection, a performance-based approach tends to emphasize results 
(e.g., can the pump perform its intended function?) over process and method (e.g., was 
the maintenance technician trained?). Note that a performance-based approach to 
inspection does not supplant or displace the need for compliance with NRC 
requirements, nor does it displace the need for enforcement action, as appropriate, 
when non-compliance occurs.5 

As applied to licensee assessment, a performance-based approach focuses on a 
licensee's actual performance results (Le., desired outcomes), rather than on products 
(Le., outputs). In the broadest sense, the desired outcome of a performance-based 
approach to regulatory oversight will be to focus more attention and NRC resources on 
those licensees whose performance is declining or less than satisfactory. 

8.	 "Risk-Informed. Performance-Based": A risk-informed, performance-based approach to 
regulatory decision-making combines the "risk-informed" and "performance-based" 
elements discussed in Items 3 and 6, above, and applies these concepts to NRC 
rulemaking, licensing, inspection, assessment, enforcement, and other decision-making. 
Stated succinctly, a risk-informed, performance-based regulation is an approach in 

5Not every aspect of licensed activities can or should be inspected using this approach. For 
example, if a licensee is unsuccessful in meeting the criteria defined by a performance-based 
regulation, the inspector should then focus on the licensee's process and method, to 
understand the root cause of the breakdown in performance, and to understand how future 
poor performance may be avoided. 



which risk insights, engineering analysis and judgment including the principle of 
defense-in-depth and the incorporation of safety margins, and performance history are 
used, to (1) focus attention on the most important activities, (2) establish objective 
criteria for evaluating performance, (3) develop measurable or calculable parameters for 
monitoring system and licensee performance, (4) provide flexibility to determine how to 
meet the established performance criteria in a way that will encourage and reward 
improved outcomes, and (5) focus on the results as the primary basis for regulatory 
decision-making. 

The definitions and concepts in this paper have proven suitable for application to nuclear power 
plants and certain non-reactor activities (e.g., PA of geologic repositories). While different in 
detail, these activities are similar in terms of system complexity and the application of 
probabilistic methods to the determination of safety. In simpler situations, the concepts and 
definitions should prove equally suitable provided that NRC adopts a flexible framework for the 
implementation of risk-informed, and ultimately performance-based regUlation across the full 
spectrum of the materials, processes, and facilities regulated by the NRC. 



May 19,1999 

The Honorable Shirley Ann Jackson 
Chairman 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Dear Chairman Jackson: 

SUB~IECT:	 THE ROLE OF DEFENSE IN DEPTH IN A RISK-INFORMED REGULATORY 
SYSTEM 

During the 462nd and 461 51 meetings of the Advisory Committee on Reactor Safeguards, May 5-8 
and April 7-10 1999, we discussed issues identified in the Staff Requirements Memorandum dated 
March 5, 1999, concerning the appropriate relationship and balance between probabilistic risk 
assessment (PRA) and defense in depth in the context of risk-informed regulation. We previously 
discussed this matter with the Commission during our meeting on February 3, 1999. 

We are attempting to identify pitfalls that may exist along the path the Commission is taking toward 
risk-informed regulation so they may be addressed in a timely manner. We have communicated 
previously on the need for plant-specific safety goals that are practical for licensees to evaluate, 
the need for risk assessments for all modes of plant operation, and the need for research to 
support further use of risk information in regulatory activities. Several ACRS members, working 
with an ACRS Senior Fellow, have produced the attached paper in which two views of defense in 
depth are discussed along with a preliminary proposal regarding its role. Here, we further discuss 
the role that defense in depth should have in a risk-informed regulatory~scheme. 

Our motivation for this report has arisen because of instances in which seemingly arbitrary appeals 
to defense in depth have been used to avoid making changes in regulations or regulatory practices 
that seemed appropriate in the light of results of quantitative risk analyses. Certainly, we have 
seen defense in depth used as a basis for delaying changes in the existing regulatory practices: 

• there has been reluctance to develop new, risk-informed limits on leakage from steam 
generator tubes because these are part of the defense-in-depth barriers, 

• the development of extensions of the Regulatory Guide 1.174 process to define criteria for 
risk-informed revisions to 10 CFR 50.59 has been delayed because of defense in depth 
issues, 
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•	 the development of graded quality assurance measures has been overly conservative 
because of concerns about the imputed importance of quality assurance to defense in 
depth, and 

•	 the development of regulatory requirements on software-based digital instrumentation and 
control systems was delayed because of concerns related to defense in depth. 

We are concerned that arbitrary appeals to defense in depth could inhibit the effective use of risk 
information in the regulatory process. At the same time, we are mindful that risk analyses are not 
perfect. Defense in depth can be an effective means for compensating for any weaknesses in our 
ability to understand the risks posed by nuclear power plants. 

As discussed in the attached paper, the defense-in-depth approach to safety arose in an earlier 
time when there was less capability to analyze a nuclear power plant as an integrated system. 
Subsystems were designed such that the necessity and sufficiency of defense in depth could be 
determined from experience and through exercising engineering judgment. Defense in depth was 
a design and operational philosophy that called for multiple layers of protection to prevent and 
mitigate accidents. Its practical implementation was most often associated with control of initiating 
event frequencies, redundancy and diversity in key safety functions, multiple physical barriers to 
fission-product release, and emergency response measures. This philosophy has been invoked 
primarily to compensate for uncertainty in our knowledge of the progression of accidents at nuclear 

. power plants. 

Improved capability to analyze nuclear power plants as integrated systems is leading us to 
reconsider the role of defense in depth. Defense in depth can still provide needed safety 
assurance in areas not treated or poorly treated by modern analyses or when results of the 
analyses are quite uncertain. To avoid conflict between the useful elements of defense in depth 
and the benefits that can be derived from quantitative risk assessment methods, constraints of 
necessity and sufficiency must be imposed on the application of defense in depth and these must 
somehow be related to the uncertainties associated with our ability to assess the risk. 

We believe that two different perceptions of defense in depth are prominent. In one view (the 
"structuralist" view as described in the attached paper), defense in depth is considered to be the 
application of multiple and redundant measures to identify, prevent, or mitigate accidents to such 
a degree that the design meets the safety objectives. This is the general view taken by the plant 
designers. The other view (the "rationalist"), sees the proper role of defense in depth in a risk
informed regulatory scheme as compensation for inadequacies, incompleteness, and omissions 
of risk analyses. We choose here to refer to the inadequacies, incompleteness, and omissions 
collectively as uncertainties. Defense-in-depth measures are those that are applied to the design 
or operation of a plant in order to reduce the uncertainties in the determination of the overall 
regulatory objectives to acceptable levels. Ideally then, there would be an inverse correlation 
between the uncertainty in the results of risk assessments and the extent to which defense in 
depth is applied. For those uncertainties that can be directly evaluated, this inverse correlation 
between defense in depth and the uncertainty should be manifest in a sophisticated PRA 
uncertainty analysis. 
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When defense in depth is applied, a justification is needed that is as quantitative as possible of 
both the necessity and sufficiency of the defense-in-depth measures. Unless defense-in-depth 
measures are justified in terms of necessity and sufficiency, the full benefits of risk-informed 
regulation cannot be realized. 

The use of quantitative risk-assessment methods and the proper imposition of defense-in-depth 
measures would be facilitated considerably by the availability of risk-acceptance criteria applicable 
at a greater level of detail than those we now have. Development of the additional risk-acceptance 
criteria would have to take into consideration safety objectives embodied in the existing regulations. 
For.example, risk-acceptance criteria are needed to meet the Commission's safety objectives with 
respect to worker health and environmental contamination and to meet additional public health and 
safety objectives [e.g., total fatalities, land interdiction]. All of these may not be currently reflected 
in conventional risk assessments. 

We believe that a key missing ingredient needed to place quantitative limits on defense-in-depth 
measures is acceptance values on the level of uncertainty for each safety objective. Setting such 
acceptance values is a policy role, very much like setting safety goal values. The uncertainties that 
are intended to be compensated for by defense in depth include all uncertainties (epistemic and 
aleatory). Not all of these are directly assessed in a normal PRA uncertainty analysis. Therefore, 
when acceptance values are placed on uncertainty, these would have to appropriately incorporate 
consideration of the additional uncertainties not subject to direct quantification by the PRA. These 
considerations would have to be determined by judgment and expert opinion. As a practical matter, 
we suggest that the acceptance values be placed on only those epistemic uncertainties quantifiable 
by the PRA but that these be set sufficiently low to accommodate the unquantified aleatory 
uncertainties. 

When acceptance values have been chosen as policy for the regulatory objectives and their 
associated uncertainties, it would be possible to develop objective limits on the amount of defense 
in depth reqUired for those design and operational elements that are subject to evaluation by PRA. 
To do this, it is necessary to incorporate the effects of the defense-in-depth measures into the PRA 
uncertainty analysis and the designer or regulator must be able to adjust the defense in depth until 
the acceptance levels for the regulatory objectives and the acceptance values for the associated 
uncertainties have both been achieved. 

The balance between core damage frequency (CDF) and conditional containment failure probability 
(CCFP) can serve as an example of this defense-in-depth concept. We have previously 
recommended that CDF be elevated to a fundamental safety goal. Let us suppose, for example 
sake, that our acceptance value on this is 10-4 per reactor year. If that is the value actually 
achieved by the design, then a CCFP of about 0.5 has been shown (NUREG-1150) to be generally 
sufficient to meet the safety goal regulatory objective of individual risk of prompt fatality [which can 
be adequately represented by an acceptance value of 10-5 per reactor year on large, early release 
frequency (LERF) as noted in Regulatory Guide 1.174]. Does this CCFP provide sufficient 
defense in depth? 

In our view, three acceptance criteria must be satisfied - one each on CDF, LERF, and the 
epistemic uncertainty associated with LERF. The Safety Goal Policy Statement suggests 
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candidate acceptance values on CDF and LERF. In addition to these, we must establish the 
acceptance value on the uncertainty associated with LERF. For the particular value of LERF 
achieved, let's say that the acceptance value has been set by policy to be on the epistemic 
uncertainty that can be directly developed from the PRA [but which properly reflects the 
unquantified aleatory uncertainties]. Now suppose our PRA uncertainty analysis tells us that the 
quantified uncertaintyforthis design is greater than the acceptance value. Employing our concept, 
the design with the 0.5 CCFP does not have sufficient defense in depth. The design must, then, 
include provisions for more defense in depth [e.g., a better containment perhaps] or reduction of 
the LERF to values for which the achieved uncertainty is acceptable. The acceptance value on 
uncertainty for any given regulatory objective could be a function of the absolute value achieved 
for the regulatory objective. That is, as the achieved mean value for LERF gets further below the 
acceptance value, the acceptable level of uncertainty on its determination can be greater. 

We believe this concept of defense in depth can provide a rational way to develop sufficiency limits 
wherever the defense-in-depth measures can be directly evaluated by PRA. We acknowledge 
however, that considerable judgment will have to be exercised to set limits on uncertainty, 
especially uncertainties not quantified by the PRA. Our preceding example suggests one approach 
to managing these uncertainties. 

For those regulatory functions that are not well suited for PRA or where the current capabilities of 
PRAs are not sufficient, we suggest that the limits on application of defense in depth be placed 
at levels lower than the top-level safety objectives (see Figure 1 of attached paper). We emphasize 
that, even under these circumstances, the PRA can still dictate when defense in depth is needed. 
Let us illustrate how we envision defense in depth to be applied under these circumstances with 
an example. Fire is one of the initiating events of interest. PRAs quantify the occurrence of fires 
in nuclear power plants and, among other things, their impact on control and power cables. The 
plant response to the loss of the relevant systems (due to the loss of these cables) is also 
analyzed. 

The frequency of fires in specific critical locations, that is, locations in which cables of redundant 
systems may be damaged, is estimated in the PRA using experience-based rates of occurrence 
of fires, multiplied by sUbjective estimates of the fraction of fires that are large enough to have the 
potential to cause damage and the fraction of those fires that occur in the specified critical 
locations. This is a highly subjective part of the risk assessment (therefore, highly uncertain). It 
is, therefore, a suitable area to invoke defense in depth and to impose prescriptive requirements 
regarding the prevention of fires in those critical locations [e.g., strict administrative controls and 

.periodic inspections]. Thus, the relative inadequacy of the PRA model suggests how defense in 
depth should be applied at levels lower than the top-level safety objectives. 

We further realize that the fire risk assessment does not include the damaging effects of the smoke 
generated by a fire. This is a case of omission of a potentially significant effect. Therefore, we 
would, again, resort to defense in depth and may demand barriers to limit the spread of smoke and 
to protect sensitive equipment. 

Since the impact on the risk metrics of these lower-level defense·in-depth measures cannot be 
quantified, nor can the uncertainties, the necessity and sufficiency of the defense-in-depth 
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measures will have to be simply prescribed and that prescription would constitute the acceptance 
criteria. 

We note that our first example dealing with CDF and CCFP addresses the top level of Figure 1 of 
the attached paper. If one adopts the structuralist viewpoint at that level, as the paper's preliminary 
proposal suggests, then the tradeoffs of our example between CDF and CCFP will have to be 
performed under the assumption that at least some level of defense in depth will be required. If, 
on the other hand, one adopts the rationalist view even at that level, it is conceivable that the LERF 
objectives could be satisfied without a containment. Our second example dealing with fires 

" exemplified the rationalist view at lower levels, as the preliminary proposal recommends. 

We acknowledge that these preliminary thoughts on the role of defense in depth in a risk-informed 
regulatory system identify a direction but fall short of closing the issue. We recommend that the 
Commission give further consideration to this matter. 

Sincerely, 

Dana A. Powers 
Chairman 
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ABSTRACT HISTORICAL DEVELOPMENT 

The nascent implementation of risk Defense in depth is a nuclear industry 
infonned regulation in the United States safety strategy that began to develop in the 
suggests a need for reexamination of the 1950s. A review ofthe history ofthe tenn 
Nuclear Regulatory Commission's (NRC) indicates that there is no official or 
defense in depth philosophy and its impact preferred defmition. Where the tenn is 
on the design, operation~ and regulation of used~ if a defmition is needed, one is 
nuclear power plants. This reexamination created consistent with the intended use of 
is motivated by two opposing concerns: the tenn. Such defmitions are often made 
(l) that the benefits of risk infonned by example. 
regulation might be diminished by 
arbitrary appeals to defense in depth, and In a 1967 statementI submitted to the Joint 
(2) that the implementation of risk Committee on Atomic Energy by Clifford 
infonned regulation could undennine the Beck, then Deputy Director ofRegulation 
defense in depth philosophy. From either for the Atomic Energy Commission~ three 
perspective~ two questions are suggested: basic lines of defense for nuclear power 
(1) How is defense in depth defined? (2) reactor facilities were described. The first 
How should the implementation of risk line was the prevention of accident 
infonned regulation alter our view of initiators through superior quality of 
defense in depth? A preliminary proposal design, construction and operation. The 
for the role of defense in depth in a risk second line was engineered safety systems 
infonned regulatory system is presented. designed to prevent mishaps from 

. escalating into major accidents. The third 
line was consequence-limiting safety 
systems designed to confme or minimize 



the escape of fission products to the 
environment. 

A 1969 papefZ by an internal study group 
of the Atomic Energy Commission 
identified the issue of balance among 
accident prevention, protection, and 
mitigation, with the conclusion that the 
greatest emphasis should be put on 
prevention, the first line of defense. 

A 1994 NRC documenf identifies the 
elements of the defense in depth safety 
strategy as accident prevention, safety 
systems, containment, accident 
management, and siting and emergency 
plans. Other interpretations of defense in 
depth can be found in INSAG-34 and 
INSAG-I0s 

The historical record indicates an 
evolution of the term from a narrow 
application to the multiple barrier concept 
to an expansive application as an overall 
safety strategy. The term has increased in 
scope and gained stature over time. The 
history also indicates that defense in depth 
is considered to be a concept, an approach, 
a principle or a philosophy, as opposed to 
being a regulatory requirement per se. 

Currently the term is commonly used in 
two different senses. The first is to denote 
the philosophy of high level lines of 
defense, such as prevent accident initiators 
from occurring, terminate accident 
sequences quickly, and mitigate accidents 
that are not successfully terminated. The 
second is to denote the multiple physical 
barrier approach, most often exemplified 

by the fuel cladding, primary system, and 
containment. 

One ofthe essential properties ofdefense 
in depth is the concept of successive 
barriers or levels. This concept applies 
equally well to multiple physical barriers 
and to high level lines of defense. A 
closely related attribute would be 
requiring a reasonable balance among 
prevention, protection and mitigation. 

EMERGING REGULATORY 
PRACTICE 

The most recent. NRC policy statement 
that deals with defense in depth is the 
Probabilistic Risk Assessment (PRA) 
Policy statement6 published in 1995, 
which states, in part: 

"The use of PRA technology should be 
increased in all regulatory matters to the 
extent supported by the state-of-the-art in 
PRA methods and data and in amanner 
thatcomplements the NRC's deterministic 
approach and supports the NRC's 
traditional defense-in-depth philosophy." 

The policy statement, thus, places PRA in 
a subsidiary role to defense in depth. 

In 1998, the NRC published Regulatory 
Guide 1.174.' This guide establishes an 
approach to risk-informed decision 
making, acceptable to the NRC staff, 
which includes the provision that 
proposed changes to the current licensing 
basis must be consistent with the defense 
in depth philosophy. The RG 1.174 
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discussion states that, "The defense in 
depth philosophy . . . has been and 
continues to be an effective way to 
account for uncertainties in equipmentand 
human performance." The discussion 
goes on to say that PRA can be used to 
help determine the appropriate extent of 
defense in depth, which, by example, is 
equated to balance among core damage 
prevention, containment failure prevention 
and consequence mitigation. The 
regulatory guide thus addresses the 
concern of preventing risk-informed 
regulation from undermining defense in 
depth. Defense in depth is primary, with 
PRA available to measure how well it has 
been achieved. 

STRUCTURALIST MODEL 

We have identified two different schools 
of thought (models) on the scope and 
nature of defense in depth. These models 
came to be labeled "structuralist" and 
"rationalist." 

The structuralist model asserts .that 
defense in depth is embodied in the 
structure of the regulations and in the 
design of the facilities built to comply 
with those regulations. The requirements 
for defense in depth are derived by 
repeated application of the question, 
"What if this barrier or safety feature 
fails?" The results of that process are 
documented in the regulations themselves, 
specifically in Title 10, Code of Federal 
Regulations. In this model, the necessary 
and sufficient conditions are those that can 
be derived from Title 10. It is also a 

characteristic of this model that balance 
must be preserved among the high-level 
lines ofdefense, e.g., preventing accident 
initiators, terminating accident sequences 
quickly, and mitigating accidents that are 
not successfully terminated. One result is 
that certain provisions for safety, for 
example reactor containment and 
emergency planning, must be made 
regardless of our assessment of the 
probability that they may be required. 
Accident prevention alone is not relied 
upon to achieve an adequate level of 
protection. 

There does not appear to be any question 
that the implementation of defense in 
depth up to the present time reflects the 
structuralist model. While this philosophy 
has served the industry well from the 
safety perspective, it is now realized that, 
in some instances, it has led to excessive 
regulatory burden. Furthermore, the lack 
of an integrated view of the reactor 
systems has resulted in some significant 
accident sequences not being identified 
until PRA was developed, e.g., the 
interfacing-systems LOCA sequence. 

The next issue, then, becomes how should 
the insights from PRA be integrated into 
this structure to reduce unnecessary 
burden and make it more rational? In the 
structuralist model, defense in depth is 
primary, with PRA available to measure 
how well it has been achieved. 
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THE RATIONALIST MODEL 

The rationalist model asserts that defense 
in depth is the aggregate of provisions 
made to compensate for uncertainty and 
incompleteness in our knowledge of 
accident initiation and progression. This 
model is made practical by the 
development ofthe ability to quantify risk 
and estimate uncertainty using 
probabilistic risk assessment techniques. 
The process envisioned by the rationalist 
is: (l) establish quantitative acceptance 
criteria, such as the quantitative health 
objectives, core damage frequency and 
large early release frequency, (2) analyze 
the system using PRA methods to 
establish that the acceptance criteria are 
met, and (3) evaluate the uncertainties in 
the analysis, especially those due to model 
incompleteness, and detennine what steps 
should be taken to compensate for those 
uncertainties. In this model, the purpose 
of defense in depth is to increase the 
degree of confidence in the results of the 
PRA or other analyses supporting the 
conclusion that adequate safety has been 
achieved. 

The underlying philosophy here is that the 
probability of accidents must be 
acceptably low. Provisions made to 
achieve sufficiently low accident 
probabilities are defense in depth. It 
should be noted that defense in depth may 
be manifested in safety .goals and 
acceptance criteria which are input to the 
design process. In choosing goals for core 
damage frequency and conditional 
containment failure probability, for 

example, a judgement is made on the 
balance between prevention and 
mitigation. 

What distinguishes the rationalist model 
from the structural model is the degree to 
which it depends on establishing 
quantitative acceptance criteria, and then 
carrying fonnal analyses, including 
analysis of uncertainties, as far as the 
analytical methodology pennits. The 
exercise of engineering judgement, to 
detennine the kind and extent of defense 
in depth measures, occurs after the 
capabilities of the analyses have been 
exhausted. 

A PRELIMINARY PROPOSAL 

The structuralist and rationalist models are 
not generally in conflict. Both can be 
construed as a means of dealing with 
uncertainty. Neither incorporates any 
reliable means of detennining when the 
degree of defense in depth achieved is 
sufficient. In the fmal analysis, they both 
depend on knowledgeable people 
discussing the risks and uncertainties and 
ultimately agreeing on the provisions that 
must be made in the name of defense in 
depth. The fundamental difference is that 
the structural model accepts defense in 
depth as the fundamental value, while the 
rationalist model would place defense in 
depth .in a subsidiary role. 

The remaining question is which model 
provides the better basis for moving 
forward with risk- infonned regulation. 
How can capricious imposition of 
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defense-in-depth be prevented from 
undermining the focus that can be 
provided by risk- informed methods of 
regulation? PRA methods have identified 
gaps in the regulations and in the safety 
profiles of individual plants. They have 
also identified regulations and plant 
systems that do not make a significant 
contribution to safety. Typically, 
however, regulatory reactions to fmdings 
that regulations or plant systems are 
superfluous to safety have been less 
aggressive than reactions to apparent 
safety deficiencies. 

Two options can be identified: 

(1) Recommend defense in depth as a 
supplement to risk analysis (the rationalist 
view) 

(2) Recommend a high-level structural 
view and a low-level rationalist view. 

Option (1) requires a significant change in 
the regulatory structure. The place of 
defense in depth in the regulatory 
hierarchy would have to change. The 
PRA policy statement could no longer 
relegate PRA to a position of supporting 
defense in depth. Defense in depth would 
become an element of the overall safety 
analysis. 

Option (2) is to a large degree compatible 
with the current regulatory structure. The 
structuralist model of defense in depth 
would be retained as the high-level safety 
philosophy, but the rationalist model 
would be used at lower levels in the safety 

hierarchy. An example is shown in Figure 
1. 

The PRA uncertainties increase as we 
move from the initiating events to risk 
(from left to right). The structuralist view 
dictates that intermediate goals be set, 
such as core damage frequency (CDF), 
large early release frequency (LERF) or 
conditional containment failure probability 
(CCFP),or frequency-consequence (F-C) 
curves. This would satisfy the 
requirement of balance between 
prevention and mitigation. We note that 
the actual numerical value chosen for core 
damage frequency can ·express a 
preference for prevention, and such a 
preference is unrelated to defense in 
depth. One could proceed and set goals at 
the "cornerstone" level, i.e., one level 
below. This could include goals on 
initiating- event frequencies, safety
function or safety-system unavailabilities, 
and so on. How far down one would go 
would be a policy issue. The structuralist 
view would not be applied at lower levels. 

The rationalist model would be applied at 
levels lower than the cornerstones of. 
Figure 1. Defense in depth would be used 
only to address uncertainties in PRA at the 
lower levels, thus becoming an element of 
the overall safety analysis. For events or 
processes that are not modeled in PRA, 
defense in depth would play its traditional 
role. Such is the case with the impact of 
smoke from fires on plant safety. Current 
fire risk assessments do not account for 
the effects of smoke, therefore, 
prescriptive defense-in-depth based 
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measures would be taken to limit this 
impact. 

We view Option (2) as a pragmatic 2. 
approach to reconciling defense in depth 
with risk-informed regulation. There can 
be little doubt, however, that the 
rationalist model,' Option (1), will 
ultimatelyprovide the strongest theoretical 
foundation for risk-informed regulation. 
When more experience has been gained 
with the application ofPRA in the design 
and regulation of nuclear power plants, 3. 
when PRA models can adequately treat 
most ofthe phenomenaofinterest, the role 
of defense in depth can and should be 
changed to one of supporting the risk 
analyses. This transition will need to be . 
supported by the development of 4. 
subsidiary principles from which 
necessary and sufficient conditions could 
be derived. 

The views expressed in this paper are the 
authors' and do not necessarily represent 5. 
the views of the Advisory Conunittee on 
Reactor Safeguards 
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June 8, 1999 

MEMORANDUM TO: William D. Travers 
Executive Director for Operations 

FROM: Annette Vietti-Cook, Secretary /s/ 

SUBJECT: STAFF REQUIREMENTS - SECY-98-300 - OPTIONS FOR 
RISK-INFORMED REVISIONS TO 10 CFR PART 50 
"DOMESTIC LICENSING OF PRODUCTION AND 
UTILIZATION FACILITIES" 

Option 1 

The Commission has approved the staff's recommendation that current rulemaking activities 
identified under Option 1 continue unimpeded (50.59, 50.72, 50.73, 50.55a, and the new 
50.67). 

Option 2 

The Commission has approved implementation of Option 2 to develop risk-informed definitions 
for "safety-related" and "important to safety" SSCs. This option would make changes to the 
scope of systems, structures, and components covered by those sections of Part 50 requiring 
special treatment (e.g., Quality Assurance, Environmental Qualification, Technical 
Specifications, 50.59, ASME code, 50.72, and 50.73). This effort should proceed with early 
internal and external stakeholder discussions and utilization of industry pilot studies involving 
the use of exemptions to assist in the development of the Part 50 modifications. 

Regarding the overall scope of the Maintenance Rule (50.65), the Commission has approved 
changing the existing scope to conform to the risk-informed regulatory framework being 
developed as part of Option 2. A rulemaking plan should be developed for Option 2 which 
reflects the incorporation of the Maintenance Rule activities. 

(EDO) (SECY Suspense: 10/31/99) 

Option 3 

The Commission has approved the staff's recommendation to study Option 3. The staff should 
pursue this study on an aggressive timetable and provide, for Commission approval, a schedule 
for this activity. The staff should periodically inform the Commission on progress made in the 
study. The study should determine how best to proceed with risk-informing the remaining 
sections of Part 50. During this study, if the staff identifies a regulatory requirement which 
warrants prompt revision because such a change would significantly enhance safety or 
significantly reduce unnecessary regulatory burden, the Commission should be notified and 



provided with a recommended course of action. Otherwise, once this study phase is 
completed, the staff should provide, for Commission approval, a detailed plan outlining its 
recommendations regarding specific regulatory changes that should be pursued. 

(EDO) (SECY Suspense: 9/30/99) 

Policy Issues 

1. Voluntary vs. Mandatory Conformance with Modified 10 CFR Part 50 

The Commission has approved the staff's recommendation that risk-informed 
implementation of Part 50 should be voluntary for licensees. As the staff proceeds with 
its efforts to risk-inform Part 50, it should provide the Commission with additional 
information regarding how it will manage voluntary implementation. The Commission 
has disapproved the staff's recommendation that selective implementation not be 
allowed. This issue is prematurely before the Commission. A future Commission will be 
better able to judge the issue of selective implementation after rules are drafted and 
rulemakings provide comment on this issue as it affects that rule. A "no selective 
implementation" approach will adversely affect NRC's ability to solicit industry pilot 
participants. 

2. Industry Pilot Studies with Selected Exemptions to Part 50 

The Commission has approved the staff's recommendation regarding the use of 
industry pilot studies involving the use of exemptions to assist in the development of the 
Part 50 modifications. 

3. Modification of the Scope of the Maintenance Rule Section (a)(3)/(a)(4). 

The Commission has approved continuation of the expeditious revision of 
50.65(a)(3)/(a)(4), as discussed at the Commission meeting of May 5, 1999. Specific 
Commission direction regarding the rule language and development of the regulatory 
guidance was provided in the SRM on the Maintenance Rule Commission briefing of 
May 5, 1999, which was issued on May 13, 1999. 

4. Clarification of Staff Authority for Applying Risk-Informed Decision Making 

The Commission has approved the staff's recommendation that additional guidance be 
developed to provide clarification on staff authority for applying risk-informed processes 
in regulatory activities beyond risk-informed licensing actions. This clarifying guidance 
should be submitted for Commission approval. 
(EDO) (SECY Suspense: 9/30/99) 

The staff should: 1) continue to work with stakeholders in risk-informing Part 50; 2) provide 
sufficient staff resources and management oversight to these high priority initiatives to ensure 
effective development of the risk-informed regulatory structure and timely completion of pilot 
plant applications; and 3) bring policy issues promptly to the attention of the Commission. 

While moving towards a risk-informed regulatory framework, the staff should keep in mind that 
the use of quantitative risk analyses may not be appropriate for all applications, and therefore, 
should not be force-fit into areas that are not amenable to such an approach. 



As we proceed with risk-informing Part 50, the Executive Council should take an active 
leadership role and ensure that the Planning, Budgeting, and Performance Management 
process is effectively utilized to allocate agency resources to this effort. 

cc:	 Chairman Jackson 
Commissioner Dicus 
Commissioner Diaz 
Commissioner McGaffigan 
Commissioner Merrifield 
OGC 
CIO 
CFO 
OCA 
OIG 
OPA 
Office Directors, Regions, ACRS, ACNW, ASLBP (via E-Mail) 
PDR 
DCS 



December 23, 1998	 SECY-98-300 

FOR:	 The Commissioners 

FROM:	 William D. Travers lsi 
Executive Director for Operations 

SUBJECT:	 OPTIONS FOR RISK-INFORMED REVISIONS TO 10 CFR PART 50 
"DOMESTIC LICENSING OF PRODUCTION AND UTILIZATION FACILITIES" 

PURPOSE: 

This paper proposes high-level options for modifying regulations in 10 CFR Part 50 to make 
them risk-informed and to delineate associated policy issues for Commission consideration. 
The staff seeks guidance on the Commission's preferred approach in order to develop a 
detailed rulemaking plan. 

SUMMARY: 

The staff has proposed a high level approach for incorporating risk-informed attributes into the 
Part 50 regulations, and is seeking Commission approval to proceed with a phased 
implementation strategy. After receiving Commission guidance, the staff will develop a 
rulemaking plan which includes more complete resource and schedule estimates. Two primary 
objectives of this effort are to develop a risk-informed regulatory framework that will enhance 
safety as well as reducing unnecessary staff and licensee burden. To initiate this phased effort, 
the staff is recommending (Option 2) changes to the regulatory scope of SSCs needing special 

CONTACT: 
M. Rubin, NRR 
415-3234 

M. Cunningham, RES 
415-6292 
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treatment in such areas as quality assurance, environmental qualification, Technical 
Specifications, 10 CFR 50.59 and ASME code. This will be accomplished, in part, by 
developing risk-informed definitions for safety-related and safety important SSCs. While this 
approach would allow "grading" of special treatment requirements on SSCs based upon their 
risk importance, system functional capabilities would not be removed. Rather, the SSC 
functional capabilities (for low risk important SSCs) would remain in the plant and be expected 
to perform their design function but without additional margin, assurance or documentation 
associated with high safety significant SSCs. 

The staff is also planning to undertake a study (Option 3) to explore changes to the body of the 
Part 50 regulations, to incorporate risk-informed attributes. These changes could involve such 
actions as developing a new set of design-basis accidents, adding provision to Part 50 allowing 
for risk-informed alternatives to the present requirements, revising specific requirements to 
reflect risk-informed considerations, or deleting unnecessary or ineffective regulations. After 
the completion of this study, the staff will make recommendations to the Commission on any 
specific regulatory changes that should be pursued, and the corresponding schedules and 
resource needs. 

In addition, the staff has identified four policy issues for Commission consideration and 
guidance. Direction with respect to these issues would be needed to proceed with a risk
informed Part 50 program. The staff has recommended that: 1) Licensee conformance with a 
modified Part 50 should be voluntary rather than mandatory, 2) Industry pilot studies with 
selected exemptions to Part 50 should be utilized as part of the risk-informed development 
process, 3) The scope of the maintenance rule should be changed as an early part of the risk
informed program, and 4) The staff should develop clarification of its authority for applying risk
informed decision making in areas beyond those associated with licensee initiated risk-informed 
licensing actions. 

BACKGROUND: 

In 1995, the Commission published a Policy Statement on the Use of Probabilistic Risk 
Assessment (PRA). Since then, the staff has developed guidance on the use of risk 
information for reactor license amendments and is currently processing license amendment 
applications that use risk information as part of their technical justification. However, the 
fundamental reactor regulations remain largely deterministic. In addition, in recent meetings 
between the Commission and various stakeholders, the concern was expressed that the NRC is 
not placing enough emphasis on risk-informing its reactor requirements with the results of risk 
assessments. It is generally believed that our current reactor regulatory framework (based 
largely upon design-basis events rather than on core-damage-accident scenarios) results in 
sufficient safety regulation but in some cases also results in unnecessary regulatory burden. In 
its September 2, 1998, briefing to the Commission on the status of the PRA Implementation 
Plan, the staff discussed this issue with the Commission and proposed the development and 
assessment of various options for making requirements in 10 CFR Part 50 risk-informed. In a 
staff requirements memorandum dated September 14, 1998, the Commission asked the staff to 
present a set of options that contain an assessment of the implications of each option, and to 
also present resource impacts and the role pilot studies would play in the development of new 
or modified requirements. 
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In developing the options discussed below, the staff met with the public, the Nuclear Energy 
Institute (NEI), nuclear utilities, and other representatives of industrial groups on several 
occasions, including a 2-day public workshop1

, for the purpose of discussing the objectives of 
revising Part 50, different approaches for incorporating risk information into the regulations in 
Part 50, and issues that the staff should consider in evaluating the options for the Commission. 
These stakeholder activities produced significant information for developing the implementation 
options given below. A general consensus was also reached regarding the overall objectives of 
risk-informed modifications to Part 50. These include the following: 

Enhance safety by focusing NRC and licensee resources in areas commensurate with 
their importance to health and safety. 

Provide NRC with the framework to use risk information to take action in reactor 
regulatory matters. 

Allow use of risk information to provide flexibility in plant operation and design, which 
can result in burden reduction without compromising safety. 

This paper discusses options and a phased approach for their implementation such that, when 
completed, the staff envisions that Part 50 would have the following characteristics: 

•	 In concert with other NRC regulations, it would continue to provide reasonable 
assurance of adequate protection of public health and safety. 

It would contain requirements on specific attributes of nuclear power plant design and 
operations commensurate with their safety significance. This safety significance would 
be assessed using principles of risk-informed regulation including the following: 

consistency with the defense-in-depth philosophy 
maintenance of sufficient safety margins 
consistency with the intent of the Safety Goal Policy Statement 

The requirements would be written in a manner that would accommodate the plant
specific nature of the safety significance of design and operational attributes. 

1The transcript of the 10/27-28/98 Public Workshop on Risk-Informing Part 50 are available on the NRC 
public website (http://www.nrc.gov). 

At the NRC pUblic homepage (www.nrc.gov), 
Click on News & Info Icon 
Click on Public Meetings 
Click on Meeting Transcripts 
Click on Public Meeting on Making 10 CFR Part 50 Risk-Informed 
To read the transcript, choose and click on either of the two days 
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It would provide a clear, consistent, and coherent set of requirements that would also 
facilitate consistency in treatment among the assessment, inspection and enforcement 
programs. 

It would provide a regulatory basis for all NRC reactor-related activities, including 
licensing, inspection, enforcement, and assessment. 

It would be performance-based to the extent practical. 

• It would be practical to implement for both licensees and the NRC. 

These characteristics reflect the long term holistic vision for a risk-informed Part 50. 

DISCUSSION: 

High-Level Options 

As a result of our preliminary assessments and stakeholder activities, the staff has identified the 
following three options for risk-informed modifications of 10 CFR Part 50: (1) make no changes 
to current Part 50, (2) make changes to the overall scope of systems, structures, and 
components (SSCs) covered by those sections of Part 50 requiring special treatment (such as 
quality assurance, technical specifications, environmental qualification, and 50.59 by 
formulating new definitions of safety-related and important-to-safety SSCS)2, and (3) make 
changes to specific requirements in the body of regulations, including general design criteria 
(GDCs). Options 2 and 3 could be implemented individually or in combination, since in many 
aspects they are complementary. The three options are discussed next. 

Option 1. Make No Change to Current Part 50 

This option would terminate staff action to develop comprehensive risk-informed changes to the 
current Part 50. Risk-informed approaches specified in Regulatory Guide (RG) 1.174, and 
associated application-specific RGs would continue to be implemented subject to existing 
regulatory limitations. One example of these limitations is in the area of graded quality 
assurance (GQA), where requirements other than those that govern QA (10 CFR 50.54 and 
Appendix B to Part 50 directly govern QA) limit the degree to which the risk informed process 
can be implemented. See Attachment 1 regarding the Graded QA implementation experiences 
at South Texas project (STP). This impediment could, if the Commission agrees, be eliminated 
by granting 10 CFR 50.12 exemptions on the basis of risk information. This approach, 
however, would be very resource intensive in the long term, assuming that many exemptions 
would be requested. 

2Changes to these definitions will have to be carefully assessed with respect to potential 
impact on the underlying definition of "basic component," which have specific requirement 
imposed as provided in Section 223.10 of the Atomic Energy Act. Modifying the treatment of 
safety-related and safety important SSCs without necessitating a change to the Atomic Energy 
Act would be desirable. 
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Under Option 1, ongoing Part 50 rulemaking activities, which have risk informed elements, 
would continue on their current schedules rather than be subsumed into an overall Part 50 
revision process. These would include ongoing activities related to 50.65,50.59,50/72.50.73 
and 50.55a as well as the revised source term rulemaking that will, if approved, create a new 
Section 50.67. Currently, the staff is going forward with each of these programs separately 
from the proposed Part 50 process. 

Meetings with stakeholders have indicated the industry's desire that ongoing activities proceed 
on their current schedule, with the exception of the Maintenance Rule (10 CFR 50.65) 
rulemaking where the Nuclear Energy Institute (NEI) has indicated it will respond to proposed 
rulemaking with comments suggesting broader changes to the Rule's scope as part of current 
rulemaking. Discussions on various Maintenance Rule approaches, with associated 
advantages and disadvantages, are presented as a policy issue in a later section of this paper. 
The assessment of the advantages and disadvantages of risk-informing the Maintenance Rule 
(in Attachment 4) also addresses the possibility of developing more risk-informed guidance on 
application of the Maintenance Rule within the context of the existing rule without further 
modifications to the rule itself. 

Ongoing rulemaking activities associated with 50.59 will provide increased clarity and 
implementation stability by defining a minimal (but non-zero) threshold for licensees to make 
changes to their facility without prior staff review and approval. The changes to the reporting 
requirements in 50.72 and 50.73 are intended to provide a better safety and risk focus to the 
reporting process and avoid unnecessary burden. The ongoing Inservice Inspection (lSI) code 
case endorsement process will incorporate staff guidance directly into the ASME code cases, 
allowing for more efficient implementation. The proposed 50.67 would enable operating 
reactors to voluntarily implement a more representative source term that would be used in 
assessing design-basis accident response against revised dose acceptance criteria. (A similar 
change in 50.34 in January 1997 enabled the use of revised source terms by applicants for 
Construction Permit, Combined Operating License, or Design Certification.) These alternative 
source terms reflect the release of fission products during design-basis accidents more 
accurately than does the current source term, making it possible for operating reactors to 
implement cost-beneficial plant modifications, thereby reducing unnecessary regulatory burden. 

None of the ongoing revisions are anticipated to be inconsistent or incompatible with future 
Part 50 risk informed revisions. However the more extensive Part 50 revision process identified 
in Options 2 and 3 below, would likely identify additional refinements in some of the above 
regulations. For example, more specific risk-informed decision criteria may be developed for 
50.59. Allowing these separate efforts to continue could necessitate revisiting some of the 
above regulations at a later date. 

Option 2.	 Make Changes to the Scope of Systems. Structures. and Components Covered 
by Those Sections of Part 50 Requiring Special Treatment 

The current scope of SSCs covered by most sections of Part 50 is based primarily on the 
evaluation of selected design-basis events, as described in final safety analysis reports 
(FSARs). These postulated events represent a small fraction of the potential accident 
sequences treated in risk assessments. As the primary part of this option, risk-informed 
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definitions of "safety-related" and "important to safety" could be developed. This would lead to 
changes in the scope of what receives special operational and qualification treatment. 

This option only addresses implementing changes to the regulatory scope for SSCs needing 
special treatment in terms of quality (e.g., quality assurance, environmental qualification, Tech 
Specs, 50.59, ASME Code). It does not address changing the design of the plant or the 
design-basis accidents, which establishes the physical complement of plant systems included in 
the design. Under this option, SSCs of low safety significance (from a risk-informed 
assessment) would move from "special treatment" to normal industrial (sometimes called 
"commercial" treatment), but would remain in the plant and be expected to perform their design 
function but without additional margin, assurance or documentation associated with high safety 
significant SSCs. 

As discussed in Option 1, one area that the industry has identified for early consideration of a 
revised regulatory scope is the Maintenance Rule (10 CFR 50.65). Revisions to the scope of 
this rule could be undertaken as part of Option 2 activities, or could be undertaken as part of 
the ongoing 50.65 rulemaking, which currently only address the 50.65(a)(3)/(a)(4) pre
maintenance safety assessment process. It should be noted however, that applying such 
changes would modify the original scope of the rule as intended by the Commission. A 
discussion on the intent and implications of the present Maintenance Rule scope is provided in 
Attachment 2. The question of whether the scope of the Maintenance Rule should be revised is 
discussed below as a Commission policy issue, as is consideration of alternative approaches 
that could reduce unnecessary burden without a rule revision. 

Under implementation of Option 2, there could be extensive changes to treatment of SSCs, as 
those with low risk importance have their regulatory requirements reduced and others not 
currently regulated have requirements added. To prevent excessive industry and staff burden, 
it is essential that an efficient regulatory process be employed as part of any implementation 
process. That process should be structured to eliminate unnecessary prior staff review and 
approval as licensees implement the operational changes allowed by the changes in Part 50 
scope. Therefore, as part of this option, the staff could place specific regulatory requirements 
in a revised Part 50 (and associated guidance in a regulatory gUide) on what provisions and 
criteria should be utilized by licensees to implement these changes without having to submit 
them to the staff for prior review and approval. Since changes to requirements in the revised 
regulations would apply to those SSCs of low risk importance, it is anticipated that such an 
approach could be accomplished with no significant safety impact. However, as part of this 
process, the staff would have to ensure that the licensee had appropriate assessment and 
feedback programs in place to reflect SSC performance degradation back into the PRA and to 
modify SSC risk importance as necessary. 

Additionally, in the time period before the Part 50 scope changes take final form, the staff 
believes that the current provisions of 50.12 would permit the Commission to approve 
regulatory exemptions that allow for early implementation of risk-informed reductions to 
operational and qualification requirements. An exemption to operational requirements that 
involve, in toto, no change or a decrease in risk could be granted pursuant to paragraph 
(a)(2)(iv) of Section 50.12. An exemption that involves an increase in risk could potentially be 
granted under paragraph (a)(2)(vi) if the Commission were able to find that quantitative risk 
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information was not considered in the establishment of the regulatory requirement which is the 
sUbject of the exemption. The rationale for granting an exemption under paragraph (a)(2)(vi) 
would be that quantitative risk information constitutes a "material circumstance" not considered 
when the regulation was adopted. The grant of limited exemptions to a limited number of plants 
for purposes of pilot testing does not pose any special problems but the repeated issuance of a 
large number of exemptions which, considered together, represent a fundamental alteration of 
the conceptual nature of the licensing basis, to more than a limited number of plants essentially 
constitutes a generic change to the regulatory requirements in Part 50. Such generic changes 
should be adopted through rulemaking, rather than the case-by-case approach inherent in the 
regulatory approach embodied in the issuance of exemptions. Similarly, the granting of a large 
number of exemptions to a single plant, should not be so extensive that the validity of the 
original license is called into question (i.e., grant wholesale exemptions to all GOC, and 
regulations for an extensive subset of SSCs. 

Option 3. Changes to Specific Regulatory Requirements 

Under this option, changes would be made to the body of the Part 50 regulations to include 
risk-informed attributes in the requirements. Approaches to revising the body of the regulations 
could include the following: 

adding provisions to Part 50 allowing the staff to approve risk-informed alternatives to 
current regulations, 

revising specific requirements to reflect risk-informed considerations, 

deleting unnecessary or ineffective regulations. 

This approach could be as broad as a complete rewrite of 10 CFR Part 50, or it could be more 
limited in scope, focusing on the regulations that have the most significant potential for 
improving safety and efficiency and reducing unnecessary burden. A process that results in a 
comprehensive reassessment of the Part 50 requirements would offer the ability to develop a 
coherent risk-informed regulatory framework that can be propagated throughout the 
regulations. It is especially important that the process results in consistent requirements among 
the assessment, inspection, and enforcement programs. In addition to benefits to currently 
operating reactors, such a framework would be of benefit for future reactors, and potential 
impact on Part 52 should be considered in developing this option. 

Changes to specific design provisions of the general design criteria (GOCs) in Appendix A to 
10 CFR Part 50 or development of a revised set of design-basis events based upon risk 
significance are potential areas for action under this option. The changes envisioned under 
Option 3 would be necessary to accomplish the long term vision for a risk-informed Part 50 
discussed earlier in this paper. Changes of this magnitude would involve extensive public 
comment and participation. Use of industry pilot programs would be helpful for selecting, 
prioritizing, and implementing such changes. 
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Assessment of Benefits/Impacts For Various Options 

The staff has assessed each of the options for risk-informing Part 50 with respect to the 
following factors to determine the implications of pursuing them: 

potential for improving safety decisions and increasing public confidence 
• potential for reducing unnecessary licensee and NRC burdens 
• the anticipated complexity of changes 
• NRC resources needed for putting changes in place 
• 
• 

licensee resources needed for putting changes in place 
calendar time for full implementation3 (!\IRC and licensee) 

These assessments are, for the most part, qualitative, although preliminary estimates or 
estimated ranges have been made for resources, burden reduction, and an implementation 
schedule. In addition, magnitudes of the impacts of the other factors have been judged in 
relative terms as either high, moderate, or low. The results of the staft's assessment are 
summarized below and presented in both a narrative and tabular form in Attachment 3. 

RECOMMENDATIONS: 

The staff recommends adopting a phased approach to making 10 CFR Part 50 more risk
informed by proceeding initially with Option 2. However, the staff acknowledges that the 
options developed here have not had the benefit of full internal and external stakeholder 
involvement and that additional discussions on the formulation of these issues and their costs 
and benefits are needed in the process of developing a rulemaking package for the 
Commission. A phased approach appears to be consistent with comments received from 
stakeholders and would allow for achieving meaningful benefits in the early stages, while 
additional study is conducted to identify where additional risk-informed insights can be factored 
into more extensive regulatory changes in later phases. The staff also recommends that the 
current rulemaking activities identified in Option 1 continue unimpeded. 

The staft also recommends that pilot plants be solicited (1) to assist in the development of 
scope and definition changes to Part 50 and (2) to test proposed changes during the 
development and comment period. The staff seeks gUidance from the Commission on whether 
the scope of the Maintenance Rule should be revised and included as an early part of Option 2 
(see associated issue under "Policy Issues" below). With Commission approval (see 
associated issue under "Policy Issues" below), the staff would consider exemption requests 
from pilot plants related to risk-informed scope modifications for such operational and 
qualification requirements that could be justified by applying the guidelines of RG 1.174 or 
supplemental criteria developed as part of the rulemaking effort. 

3Full implementation means that all NRC and licensee actions needed to make the 
option become part of day-to-day operations have been completed. This includes rule 
changes, guidance documents, staff and licensee program and procedure changes and 
training. 
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The staff additionally recommends that Option 3 be studied further and that the industry and 
staff continue with such pilot programs as the NEI Whole Plant study, to identify specific 
requirements meriting change and possible risk-informed alternatives to the body of Part 50. At 
the conclusion of this study, the staff would make recommendations to the Commission on any 
specific regulatory changes that should be pursued and the corresponding schedules and 
resource needs. During this study phase, the staff would be receptive to identifying specific 
regulatory changes that provide very beneficial risk-informed enhancements. These could 
include identifying requirements that are not risk- or safety-effective (for deletion consideration) 
as well as identifying areas in which very well-focused revisions could significantly enhance 
safety and/or effectiveness. When such issues are identified, they will be brought to the 
Commission's attention on a priority basis along with staff recommendations for action. 

POLICY ISSUES: 

The policy issues for Commission consideration include the following: 

(1) voluntary vs. mandatory conformance with modified 10 CFR Part 50, 
(2) industry pilot studies with selected exemptions to Part 50, 
(3) modification of scope of the Maintenance Rule, 
(4) clarification of staff authority for applying risk-informed decision making. 

An assessment of the advantages and disadvantages of these issues is discussed in detail in 
Attachment 4 to this paper. 

In summary, (1) the staff recommends that risk-informed implementation of Part 50 should be 
voluntary for licensees; (2) the staff recommends allowing pilot plants to implement changes 
using exemptions, because it will provide a significant benefit to the process of developing risk
informed revisions to Part 50; (3) the staff recommends that the current rulemaking initiatives 
associated with paragraphs (a)(3)/(a)(4) of 50.65 continue and that the scope of the 
Maintenance Rule be revised to one that is risk-informed and that this activity be an early 
activity in support of the overall Part 50 revision process; and (4) the staff recommends that 
additional guidance be developed, such as in a regulatory guide, to provide clarification on staff 
authority for applying risk-informed processes in regulatory activities beyond risk-informed 
licensing actions. 

IMPLEMENTATION ISSUES: 

The modification of 10 CFR Part 50 to make it more risk-informed requires the resolution of a 
set of implementation issues as well as the policy issues identified previously in this paper. 
These implementation issues are described in Attachment 5, and are provided for the 
Commission's information at this time. Resolution of these issues will be addressed during the 
development of the rulemaking process. 

REQUESTED COMMISSION ACTION: 

The staff requests that the Commission (1) approve implementation of Option 2 (including 
additional early internal and external stakeholder discussion) with utilization of industry pilot 
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studies, and allow ongoing rulemaking actions identified in Option 1 to continue unimpeded; 
(2) note that the staff will initiate a study of Option 3; (3) approve the use of industry pilot 
studies involving the use of exemptions to assist in the development of the Part 50 
modifications; (4) endorse using the Maintenance Rule (10 CFR 50.65) as part of the Option 2 
effort, as an initial step in revising the scope to be risk-informed and to facilitate scope revisions 
being developed for other Part 50 operational requirements (Option 2); (5) approve work to 
develop regulatory guide or other staff guidance clarifying staff approaches for applying risk
informed decision making; and (6) provide guidance on the remaining policy issues discussed 
in Attachment 4. 

After the Commission issues its guidance, the staff will develop another Commission paper 
(including a Rulemaking Activities Plan, as appropriate) to address in more detail a plan of 
action for implementing the guidance provided by the Commission. 

COORDI NATION: 

The Office of the General Counsel has reviewed this paper and has no legal objections. The 
Office of the Chief Financial Officer has reviewed this paper for resource implications and has 
no objections. 

RESOURCES: 

On the basis of experience with developing such programs as standard technical specifications, 
Maintenance Rule, and risk-informed regulatory guidance, the staff has made some preliminary 
estimates of NRC resources needed to implement the various options. These estimates, which 
the staff believes are the best possible at this point in time, are shown in Attachment 3. Also 
provided are preliminary estimates of the potential benefits from the various options with 
respect to decision making and burden reduction. Although these estimates vary among 
options, in all cases they are considered substantial in an environment of declining resources. 
Current Operating Plan budgets for FY 1999 and FY 2000 do not reflect the resources (dollars 
or FTE) needed to pursue Options 2 or 3 or the study of Option 3. Therefore, implementing 
these options would necessitate reprogramming resources from other activities from within the 
NRR and RES budgets. More specifically, this would have implications for the NRR operating 
plan and budget for undertaking rulemaking and review of exemptions, and the RES operating 
plan and budget for support of the development of technical bases and study of Option 3 
alternatives. The staff proposes to make more refined resource estimates and identify 
adjustments in office operating plans after receiving guidance and direction from the 
Commission regarding specific options. The staff's initial judgment is that the resource 
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requirements for the recommended options could be accommodated without compromising the 
high priority issues of risk-informed licensing actions and risk-informing the inspection, 
assessment and enforcement processes. 

William D. Travers 
Executive Director 
for Operations 
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INSIGHTS FROM GRADED QUALITY ASSURANCE IMPLEMENTATION
 
AT SOUTH TEXAS PROJECT (STP)
 

In March 1996, the STP licensee asked NRC to approve a revised Operations Quality 
Assurance Program (OQAP) for STP, incorporating the methodology for graded quality 
assurance (QA), which was also based on probabilistic safety assessment (PSA) risk insights. 
Following extensive discussions with the licensee and substantial review, the staff approved the 
proposed revision to the OQAP by letter dated November 6, 1997. In its letter and 
accompanying safety evaluation, the staff concluded that the licensee's methodology for 
determining the relative safety significance of plant structures, systems, and components 
(SSCs) was acceptable; that appropriate QA controls had been defined for the established 
categories of SSCs; that adequate feedback mechanisms had been established to adjust the 
graded QA program if operational performance indicated such a need; and that all pertinent 
regulatory requirements continued to be satisfied. 

Subsequent to NRC approval, the licensee has identified implementation difficulties associated 
with the graded QA program. For a number of low-risk-significant SSCs, for which the licensee 
has reduced the QA requirement, other regulatory requirements such as environmental 
qualification and American Society of Mechanical Engineers Code seismic requirements 
continue to impose substantial requirements. This has prevented the licensee from reducing 
additional burdens on these SSCs that have low importance. 

. The licensee has indicated its desire to solicit additional regulatory relief, to achieve its originally 
envisioned graded QA program benefits. As discussed with the staff at several meetings, the 
licensee would propose exemptions to 10 CFR 50.2 and 10 CFR 50.59, so that some 
components currently considered as "safety-related" or "important to safety" could be 
reclassified as non-risk-significant and low-risk-significant components, consistent with the 
NRC-approved graded QA process. This STP initiative could reduce the complexity and 
resources required for routine maintenance and replacement for specifically identified systems 
or components by removing them from the scope of specific regulations, such as those 
governing seismic and other qualification requirements. Commission approval of the policy 
issue allowing risk-informed exemptions would clarify the staff's ability to proceed with this pilot. 

ATTACHMENT 1
 



SUPPLEMENTARY INFORMATION ON MAINTENANCE RULE SCOPE
 

Scope Issues Related to Risk-Informing the Maintenance Rule 

The staff has received comments from the Nuclear Energy Institute (NEI) that the industry 
intends to propose narrowing the Maintenance Rule (10 CFR 50.65) scope as part of the 
current Maintenance Rule revision.4 It should be noted that the scope of the Maintenance Rule 
was intentionally broader than the scope of other regulations. In 1991, when the rule was 
written, the Commission specifically included non-safety-related structures, systems, and 
components (SSCs) in order to apply the NRC's authority to take action against poor 
maintenance practices in the balance of plant. The purpose of the Maintenance Rule is to 
"provide reasonable assurance that (1) intended safety, accident mitigation, and transient 
mitigation functions of the SSCs [in scope via (b)(1) and (b)(2)(I)] can be performed, and 
(2) failure of SSCs [in scope via (b)(2)(ii) and (b)(iii) ] will not occur which prevent the fulfillment 
of safety-related functions, and failures resulting in scrams and unnecessary actuation of 
safety-related systems are minimized." The staff's current thinking on a risk-informed Part 50 
is in conflict with the present scope of the Maintenance Rule, in that SSCs whose failures could 
result in transients and scrams are currently captured but would not necessarily be captured by 
a risk-informed scope. Also, equipment that is used to mitigate accidents and transients as well 
as equipment whose failure could prevent a safety-related SSC from fulfilling its intended 
function would not necessarily (dependent on their risk importance) remain in a risk-informed 
scope. Since risk-informing Part 50, including the Maintenance Rule, would change a previous 
Commission policy, a related policy issue has been included in the "Policy Issues" section of 
this paper. This policy issue addresses whether a scope change on the Maintenance Rule 
should be implemented, and possible alternatives to a rule change that offer potential 
reductions in implementation burden. 

4The current rulemaking is limited to the safety assessment (a)(3) recommendation; a 
separate proposed rule change (including scope revisions) would have to be issued for public 
comment. 

ATTACHMENT 2 



PRELIMINARY ASSESSMENT OF IMPACTS OF VARIOUS OPTIONS FOR RISK

INFORMING PART 50
 

Treatment 

Improved safety High Moderate to High 
decisions and 
public confidence 

Implementation 25 to 50 NRR FTE over 100 RES/NRR FTE over 
costs NRC5 4 to 8 years; NRR tech. not less than 5 years; 

assistance $250Klyr RES tech. assistance of 
$1 million/yr' 

2 to 3 Research FTE and 
500Klyr for approximately 
2 to 3 years 

Implementation High High 
costs licensees 

Burden reduction Moderate7 Less than Option 2 but 
NRC dependent upon specific 

changes implemented 

Burden reduction Very High8 Potentially high 
licensees 

Complexity Moderately high High 

Time to full 4 to 8 years Not less than 5 years 
implementation after completion of 

Option 3 study 

Option 2 Option 3 

Change Scope of SSCs Change Specific Safety 
Requiring Special Requirements 

5Estimated direct FTE assuming that all policy issue recommendations are endorsed 
by the Commission. Industry implementation being mandatory or voluntary (i.e., policy 
Option 1) would not appreciably affect these estimates. 

6Prelirninary estimates for full Option 3 implementation, including rUlemaking. 
Resources to conduct the study of Option 3 are in addition to the full implementation costs and 
are estimated to be approximately 5 RES/NRR FTE spread over 2-3 years, and RES technical 
assistance of $500k/yr. 

70nce fully implemented, this option is estimated to result in increased staff efficiencies 
in the area of licensing reviews, inspection and enforcement to correspond to a net reduction in 
staffing levels of approximately 10-20 direct FTE per year. 

8Reduction of 1 to 10 % of current operations and maintenance (O&M) cost assumed 
(-$100 million to 1 billion/year). 

ATTACHMENT 3 
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Assessment of the Implications of Pursuing Various Options 

The staff has made a very preliminary assessment of each of the options for risk-informing 
Part 50 with respect to the following factors to determine the implications of pursuing them: 

potential for improving safety decisions 
potential for reducing unnecessary licensee and NRC burdens 
the anticipated complexity of changes 
licensee and NRC resources needed for putting changes in place 
calendar time for full implementation9 (licensee and NRC) 

Although the assessments are, for the most part qualitative, some preliminary estimates have 
been made for NRC resources, burden reduction on the part of NRC and licensees, and the 
schedules for implementation. In addition, magnitudes of the impacts of the other factors have 
been judged in relative terms as either very high, high or moderate, or low. 

The results of the staff's assessment are discussed below and summarized in the table on the 
preceding page. 

Option 2. Changing the Scope of SSCs Requiring Special Treatment 

Changing the scope of SSC operational and qualification treatment requirements to be risk
informed would lead to better safety decisions in one of the most important areas with respect 
to safety at nuclear power plants-plant operations. Indeed, operating experience, research, and 
analyses of severe accidents have shown plant designs to be generally robust; also, with the 
completion of the individual plant examinations, plant-specific design vulnerabilities have been 
addressed. Consequently, the risk at plant sites is controlled on a day-to-day basis by 
decisions pertaining to operations. For this reason, the staff believes that this option would 
have the highest safety impact with respect to the regulatory decision making process, as well 
as offering the greatest potential for reducing unnecessary burden. 

Changing the scope of operational and qualification treatment involves fundamental changes to 
a significant number of diverse requirements that would lead to many changes in procedures 
and practices for the licensees and NRC. Because of this, the staff believes that NRC and its 
licensees would face a significant number of complex issues in implementing this option. Along 
with resolving difficult issues, significant effort by both the NRC and licensees would be 
required to make changes to their respective "infrastructures" (e.g., procedures, training, 
regulatory guides) dictated by this option. Consequently, the staff expects that this option 
would require significant resource commitments from the NRC and licensees to develop and 
implement the option fully. The staff estimates 25 to 50 direct FTE expended over a 4-8 year 
period and $250K per year would be needed to implement this option. At the public workshop 
on risk-informing Part 50, industry representatives also expressed their expectation that this 
option could lead to significant reductions in operating costs (burden), especially when the 
changes lead to reductions in occupational exposure to radiation. The staff believes that a 

9Full implementation means all licensee and !\IRC actions needed to make the option 
become part of day-to-day operations have been completed. 
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1 percent to 10 percent reduction in current operations and maintenance (O&M) costs per plant 
per year following implementation of the option (~-$1 00 million to 1 billion/year for the entire 
population of operating plants) is a reasonable figure to use for the purpose of considering 
options. This estimate is consistent with the views of senior nuclear industry executives. In a 
November 10, 1998 e-mail toAnnetteL.Vietti-Cook.Mr. Harold B. Ray, Executive Vice 
President, Southern California Edison Company, submitted information in preparation of the 
planned November 13, 1998 Stakeholders meeting. In that e-mail.Mr. Ray stated in response, 
"In contrast, savings of at least 1 percent of annual O&M should certainly be achievable over 
the long term, and far more than this would be a reasonable goal. On another basis, only a few 
hours of avoided, market-based revenue loss per year, as a result of fully risk-informed 
regulation, would offset the assumed cost of plan implementation by anyone unit. In our 
experience, this should certainly be achievable." 

In regard to schedule, one licensee representative at the workshop who is a participant in the 
NEI Whole Plant initiative on Part 50 expressed his belief that this option could be fully 
implemented in approximately 5 years. Given the time it has taken to develop the Maintenance 
Rule and put it in place, and the lessons learned from Maintenance Rule implementation, the 
staff believes that a reasonable estimate is on the order of 4-8 years. 

Option 3. Changes in Safety Requirements 

Changes to safety requirements can vary substantially in cost and burden reduction, depending 
on the number of requirements being changed, the nature of each specific requirement being 
changed, and the complexity of the change being made to the regulation. Fundamental and 
far-reaching changes to cornerstone safety requirements such as 10 CFR 50.46 (emergency 
core cooling) or 10 CFR Part 50, Appendix A (General Design Criteria) would have a cost and 
schedule much higher than that associated with changes that simply permit licensees to 
propose an alternative risk-informed method for satisfying an existing Part 50 requirement. 
Resources needed on the part of the NRC and licensees to make substantive changes to 
safety requirements are expected to be large. In many cases such changes would include 
changes in codes, standards, NRC regulatory guides, NRC standard review plans, FSARs, and 
design-basis documents that implement the requirements in Part 50. For this reason, the staff 
believes this option would be the most difficult, most expensive, most time-consuming (no fewer 
than 5 years) to implement. The staff's preliminary estimate for NRC resources needed to 
implement this option is a total of 100 direct FTE with technical assistance of $1 million/yr. This 
estimate will be refined after the Option 3 study is finished. These are preliminary estimates for 
full Option 3 implementation, including rulemaking. The estimated resources to conduct the 
study of Option 3 are approximately 5 direct FTE spread over 2-3 years and technical 
assistance of $500k/yr. 

Changes in safety requirements that eliminate the need for some systems, structures, and 
components, or that allow substantial flexibility in such areas as reactor fuel design, would lead 
to a reduction in the unnecessary burden to licensees. The staff estimates a reduction that 
could be potentially high, but that there is more uncertainty regarding the potential benefit, 
which will be dependent upon what rule revisions are actually implemented. 



DISCUSSION OF POLICY ISSUES
 

The Commission is requested to provide guidance on the following policy issues in order to 
develop specific implementation approaches for the options discussed above. These include 
the following: 

• voluntary vs. mandatory conformance with modified 10 CFR Part 50, 
• industry pilot studies with selected exemptions to Part 50, 
• modification of scope of the Maintenance Rule, 
• clarification of staff authority for applying risk-informed decision making. 

1. Mandatory versus Voluntary Implementation of Risk-informed Part 50 

For any proposed risk-informed changes to Part 50, a fundamental policy question is whether 
all licensees would be required to implement the revised regulations, or whether the revised 
regulations would offer licensees an optional alternative set of requirements that each individual 
licensee can choose to adopt, (changes to the current Part 50) or not adopt (remain with the 
current Part 50). If the Commission directs that implementation of a risk-informed Part 50 
modification be voluntary, a related policy question arises: can a licensee choose which 
elements of the revised Part 50 to follow, or does selection of the risk-informed track require 
utilization of the entire set of revised requirements. 

Advantages of Mandatory Implementation 

Requiring the mandatory implementation of a risk-informed Part 50 has a number of 
advantages. Regulatory clarity and stability would be enhanced since there would be a single 
set of regulatory requirements. The Commission's objective stated in the PRA Policy 
Statement, to increase use of PRA, would be furthered. The safety benefit and burden
reduction benefits of risk-informed regulation would be uniformly achieved throughout the 
industry as regulatory requirements would be more properly risk-focused. Problems inherent in 
having two classes of licensees, risk-informed and not risk-informed, would be avoided. The 
staff is currently committed to check on implementation of more than 500 safety enhancements 
identified by the IPE and IPEEE program and to consider the need for regulatory oversight of 
such safety enhancements to the extent that they meet the backfit rule. Under a mandatory, 
risk-informed program, important safety enhancements would receive appropriate regulatory 
oversight, reducing the need for staff IPE followup. 

Disadvantages of Mandatory Implementation 

Mandatory application of risk-informed changes to Part 50 could have a detrimental effect on 
the schedule, resources, and extent to which Part 50 could be risk-informed. This is because 
many in the nuclear industry oppose any mandatory application of risk-informed initiatives and 
would likely work to limit changes if they are mandatory. More fundamentally, it may be very 
difficult to show that the risk informed changes, in any form, either: (i) will result in a substantial 
increase in overall protection of the public health and safety or common defense and security, 
the initial backfit threshold finding; or (ii) are necessary for adequate protection. In the latter 
regard, it must be shown that the existing regulatory approach no longer provides reasonable 
assurance of adequate protection, such that mandatory imposition of the new regulatory 
scheme is necessary to provide such reasonable assurance. While there are several options 
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open to the Commission with respect to addressing the Backfit Rule, it is likely that the industry 
would oppose Commission adoption of any of those options. 

Also, licensees that have limited in-house PRA capability, and who may not have anticipated 
using the optional risk-informed approaches of RG 1.174, will have to expend start-up 
resources to ensure that they have adequate technical capability and an adequate quality PRA 
to properly implement the revised regulatory framework. Licensees that have shorter remaining 
license periods or those that anticipate early decommissioning would have less time to gain the 
benefits from a reduced regulatory burden. Also, the implications for those plants currently 
seeking license renewal would need to be determined. 

Finally, current requirements have led to plants that are jUdged safe. Mandatory application of 
sweeping changes to Part 50 could send a signal that current plants are less safe than desired. 
If the risk-informed changes to Part 50 do represent an improvement, the staff expects that 
licensees would eventually change voluntarily. 

If the Commission does direct the staff to proceed with risk-informed Part 50 revisions on a 
voluntary basis as the chosen option, the policy issue that remains is whether licensees that 
wish to use risk-informed options can implement selected elements, or whether they should 
employ the entire complement of risk-informed regulatory requirements. For example, could a 
licensee reduce quality assurance (QA), operational requirements, and equipment qualification 
requirements (EQ, and code class) on low risk important SSCs in the emergency ac power 
system, even though risk-important elements in non-safety-related gas turbine generators or 
startup feedpumps are not identified for additional attention? 

This approach would allow licensees to be selective about what systems or programs are 
targeted for risk-informed implementation, thereby reducing implementation costs, and possibly 
allowing for earlier implementation, but in a more limited scope. However, partial 
implementation, sometimes known as "cherry picking" would tend to reduce burden in areas 
that are over regulated, but without the commensurate benefit of additional quality or 
performance requirements where SSC risk importance has not been fully recognized by the 
current regulatory framework. Such selective implementation is not compatible with the intent 
of risk-informed regulation. 

Staff Recommendation 

The staff recommends that implementation be voluntary, but that selective implementation not 
be allowed. 

2. Industry Pilot Studies With Selected Exemptions to Part 50 in Advance of Rulemaking 

The rulemaking process associated with a structured phased approach to risk-informing 
Part 50 would likely require several years before significant changes are issued. As the staff 
develops proposed regulatory revisions and works with pilot participants, the policy question 
arises as to whether pilot plant licensees may implement risk-informed alternatives through 
exemptions. 
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Advantages of Industry Pilot Studies With Exemptions 

Industry pilot programs would be a very useful vehicle to develop and test approaches for risk
informed revisions to our regulatory requirements. They also would offer the opportunity to 
explore the detailed impact on design and operational requirements. Allowing exemptions in 
advance of final rulemaking would offer an incentive for industry pilot participants to justify the 
resource costs of pilot cooperation. This would serve to increase the potential pool of risk
informed pilot programs, which would benefit the risk-informing process. Even without formal 
pilot programs, stating the Commission's receptiveness to risk-informed exemption requests 
would demonstrate the agency's commitment to be forward-looking in allowing appropriate use 
of risk-informed approaches in the most timely manner. Additionally, Commission endorsement 
of this approach would clarify the ability of the staff to respond to the South Texas Project 
initiatives for resolving problems associated with Graded QA implementation (discussed in 
Attachment 1). 

Disadvantages of Industry Pilot Studies With Exemptions 

Since the rulemaking process would not have been fully completed when some exemptions 
would be issued, there is a possibility that details of a licensee risk-informed implementation 
might not be identical with the final rule. However, once the rulemaking process is completed, 
the pilot plants could be required to comply with the final rule(s) if the exemptions authorizing 
each plant's pilot approach include a provision requiring the plants to comply with the 
requirements in the final rulemaking(s). 

Staff Recommendation 

The staff recommends that industry pilot programs be undertaken in all appropriate areas 
including, but not limited to, the Maintenance Rule scope (see policy issue #3 below) and NEI 
Whole Plant study, and that exemptions be granted to pilot participants in cases in which the 
staff has determined that adequate risk-informed bases have been provided and the provisions 
of 10 CFR 50.12 are met. 

3. Modification of Scope of the Maintenance Rule 

As discussed in Attachment 2, the intent of the Maintenance Rule was that licensee's 
maintenance of important SSCs is effective to assure the functional capability of a broad range 
of plant SSCs and to reduce (or minimize) safety challenges such as reactor scrams. If the 
scope of the Maintenance Rule were to be modified in a risk-informed manner, much of the 
current scope could be eliminated since many of the SSCs currently monitored have little 
impact on core damage frequency or large early release frequency. One of the proposed risk
informed assessment program cornerstones includes all plant scrams regardless of their safety 
significance. The impact of modifying the rule on the regulatory basis for inspection and 
enforcement related to those initiators should be carefully assessed and considered. Modifying 
the scope of the Maintenance Rule could also impact the implementation of the license renewal 
rules in 10 CFR Part 54. If the Commission directs the staff to modify the scope of the 
Maintenance Rule, the remaining issue is: should the present rulemaking (requiring 
assessment prior to taking equipment out of service for maintenance) continue on its present 
schedule, or should this rulemaking be suspended, and its content included in a later 
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rulemaking package which includes the scope changes. As an alternative for rulemaking to 
revise the scope of 10 CFR 50.65, the staff could revise its guidance to reduce the scope of 
non-safety-related SSCs and the implementation requirements for SSCs that are of low risk 
importance. 

Advantages of Revising Maintenance Rule Scope 

Modifying the scope of the Maintenance Rule along with other regulations to be risk-informed 
would result in a coherent and consistent scope of all operation-related requirements. In 
addition, the overall intent of risk-informing the regulations (i.e., to better focus NRC and 
licensee resources on issues commensurate with safety) would be better served. Having a 
common scope of all operationally oriented rules would also contribute to improved clarity and 
communications. The inspection and enforcement programs are clear areas that would benefit 
from a reduced Maintenance Rule scope by more closely focusing on risk-significant SSCs and 
activities. Additionally, risk-informing the scope of the Maintenance Rule could relieve licensee 
burden without significantly affecting plant safety. The process would also provide the staff and 
industry with an excellent pilot activity that could serve as a basis for scope development for 
other rule revisions. 

If the Commission does direct the staff to implement a revised scope to the Maintenance Rule, 
the remaining policy question is whether the current rulemaking should continue and the scope 
changes be conducted as an early part of Option 2, or should current 50.65 rulemaking be 
suspended and the proposed (a)(3)/(a)(4) changes be incorporated into a single rulemaking 
which includes the scope revisions. 

The advantage of continuing with the current rulemaking is that it allows for earlier 
implementation of the requirement for licensees to assess the safety impact of taking 
equipment out of service for maintenance, which is voluntary in the existing rule. 

The disadvantage of continuing with the current rulemaking activities is that it will necessitate 
two separate rulemakings, one dealing with the assessment requirement and a later effort 
directed towards the scope change. This would likely result in a small overall increase in staff 
resources, versus a single rulemaking effort that included both elements. 

Disadvantages of Revising Maintenance Rule Scope 

Modifying the scope of the Maintenance Rule would eliminate one mechanism for getting early 
predictive information on licensees' performance and on equipment reliability and availability; 
therefore, such scope changes would have to be assessed relative to their impact on the 
reactor assessment process currently under development to ensure design consistency. Also, 
the Commission's longstanding desire to reduce challenges, such as reactor scrams, could be 
eroded to some extent, especially as related to performance of balance-of-plant (BOP) 
systems. 

The Maintenance Rule was credited (along with the entire regulatory process) in establishing 
the scope and objective of the license renewal rule in 10 CFR Part 54. Prior to changing the 
scope of the Maintenance Rule, the potential impact of the proposed changes on license 
renewal must be carefully considered. 
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If the Commission directs the staff not to revise the scope of the Maintenance Rule to be risk
informed, the remaining policy question is whether revised guidance should be issued to 
remove some less risk significant non-safety-related SSCs from scope and to allow less 
monitoring and assessment for those in-scope low risk standby SSCs which are of low risk 
importance. A revised regulatory guide could be developed which outlines such reductions in 
implementation burden for low importance SSCs. 

The advantages of issuing such guidance is that it would provide some amount of burden 
reduction for licensees on an expedited basis, without requiring the staff resources necessary 
to conduct additional rulemaking on 10 CFR 50.65. 

The disadvantage of utilizing regulatory gUidance documents, rather than a rule change, is that 
some monitoring and assessment burden would still remain on low risk importance SSCs due 
to the current scope definition in the rule. Therefore, this approach would only partially improve 
the risk-informed focus of the Maintenance Rule. 

Staff Recommendation 

The staff recommends that the present rulemaking effort on 10 CFR 50.65 continue 
unimpeded. The staff also recommends that the scope of the Maintenance Rule be revised to 
be risk-informed and that this effort be conducted in an early stage of Option 2 implementation. 
If the Commission directs the staff not to revise the scope of the Maintenance Rule, then the 
staff recommends that implementation guidance be revised to reduce the monitoring and 
assessment requirements on low risk important SSCs. 

4. Clarification of Staff Authority for Applying Risk-Informed Decision making 

Commission guidance presented in the final risk-informed regulatory gUidance e.g., RG 1.174 
and standard review plans, documents the process and criteria for licensees to use in justifying 
licensee-initiated (voluntary) risk-informed licensing actions. Although the Commission's 1995 
PRA Policy Statement indicated that the staff should increase the use of PRA in its regulatory 
activities, no specific requirement exists for licensees to perform risk analyses in support of 
licensing actions. 

Advantages of Clarification of Staff Authority 

This action would clarify the staff's authority to question the risk implications of, and potentially 
reject proposed changes to, the license or licensing basis for specific instances where risk 
considerations indicate the change would be unacceptable, (Le., would not ensure adequate 
protection). This guidance would specifically state the staff's responsibilities to consider risk in 
regulatory decision making where the staff has information that leads it to question whether 
there is adequate protection. Section 182.a of the Atomic Energy Act of 1954, as amended 
(AEA) provides the NRC the authority to require the submission of information in connection 
with a license application (including an application for a license amendment) and this includes 
requesting risk information where NRC has reason to question adequate protection in a specific 
case. In cases where the risk information raises a concern with respect to adequate protection, 
the Commission could deny the application or condition its approval upon a showing that the 
applicant has addressed the risk information such that there is reasonable assurance of 
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adequate protection. However, if the risk information does not raise a concern with respect to 
adequate protection, then the Commission could: grant the license subject to conditions or 
requirements beyond those required in the Commission's regulations if a backfit analysis 
pursuant to 10 CFR 50.109 were performed to demonstrate that the additional conditions or 
requirements represent a substantial increase in protection of public health and safety whose 
costs are justified in view of the increased level of protection. In either case, however, the NRC 
bears the burden of demonstrating that the additional conditions and requirements are justified. 

Therefore, additional direct authority does not need to be stated in Part 50 itself. However, to 
provide clarity and consistency, additional guidance in such supporting documents as a 
regulatory guide could be established to assist the staff in identifying circumstances in which 
the relationship between meeting the regulation and demonstrating adequate protection should 
be further explored. The staff would utilize such guidance in deciding "if undue risk exists" (i.e., 
there is no adequate protection), even when all other regulatory requirements appear to be 
satisfied. 

Disadvantages of Clarification of Staff Authority 

Issuing staff guidance, rather than undertaking a rulemaking, to clarify the responsibility of the 
staff to apply risk-informed concepts in regulatory activities would rely upon our regulatory 
authority to take appropriate action whenever adequate protection is called into question. 
Absent rulemaking severe accident risk will be considered only in those instances where the 
staff believes adequate protection may be in question, or the backfit provisions of 50.109 can 
be satisfied. This sets a high threshold that the staff must achieve in pursuing severe-accident 
issues with licensees, who are not in the process of supporting risk-informed licensing actions. 
Pursuing the clarification approach discussed above would put the additional burden on the 
staff to demonstrate lack of adequate protection, where the staff would wish to take regulatory 
action based upon risk insights. 

Staff Recommendation 

The staff recommends that the Commission approve development of clarification guidance with 
respect to the staff's authority to use risk-informed approaches in appropriate regulatory 
activities. However, should the Commission decide to initiate rulemaking to go further and 
require licensees to consider severe accident risk in all licensing activities, the staff 
recommends that this issue be included into the scope of Option 3 for further study. 

~
 



IMPLEMENTATION ISSUES FOR RISK-INFORMING 10 CFR PART 50
 

Issue Description 

Metrics and acceptance 
gUidelines 

What metrics are needed for the traditional engineering and risk 
parts of specific risk-informed regulations? What are the 
associated acceptance guidelines? Should the categorization of 
SSCs with respect to safety importance be graded? How should 
currently "non-safety-related" SSCs that are risk-important be 
captured in the new categorization scheme? 

Required NRC review 
and approval 

What risk-informed decisions can be made by licensees without 
NRC advance review and approval? What decisions will require 
such advance approval? 

PRA quality What is the required scope, level of detail, and quality of risk 
information needed for using PRA to support decisions for 
specific regulations? 

Required documentation What documentation is needed on site and is submitted to NRC 
for plant design and operational changes made as a result of the 
modifications to Part 50? Should the PRA be required to be 
docketed? How do potential changes to Part 50 to make it more 
risk-informed affect the ongoing process to make FSAR updates 
risk-informed? 

Conforming regulatory 
guide and standard 
review plan changes 

What regulatory guides (RGs) and standard review plan (SRP) 
sections need to be modified to reflect changes to Part 50? 
Should these modifications be made in parallel with or 
subsequent to rule changes? 

Integration with risk-
informed oversight 

How do changes to make the oversight process more risk-
informed affect potential changes to Part 50? How do changes to 
Part 50 affect the oversight process? 

Integration with ongoing 
rule changes 

Which ongoing rule changes should be combined with potential 
rule changes to Part 50 to make it more risk-informed? 

ATTACHMENT 5 
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Future Resources Associates. Inc.. 
2039 Shattuck Avenue, Suite 402, Berkeley, Califomia 94704 
(519) 644-2700 ",. F,AX (510) ,6:44-1117 
e-mai!:'~UD.NITZ _'@~!,C~~Lt:~ET, 

25 June 1999 

Dr. B. John Garrick 
Chair, Advisory Committee on Nuclear Waste 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Dear Dr. Garrick:' 

Recently, I served as a member of the "Performance Assessment Peer Review 
Panel" that TRW and DOE assembled to review the most recent performance 
assessment for the proposed repository at Yucca Mountain. During that work, I had 
occasion to give some thought to the relative roles of realistic (probabilistic) 
performance assessment and defense-in-depth in NRC's overall scheme for 
regulation of Yucca Mountain, in light of both the obvious strengths and advantages 
of probabilistic' Derformance-assessment methods and their equally obvious 
limitations. ". 

The draft version of NRC's proposed Part 63 to Title 10 contains some words about 
defense-in-depth that seem to me ambiguous concerning its potential role in the 
overall regulatory approach. The principal discussion is found in the "Supplementary 
Information", Section VIII, "Multiple Barriers and Defense in Depth", page 8647 fL, 
Federal Register of February 22, 1999. Here NRC describes how it has decided to 
back away from the subsystem performance requirements of the old Part 60, based 
on advances in analysis technology and certain other considerations that are 
discussed extensively. The text cites the ACNWs recommendation on this question 
as follows: ......the ACNW recently recommended that the Commission implement 
the concept of defense in depth by ensuring that the effectiveness of individual 
barriers be identified explicitly in the total system performance assessment (TSPA), 
but specifically did not endorse the establishment of rule-based subsystem ' 
requirements for Yucca Mountain." The NRC then goes on essentially to endorse 
this ACNW recommendation, and seems to ask the applicant (DOE) only to 
"....demonstrate that the natural barriers and the engineered barrier system will work 
in'combination to enhance overall performance of the geologic repository." 
Specifically, "....the Commission is now proposing to require that DOE evaluate the 
behavior of barriers important to waste isolation in the context of the performance of 
the geologic repository. The Commission does not intend to specify numerical goals 



for the performance of individual barriers •••. The Commission proposes to incorporate 
flexibility into its regulations by requiring DOE to demonstrate that the geologic 

. repository comprises multiple barriers but not prescribe which barriers are important 
to waste isolation or the methods to describe their capability to isolate waste.

So far, so good - this text is quite clear to me. But then, at the very end of this 
Section VIII, comes the kicker: ''The proposed requirements will provide for a system 
of multiple barriers and an understanding of the resiliency of the geologic repository 
provided by the barriers important to waste isolation to ensure defense in depth and 
increase confidence that the postclosure performance objective will be achieved,
[emphasis added]. 

The thrust of this Jetter is an inquiry as to the operational meaning of those words, In 
the context of NRC's upcoming review of how DOE accomplishes "defense in depth" 
in the Yucca Mountain license application. 

One interpretation of how NRC will review the Yucca Mountain design vis-a-vis 
defense-in-depth is that the DOE design for Yucca Mountain absolutely must take 
defense-in-depth into account (somehowl - apparently DOE gets to decide howl), 
and if it does not do so then a license will not be granted even if the other 
requirements are met. A second and alternate interpretation is that, if DOE can 
demonstrate that the repository design can meet the probabilistic criteria (the vehicle 
for such a demonstration would be a high-quality probabilistic performance 
assessment), then meeting those probabilistic criteria would be sufficient, without the 
need to demonstrate the efficacy of any specific design features to address defense
in-depth. In this latter interpretation, the defense-in-depth "requirement" might be met 
by the rather simple observation that both engineered and natural "barriers" will exist 
(as they manifestly do - several of eachl) at Yucca Mountain, but the regulations 
would not demand any specific performance from any of the specific barriers. This 
would mean, in effect, that defense-In-depth would be formally cited as an important 
part of the regulatory philosophy underlying Part 63, but would be accorded only "lip 
service" in the actual implementation of the regulation itself, given the observation 
that the Yucca Mountain design will surely have both several engineered barriers and 
several natural barriers. . 

The two above interpretations aren't all that different in practice, although in 
philosophy they are quite different. In either of them, no further regulatory guidance 
from the NRC staff is apparently needed: DOE will simply need to show that several 
barriers exist, and will need to analyze the effectiveness of each, but will not need to 
compare them to any criteria, fixed or floating. Thus, either way, as a practical 
matter DOE could not "flunk" this defense-in-depth "requirement

- - "-_. -~- -_. __ .- ~ - --,.... - "p- - - .~_ .._- ••• ~. _. 
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Still a third possibility is that NRC will specify later (through regulatory guides, branch 
technical positions, etc.) an acceptable way for DOE to address defense-in-depth, but 
that as of now the specific details of such a future NRC staff position have not yet 
been worked out. The text of draft Part 63 hints at this, in a way, but gives no clue 
as to which of the two possible approaches I mentioned above will govem as a 
matter of philosophy, and also doesn't indicate whether the philosophy to be used will 
have any practical impacts dUring NRC's regulatory review. 

I cannot resolve this dilemma myself: no amount of staring at the conflicting sections 
of NRC text vis-a-vis the proposed Part 63 has been sufficient. I decided, charitably, 
that there must be more background that lam not aware of. ' 

A few weeks ago, and I believe just by coincidence, the ACRS shined a light on this 
problem with their letter to Chairman Jackson: "'-he Role of Defense in Depth in a 
Risk-Informed Regulatory System", May 19, 1999. This ACRS letter was 
accompanied by an attached paper by J. N. Sorensen et a!. f'On the Role of Defense 
in Depth in Risk-Informed Regulation"). Together, the ACRS letter and Sorensen's 
paper describe well the historical role of defense-in-depth in nuclear-reactor 
regulation. They observe that defense-in-depth has never been a regulatory 
requirement per se in reactor regulation, but instead has historically been a 
philosophy that the specific regulations embed all-over-the-place to accomplish the 
stated defense-in-depth goal(s). They also highlight that over the decades there have 
been many different interpretations of what defense-in-depth actually means for 
power-reactor regulation, both in terms of the underlying philosophy, and in terms of 
specific layers of "defense" that have been cited as manifestations of defense-in
depth. 

Turning back to Yucca Mountain and the proposed Part 63, I am writing to ask if the 
ACNW has given thought to (i) just what role the notion of defense-in-depth ought to 
play in NRC's regulatory scheme for Yucca Mountain; and to (ii) 'what the NRC staff 
really is seeking in its use of defense-in-depth language along with TSPA
performance-criteria language in Part 63. Also, I am writing to ascertain whether the 
ambiguities that I seem to find in the current draft language bother ACNW. Perhaps 
the language is clearer to the ACNW than it is to me, because the ACNW has had 
opportunities not available to me to delve more deeply into the staff's thinking and the 
regulatory background. (I modestly point out, though, that if I find the language 
ambiguous then perhaps others will also.) . 

On the specific issue of how the philosophy of defense-in-depth might be used at 
Yucca Mountain, I believe that a major contribution has been made by the ACRS 
when they distinguish between the "rationalist view" (in which defense-in-depth is a 
supplement to risk analysis) and the "structural view" (in which defense-in-depth plays 
a primary roJe in regulation and risk assessment supports it through analysis only). 
When I apply these ideas to Yucca Mountain, I stumble principally because th~ notion 
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of so-called independent barriers (one of which can fail without compromising the 
overall system), which notion has been so useful conceptually for achieving and 
demonstrating power-reactor safety, seems not to apply to the Yucca Mountain 
repository system. As I understand the Yucca Mountain design concept, one cannot 
assume total failure of any of the so-called "barriers" without seriously compromising 
the overall performancel 

So what might the NRC have in mind when discussing defense-in-depth in their draft 
Part 63? I am writing to ask if the ACNW can cast light on this question for me, and 
by extension for the broader community. 

Sincerely yours. 

Robert J. Budnitz 

Note: In parallel with this letter, I have sent a letter to the Part 63 
docket with a "public comment", discussing this defense-in-depth issue. 
All of the thinking and much of the text in that pUblic-comment letter are 
identical to the thoughts herein. 



July 16, 1999 

POLICY ISSUE 
(I nformation) 

SECY-99-186 

FOR: The Commissioners 

FROM: William D. Travers 
Executive Director for Operations 

.SUBJECT: STAFF PLAN FOR CLARIFYING HOW DEFENSE-IN-DEPTH APPLIES 
TO THE REGULATION OF A POSSIBLE GEOLOGIC REPOSITORY AT . 
YUCCA MOUNTAIN, NEVADA 

PURPOSE: 

To inform the Commission of the staff's plans to more clearly address the Commission's 
defense-in-depth philosophy as it pertains to the proposed 10 CFR Part 63 and to the disposal 
of high-level radioactive wastes in a possible geologic repository at Yucca Mountain, Nevada. 

SUMMARY: 

This paper provides the staff's plan to address more clearly the U.S. Nuclear Regulatory 
Commission's (NRC's) defense-in-depth philosophy as it relates to disposal of high-Ievet 
radioactive wastes. The plan describes a 6-month staff effort that includes conducting an . 
interactive dialogue with stakeholders. The staff plan culminates with a formal response to the 
Commission on the implementation of defense-in-depth in the NRC's repository regulatory 
program on November 30, 1999, as part of the package transmitting the proposed final rule at 
10 CFR Part 63. Additional milestones beyond November 30, 1999, are identified in the plan . 
for development of more detailed guidance pending Commission approval. 

CONTACT: Keith I. McConnell, NMSS/DWM 
(301) 415-7289 
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BACKGROUND: 

The Staff Requirements Memorandum, issued on April 12, 1999, directed the staff to evaluate 
how the NRC could more clearly address repository defense-in-depth to foster a common 
understanding of this concept. and to inform the Commission of its findings. This paper 
responds to that direction and provides the staff's plan to clarify its expectations for a 
demonstration of defense-in-depth for a geologic repository. The staff intends to accomplish 
this through responses to public comments in the draft final rule for Part 63 and through 
development of the Yucca Mountain Review Plan (YMRP). In completing Part 63 and the 
YMRP, the staff will incorporate the Commission's defense-in-depth philosophy as elaborated in 
the White Paper on Risk-Informed and Performance-Based Regulation, issued on March 1, 
1999, and has identified speci'fic activities to involve stakeholders. 

DISCUSSION: 

The Nuclear Waste Policy Act of 1982 mandated that technical criteria developed by the 
Commission provide for a system of multiple barriers in the design of the geologic repository. 
To fulfill this statutory requirement, the Commission, in promulgating its generic regulations at 
Part 60 (final rule pUblished on June 21, 1983), specified three numerical subsystem 
performance objectives for repository performance after closure: 

1) The length of time radionuclides should be contained in the waste packages (300
1000 years); 

2) The rate of subsequent releases from the engineered system (one part in 100,000 
per year of the inventory present at 1000 years after permanent closure); and 

3) The pre-emplacement ground-water travel time to the accessible environment (at . 
least 1000 years). . 

Under Part 60, demonstrating compliance with these numerical objectives would constitute 
compliance with the multiple barrier provision. 

In proposing revisions to these objectives in the proposed Part 631, 15 years after Part 60 was 
promulgated, the staff noted that risk-informed, performance-based regulation of geologic 
disposal, together with advances in performance assessment methods, called for reexamining 
the imposition of specific numerical subsystem requirements as was done in Part 60. Further, it 
should be noted that the National Academy of Sciences (NAS) report on the "Technical Bases 
for Yucca Mountain Standards," published in 1995, opposed the inclusion of subsytem 
performance objectives. To maintain the Commission's defense-in-depth philosophy, but avoid 
incorporation of numerical s.ubsystem performance objectives in its site-specific regulation, the 
staff recommended (SECY-97-300), and the Commission accepted, a proposed regulatory 
approach that includes assessment of repository barrier performance, without specifying 
numerical goals for subsystem performance. 

1A comprehensive review of the Commission's consideration of multiple barriers and 
"defense-in-depth" for Part 63 was provided as Attachment 3 to SECY-97-300, "Proposed 
Strategy for Development of Regulations Governing Disposal of. High-Level Radioactive Wastes 
in a Proposed Repository at Yucca Mountain, Nevada." 
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Such an 'approach will require the U.S. Department of Energy (DOE) to provide greater 
transparency of how mUltiple barriers contribute to overall performance, and associated 
uncertainty. The approach does not require compliance with separate performance objectives 
for individual barriers that are unrelated to the U.S. Environmental Protection Agency 
standards. As proposed at Part 63,114, DOE must: 

1)	 Identify the design features of the engineered barrier system (e.g., waste package, 
backfill), and natural features of the geologic setting (e.g., unsaturated zone, 
saturated zone), that are considered barriers important to waste isolation 
(63.114(h)); 

2)	 Describe the capability of barriers, identified as important to waste isolation, to 
isolate wastes, taking into account uncertainties in characterizing and modeling the 
barriers (63.114(i)); and 

3)	 Provide the technical basis for the description of the capability of barriers, identified 
as important to waste isolation, to isolate waste (63.1140)). 

The staff believes that these requirements for multiple barriers, when combined with 
requirements for active and passive institutional control, are sufficient to provide for defense-in
depth for post-closure repository performance2. However, the staff anticipated that comments 
would be received on the requirements for defense-in-depth in the proposed Part 63, because 
they represent a substantially different approach from that taken in Part 60. 

In the statement of considerations for the proposed rule, the staff noted that, in parallel with the 
rulemaking, staff was developing review gUidance in the form of a YMRP. The purpose of 
these statements was to recogniie the need to develop additional guidance on how to evaluate 
compliance with these requirements. Also noted in the proposed rule was the fact that ttie staff 
was considering a number of approaches to evaluating DOE's license application including, but 
not limited to: (1) sensitivity analyses; (2) modeling the behavior of individual barriers; (3) 
quantifying how individual barriers contribute to performance; and (4) delineating the capability 
of barriers to isolate waste. Although various approaches exist for aiding the definition of 'the 
capability of individual barriers to i~olate waste, the identification of which approach or 
combination of approaches is acceptably transparent in defining the waste isolation attributes of 
the repository system, without placing undue or non-productive burdens on DOE, is inherently 
complex. Consequently, developing a common understanding of these complex issues within a 
risk-informed, performance-based framework will require considerable deliberation and 
interaction with stakeholders. Therefore, to facilitate development of a common understanding 
on an acceptable approach(es), the staff has planned a program that includes substantial 
stakeholder involvement. 

The staffs plan focuses on developing detailed guidance for conducting its review of a geologic 
repository at Yucca Mountain in the YMRP. Interaction with the DOE, the Advisory Committee 
on Nuclear Waste (ACNW), the Office of Nuclear Reactor Regulation, the Office of Nuclear 

21t is expected that defense-in-depth for pre-closure operations would be achieved in a 
manner similar to that for other operating nuclear facilities. 
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Regulatory Research, the State of Nevada and Affected Units of Local Government, possibly
 
the Joint Advisory Committee on Reac~or Safeguards (ACRS)/ACNW Subcommittee on
 
Risk-Informed Regulation in NMSS, and other stakeholders will occur as the YMRP is
 
developed. The staff intends to include the annotated outline of the review plan when the
 
proposed final Part 63 is submitted to the Commission.
 

RESOURCES:
 

The activities described above are part of the efforts to finalize Part 63 and complete Rev. 0 of
 
the YMRP in FY1999 and beyond. Resources to accomplish these activities are included in the
 
current bUdget.
 

COORDINATION:
 

The Office of the General Counsel has reviewed this paper and has no legal objection.
 
The Office of the Chief Financial Officer has reviewed this paper for resource implications and
 
has no objection.
 

~~"Traers 
Executive Director 
for Operations ~

Attachment: As stated 
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Commissioners 
OGC 
OCAA 
OIG 
OPA 
OCA 
ACNW 
CIO 
CFO 
EDO 
REGIONS 
SECY 



STAFF APPROACH TO CLARIFYING DEFENSE-IN-DEPTH FOR THE POSSIBLE
 
GEOLOGIC REPOSITORY AT YUCCA MOUNTAIN, NEVADA
 

WHAT ARE THE UNDERLYING BASES FOR IMPLEMENTING DEFENSE-IN-DEPTH? 

•	 The Commission's "White Paper on Risk-Informed and Performance-Based Regulation," 
(issued on March 11, 1999) defined the concept of defense-in-depth as follows: 

Defense-in-depth is an element of the NRC's Safety Philosophy that employs 
successive compensatory measures to prevent accidents or mitigate damage if a 
malfunction, accident, or naturally caused event occurs at a nuclear facility. The 
defense-in-depth philosophy ensures that safety will not be wholly dependent on . 
any single element of the design, construction, maintenance, or operation of a 
nuclear facility. The net effect of incorporating defense-in-depth into design, 
construction, maintenance, and operation is that the facility or system in question 
tends to be more tolerant of failures and external challenges. 

•	 The Proposed 10 CFR Part 63: 

As reflected in the statement accompanying proposed 10 CFR Part 63, DOE will 
demonstrate that the natural barrier and the engineered barrier system will work in 
combination to enhance overall performance of the repository. 

In Part 63, a barrier is defined as any material or structure that prevents or 
substantially delays movement of water or radioactive materials. 

Requirements in Part 63 are that the U.S. Department of Energy (DOE) must: 
1) identify those design features of the engineered barrier system, and natural 
features of the geologic setting, that are considered barriers important to waste 
isolation (e.g., waste package, drip shield, ·unsaturated zone limiting moisture flux, 
and saturated zone retarding radionuclide migration); 2) describe the capability of 
these barriers to isolate waste, taking into account uncertainties in characteriZing 
and modeling the barriers; and 3) provide the technical basis for the description of 
the capability of these barriers. 

HOW WILL STAFF CLARIFY ITS EXPECTATIONS FOR DEMONSTRATING 
MULTIPLE BARRIERS? 

•	 Based on public comments, we will consider refining regulatory requirements, as 
needed, to show that multiple barriers are acceptably covered by 10 CFR Part 63 
(described under the second bullet under "Proposed 10 CFR Part 63"). However, the 
goal of avoiding imposition of numerical subsystem performance objectives will be 
maintained. 

•	 We will describe an acceptable approach(es) for demonstrating the capabilities of 
multiple barriers to isolate waste in the Yucca Mountain Review Plan (YMRP). Specific 

Attachment 
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quantitative approaches that will be considered include, but are not limited to: sensitivity 
~nalyses, importance analysis, and presentation of intermediate modeling results (e.g., 
model results that are calculated in support of dose estimates such as waste 
package lifetime). 

WHEN AND HOW WILL CLARIFICATIONS BE MADE AVAILABLE TO STAKEHOLDERS? 

•	 We have presented information on the defense-in-depth regulatory requirements in Part 
63 at the DOE/U.S. Nuclear Regulatory Commission (NRC) Technical Exchange (public 
meeting) on May 26, 1999. The DOE is currently working on approaches to meeting the 
multiple barriers requirements in Part 63 and presented some of their ideas at the 
technical exchange. 

•	 We will coordinate with the Advisory Committee on Nuclear Waste (ACNW) on this 
topic, as we did in briefing the Committee in June of this year on this plan. We will also 
coordinate with the Offices of Nuclear Reactor Regulation and Nuclear Regulatory 
Research, and the Joint ACRS/ACNW Subcommittee on Risk-Informed Regulation in 
NMSS. 

•	 We will hold a public meeting in Las Vegas. In the meeting, we will further clarify the 
requirements .of Part 63 by: 1) discussing our proposed resolution of public comments 
on defense-in-depth; and 2) presenting example calculations that demonstrate the 
effectiveness of multiple barriers. 

•	 Based on these interactions, we will finalize guidance in Rev. 0 of the YMRP, due to be 
completed in March 2000. 

WHAT IS THE SCHEDULE OF PLANNED ACTIVITIES FOR CLARIFYING REPOSITORY 
DEFENSE-IN-DEPTH? 

Activity Completion Date Purpose 

1. DOE/NRC Total 
System Performance 
Assessment Technical 
Exchange at the Center 
for Nuclear Waste 
Regulatory Analyses 

May 25 - 27, 1999 Preliminary discussion with DOE on 
the proposed regUlatory requirements 
for multiple barriers (other 
stakeholders present as observers) 

2. Concept Paper on· 
Defense-in-Depth (this 
Commission Paper) 

July 2,1999 To present the staff's plan for the 
repository defense-in-depth concept 
as proposed in Part 63 (in response 
to the SRM dated April 12, 1999) 

2
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I Activity 

3. Presentation to the 
ACNW 

4. Interactions with the 
Office of Nuclear Reactor 
Regulation, Office of 
Nuclear Regulatory 
Research, and possibly 
Joint ACRS/ACNW 
Subcommittee on Risk-
Informed Regulation 

5. Meetings with DOE and 
Public Meetings on 
Repository Defense-in-
Depth in Nevada 

6. Total System 
Performance Assessment 
and Integration Issue 
Resolution Status Report 

7. Presentation to ACNW 

8. Draft final 10 CFR Part 
63 to Commission along 
with Annotated Outline 
ofYMRP 

9. Public meetings in 
Nevada after finalizing 
Part 63 

10. Interactions with DOE 

I Completion Date 

June 28 - 30, 1999 

JUly/August 1999 

August/September 
1999 

September 30, 1999 

September (after 
public comment period 
is over, but before Part 
63 is finalized) 

November 30, 1999 

January 2000 

January 2000 

I Purpose 

To brief the ACNW on the staff's 
proposed plan for clarifying the 
acceptance criteria and review plans 
for the license application 

To ensure an appropriately consistent 
approach for risk-informed and 
performance-based requirements 

To solicit comments on the staff's 
approach to repository defense-in
depth; to present possible 
technical approaches 

To provide preliminary draft guidance 
on possible technical approaches to 
demonstrate repository design meets 
applicable regulatory requirements. 
This guidance will become part of the 
Yucca Mountain Review Plan (YMRP) 
or be referenced by the YMRP. 

To brief the ACNW on staff's 
proposed positions and strategies on 
addressing public comments and on 
the annotated outline of. the YMRP 

To finalize the rule and summarize 
the approach to defense-in-depth in 
the YMRP 

To present and clarify the final Part 
63 and the YMRP, including the 
requirements for repository defense
in-depth 

To present and clarify the final Part 
63 and the YMRP, including 
requirements for repository defense
in-depth 

I 
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I Activity I Completion Date I Purpose I 
11. YMRP Rev. 0 To the Commission To submit to the Commission a risk
(postclosure only) March 31, 2000 informed performance-based YMRP 

which includes technical guidance 
and acceptance criteria for 
conducting the review 

12. Future Revisions September 30, 2000; To update the YMRP on an annual 
ofYMRP September 30, 2001 basis; The last revision would be 

published 5 months before the 
current expected Yucca Mountain 
License Application submission date 
(March 1, 2002). 

....
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MEMORANDUM TO: 

FROM: 

William D. Travers 
Executive Director for operation7"'\ .

Annette Vietti-Cook, Secretary ~0i~-~ 
SUBJECT: STAFF REQUIREMENTS - SECY-99-191 - MODIFICATIONS 

TO THE SAFETY GOAL POLICY STATEMENT 

The Commission has disapproved 'the staff's recommendation to proceed with a study of the 
feasibility of developing overarching safety principles as being premature in light of the ongoing 
efforts to transition to more risk-informed regulation. This effort should be delayed until 
experience is gained from the current changes to our regUlatory structure so that we can build 
on a robust foundation. This approach should build on our experience with operational safety, 
deterministic analysis, and risk-informed methods. Instead of using a top-down approach to 
develop the overarching safety principles and define adequate protection, we should use a 
bottom-up approach. This guidance is not meant to supercede previous Commission guidance 
associated withSECY-99-100. However, in implementing this guidance, should the· staff identify· 
areas where this guidance cannot be reconciled with preVious Commission guidance on 
SECY-99-100. the staff should forward the issue to the Commission for resolution. The staff 
should work to bolster and clarify how it makes its findings of reasonable assurance and should 
enhance and verify the bases and premises for its determinations as new methodologies and 
technology permit. This process should not only improve the Commission's specific findings 
but, lead to a more refined description of the meaning of "reasonable assurance" of adequate 
protection. 

The staff should still provide a recommendation to the Commission on whether to modify the 
current Safety Goal Policy Statement. 

(EDO) (SECY Suspense: 3/30/2000) 
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POLICY ISSUE 
(Notation Vote) 

SECY-99-191 

FOR: The Commissioners 

FROM: William D. Travers 
Executive Director for Operations 

SUBJECT: MODIFICATIONS TO THE SAFETY GOAL POLICY STATEMENT 

PURPOSE: 

To inform the Commission of staff progress in developing recommendations regarding possible 
modifications of the reactor Safety Goal Policy Statement in response to the Commission's 
Staff Requirements Memoranda on SECY-97-208 (October 16,1997) and on SECY-98-101 
(June 30,1998). We also propose beginning a feasibility study of the development of 
overarching safety principles for the agency. 

BACKGROUND: 

As discussed in SECY-98-101, the Commission's Safety Goal Policy Statement, issued in 1986, 
should be modified to make the statement consistent with current practices as stated in 
Regulatory Guide 1.174, "An Approach for Using Probabilistic Risk Assessment in Risk
Informed Decisions on Plant-Specific Changes to the Licensing Basis," to reflect Commission 
guidance received since the 1986 Policy Statement was issued, and to clarify the role of safety 
goals in NRC's regulatory process. ' 

By a Staff Requirements Memorandum dated June 30, 1998, the Commission approved the 
staff's plans and cautioned that "The revised policy statement should remain a high-level 
document describing the principles consistent with the Commission's views on 'how safe is safe 
enough.' The staff should be mindful that the revised Safety Goal Policy Statement needs to be 
consistent with the PRA Policy Statement, and should not include too many quantitative 
guidelines which would make the Safety Goal Policy Statement overly prescriptive." 

Contact: 
Joseph A. Murphy, RES 
301-415-5670 
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DISCUSSION: 

1.0 Reactor Safety Goal Policy 

The staff is proceeding with the review of the eleven issues identified in SECY-98-101 and 
in March 2000 will recommend to the Commission whether or not to modify the current Safety 
Goal Policy Statement. This delay will provide time for coordination with a study on the 
development of overarching safety principles (discussed later in this paper), permit integration 
with the other ongoing risk-informed initiatives, and provide for stakeholder, ACRS and CRGR 
feedback. The NRC Steering Committee for Risk-Informed Activities has reviewed the 
concepts and recommendations contained in this paper and their gUidance has been 
incorporated into the paper. As work proceeds on the Safety Goal Policy issues, the 
overarching safety principles, as well as the other items in the PRA Implementation Plan, the 
Steering Committee will continue to review and provide integrated gUidance on these activities. 
The status of our evaluation of each of the issues is provided below. Two of the eleven issues 
(definition of adequate protection and consideration of defense in depth) have been combined 
in the discussion which follows. 

Plant Specific Usage of Safety Goals 

The present Policy Statement restricts the use of the safety goals to generic applications. We 
intend to recommend amending the Safety Goal Policy Statement, consistent with Commission 
guidance on Regulatory .Guide 1.174, "An Approach for Using Probabilistic Risk Assessment in 
Risk-Informed Decisions on Plant-Specific Changes to the Licensing Basis" to indicate that 
safety goals can be considered as part of a risk-informed evaluation of individual reactor 
regulatory actions, in addition to consideration in generic agency actions, subject"to the 
adequacy of the underlying probabilistic risk analysis. This will make the Policy Statement 
consistent with existing guidance. The five general principles on the use of risk information in 
making regulatory changes, stated in Regulatory Guide 1.174, may be appropriate for inclusion 
into the Safety Goal Policy to provide guidance for such plant-specific use. 

SUbsidiary Objectives Including Elevation of Core Damage Frequency as Fundamental Goal 

Considering the uncertainties associated with predicting severe accidents, the staff believes 
that additional emphasis shouldbe'placed on accident prevention in the Policy Statement. This 
should be done in a qualitative fashion so that it is clear that accident prevention should receive 
priority over mitigation. However, a quantitative accident prevention goal does not appear 
necessary, since it is currently adequately covered by the existing subsidiary objective for core 
damage 'frequency (CDF) and related regulatory guidance documents, such as RegUlatory 
Guide 1.174, and in the Regulatory Analysis Guidelines (NUREG/BR-0058). It may be 
reasonable, however, to include in the Policy Statement a discussion of the subsidiary 
objectives (CDF and large early release frequency, LERF) as well as any additional subsidiary 
objectives that may result from further study (e.g., temporary changes in risk). 

We will include a discussion of the pros and cons associated with elevation of the core damage 
frequency to the level of a fundamental goal in our final paper. 
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Treatment of Uncertainty 

The eXisting Safety Goals consider uncertainties implicitly by setting the goals in terms of 
the mean of the probability distribution for the qualitative health objectives (QHOs). Guidance is 
provided in Regulatory Guide 1.174 on the importance of consideration of not only parameter 
uncertainty, but also model uncertainty and completeness uncertainty in risk-informed 
decisions. Guidance is also being developed by international bodies. We believe it would be 
desirable to amend the Safety Goal Policy Statement to make clear that all types of uncertainty 
must be considered when making a safety decision. 

Use of Safety Goals to Define "How safe is safe enough" 

The guidance provided to the staff in the June 15, 1990, SRM on safety goals articulates that it 
is the intent of the Safety Goal Policy Statement to define "how safe is safe enough." The SRM 
guidance should be incorporated into the Policy Statement. 

Definition of Adequate Protection and Defense-in-Depth 

Several stakeholders have called for a definition of "adequate protection." For example, the 
Center for Strategic and International Studies in their draft report on "Nuclear Regulatory 
Process Review," noted the importance of a clear definition of adequate protection and a 
consistent application of safety requirements. The concept of adequate protection has multiple 
attributes and both legal and technical considerations~ Therefore, it is not clear if the reactor 
Safety Goal Policy is the correct vehicle for exploring this issue. For example, it may be more 
appropriate to address this issue as part ofa broader set of safety principles as discussed later 
in this paper. . 

As stated in its June 15, 1990, SRM the Commission did not consider it necessary to create a 
generic definition of adequate protection. However, use of a three-tiered regulatory philo~ophy 

(a region where adequate protection is required regardless of cost, a region where cost
beneficial actions are considered provided they pass the Backfit Rule, and a region below the 
safety goals where additional requirements would not be justified) could benefit from a definition 
of adequate protection. 

As an alternative to "defining" adequate protection, there may be benefit in defining a "zone 
of presumptive adequate protection," as an extension of the "presumptive" approach to 
adequate protection for the current set of deterministic regulations as articulated in Maine 
Yankee, ALAB-161, 6 AEC 1003 (1973). Under this approach, qualitative and/or quantitative 
elements and threshold values would be identified which, if met, would be regarded as 
presumptively providing adequate protection. However, failure to meet the threshold values 
would not mll se be regarded as a failure to provide adequate protection. Rather, the failure to 
meet the threshold values would require more detailed consideration of relevant factors, 
including risk, to determine whether adequate protection would be provided. 
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If it is decided to pursue a definition of adequate protection, defense in depth will be defined 
and placed in context in the regulatory framework as part of that discussion. If not, it will be 
considered separately in formulating recommended changes to the Policy Statement. The Staff 
will also determine the feasibility of establishing a concept of adequate protection for non-power 
facilities and materials users. This will likely pose the same issues that were identified in 
SECY-99-100 with respect to establishing a safety goal (or goals) for materials users. 

Societal Risk 

Societal risk is currently addressed through a qualitative statement and a QHO on latent cancer 
fatalities. Comparisons to the QHO are calculated based on the individual risk of latent cancer 
fatality, averaged over 10 miles. This averaging process, expressed in terms of average 
individual risk, does not explicitly limit societal risk. However, since new rule chal1ges are 
subjected to backfit analysis using the regulatory analysis guidelines, societal risk (in 
person-rem) is explicitly considered when determining if the cost of safety improvements is 
commensurate with societal risk averted. Therefore, the policy statement should be expanded 
to acknowledge this approach in implementing the existing qualitative societal risk goal, but 
additional quantitative goals are not necessary. 

Land Contamination 

The Commission's Strategic Plan calls for protection of the environment in a manner that is 
responsive to environmental concerns and is consistent with the Commission's responsibility for. 
protecting the radiological health and safety of the public. Risk analyses indicate that, in case 
of a severe accident involving large off-site releases, most of the population dose associated 
with the latent cancer fatalities (or cancer incidence) comes from ground shine and ingestion 
dose, rather than from a cloud inhalation dose. The magnitude of this dose, thus, is strongly 
affected by protective measures employed after an accident. However, decisions associated 
with recommending land interdiction following an accident are directly dependent on protective 
action guidelines and actions taken by others (e.g., States, EPA). Given these concerns, we 
are evaluating the pros and cons associated with a separate goal in this area. Such a goal 
would need to consider the differences between land interdiction following an accident and the 
criteria in the License Termination Rule. We note that in the recent revision to Part 100, the 
Low Population Zone distance was evaluated to ensure it was sufficient to keep the likelihood of 
contaminating a large population center, such that it .is uninhabitable, at a very low value. Thus, 
land contamination has, to some extent, been considered in developing the sitil1g regulations. 

Temporary Changes in Risk 

We believe that the Safety Goal Policy should address in general terms the Commission's 
policy regarding temporary changes in risk as a result of equipment failures, maintenance 
activities, and human actions. We are evaluating the pros and cons of various approaches. 
It may be appropriate to consider the impact of temporary changes on defense in depth. This 
evaluation is beil1g coordinated with the treatment of configuration control in the pending 
amendments to the Maintenance Rule. 
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Update Policy Statement To Reflect Recent Guidance and Current Use of Risk Information 

The policy statement will be updated to reflect the use of a risk-informed approach to implement 
regulatory requirements. 

General Performance Guideline for Frequency of a Large Release of Radioactive Material 

SECY-93-138 concluded that a guideline of 1 x 10.6 for the frequency of a large release of 
radioactive material could not be developed without being significantly more restrictive than the 
QHOs and recommended that work on such a guideline be terminated. Consistent with the 
related SRM, dated June 10, 1993, which approved that termination, statements in the policy 
statement on the frequency of a large release of 1 x 10.6 per year will be deleted. 

2.0 Overarching Safety Principles 

Several factors have emerged over the past year that suggest consideration should be given to 
developing a high level "safety policy" that would describe those overarching safety principles 
that apply to all agency safety activities. These factors include the following: 

•	 The criticism received in the context of our Congressional hearings in July 1998, 
regarding the lack of consistency and transparency in our safety decisions, 

•	 Similar feedback received in reviews by the General Accounting Office in their 
reports on "Major Management Challenges and Program Risks - Nuclear 
Regulatory Commission" (GAOIOCG-99-19) and "Strategy Needed to Regulate 
Safety Using Information on Risk" (GAO/RCED-99-95) and the Center for 
Strategic and International Studies in their draft report on "Nuclear Regulatory 
Process Review," 

•	 The fact that many of the issues discussed in SECY-98-101 are agency- wide 
issues, not just reactor issues, and should be addressed in an overall agency 
context. These include the following issues: 

•	 Role and use of an adequate protection definition and safety goals to 
express a basic safety philosophy, 

•	 Plant specific usage of safety goals, 

•	 Treatment of uncertainty, 

•	 Appropriate application of defense in depth, and 

•	 Use of risk-informed and performance based regulation. 
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•	 The submission of SECY-99-100, which recommends actions to risk-inform 
NMSS activities and the Commission's response in a June 28, 1999, SRM. 
Implementation of the direction provided in the June 28, 1999, SRM, would 
benefit from articulation of these overarching safety principles. Further, the 
development of these principles will benefit from NMSS input by helping to 
assure that there is an appropriate level of generality. 

These principles could be qualitative and would address items such as: 

•	 Qualitative goals for public, worker, and environmental protection, 

•	 Description of the approach to regulation and a statement that changes to rules 
and regulations will be made consistent with Regulatory Analysis Guidelines. 
The consideration of the cost-benefit relationship will be made in context of the 
various activities regulated, 

•	 Role and defin"ition of adequate protection, 

•	 The role and definition of risk-informed and performance-based requirements, 
expanding on the guidance given in the Commission's White Paper, 

•	 Role and definition of defense in depth, recognizing the insights in the White 
Paper, in comments from ACRS in this regard, and expanding on the discussion 
in the Strategic Plan, . 

•	 Other considerations such as treatment of uncertainty, population at risk, 
temporary risk increases, and the different time scale of risk considerations 
between reactor considerations and those associated with high level waste, and 

•	 The need for consistency and integration among these principles and other NRC 
regulatory principles such as the Severe Accident Policy Statement, Regulatory 
Analysis Guidelines, and the Backfit Rule. 

Attachment 1 illustrates, in concept, examples of the types of principles that we might explore in 
this high level policy. We are proposing a small feasibility study to explore the viability of 
developing such principles. 

The objective of developing a set of integrated high level safety principles is to document in a 
hierarchical fashion those high level objectives, goals, and practices that shape regulatory 
requirements and decision-making and ensure compliance with the Atomic Energy Act. Their 
development will require substantial stakeholder involvement. However, once developed, they 
will help promote regulatory stability, consistency, and public confidence by consolidating and 
clearly stating the Commission's philosophy and approach to safety and regulatory actions. 
These principles should also provide the pUblic with a better understanding of how NRC's 
regulatory actions are developed and what our regulatory actions are trying to achieve, thus 
facilitating communication with our stakeholders and enhancing public confidence. These 
principles will also provide the NRC staff with the framework to develop and take regulatory 
actions and facilitate the move to risk-informed regulation by providing a foundation for making 
risk-informed decisions with respect to the scope of and objectives for regulation. Ultimately, 
such high level principles would facilitate and could be included in an overall agency strategy to 
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risk-inform its activities, as proposed by GAO in its report, GAO/RCED- 99-95, and discussed in 
the Chairman's response to GAO. They could also become part of the Agency's Strategic Plan. 
However, it should be recognized that principles are not enforceable, and our ability to apply 
them to the regulatory process may involve the need for rulemaking. 

COORDINATION: 

The Office of the General Counsel has reviewed this paper and has no legal objection. The 
Office of the Chief Financial Officer has reviewed this Commission paper for resource 
implications and has no objections. The Office of the Chief Information Officer has reviewed 
the Commission Paper for information technology and information management implications 
and concurs in it. The NRC Steering Committee for Risk-Informed Activities has reviewed the 
concepts and recommendations contained in this paper and their guidance has been 
incorporated into the paper. As work proceeds on the Safety Goal Policy issues and the 
overarching safety principles, the Steering Committee will continue to review and provide 
guidance on these activities. 

RESOURCES: 

The staff proposes a small effort, in parallel with continuing evaluation of the reactor Safety 
Goal issues, to draft a set of high level safety principles. This effort would build upon and 
complement the work on the reactor Safety Goal issues by helping to ensure that these issues 
are addressed in an agency-wide fashion. This effort would also involve obtaining feedback 
from stakeholders and additional interaction with ACRS and ACNW. A report to the 
Commission on the feasibility and usefulness of continuing this effort would be prepared and 
provided to the Commission after the preliminary work is completed. This approach is 
consistent with feedback received from ACRS in their letter of April 19, 1999. It is estimated 
that this effort to evaluate feasibility would take approximately 9 months and would be done with 
in-house resources (1-2 FTE combined from RES, NMSS, OGG and NRR) that would be 
reprogrammed from other lower priority work (NMSS resources are discussed in .. 
SECY-99-100). 

RECOMMENDATION: 

1.	 That the Commission authorize the staff to proceed with a study of the feasibility of 
developing overarching safety principles, 

2.	 That the Commission note that a recommendation will be provided by March 30, 2000, 
regarding the need to modify the current Safety Goal Policy Statement. This represents 
a delay of eight months from that previously reported, but is necessary recognizing the 
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complexity of the issues involved, the need to ensure coordination and consistency with 
the feasibility study on overarching safety principles and with those risk-informed 
initiatives already underway under the PRA Implementation Plan, and the need for 
stakeholder, ACRS and CRGR review. 

bi~::-
Executive Director· 

for Operations 

Attachment: 
1. Conceptual Outline for Proposed
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ATTACHMENT :1
 

Conceptual Outline for Proposed High Level Safety Principles 

(The concepts presented here are provisional and are subject to review as the staff develops 
these safety principles.) 

• OBJECTIVE: 

To document in a hierarchical fashion those high level objectives, principles, and 
practices that shape regulatory requirements and decision-making and ensure 
compliance with the Atomic Energy Act. Such high level principles will help promote 
regulatory stability, consistency, and pUblic confidence by consolidating and clearly 
stating the Commission's philosophy and approach to safety and regulatory actions. 
This will provide the public with a better understanding of how NRC's regulatory actions 
are developed and what they are trying to achieve, as well as provide the NRC staff with 
the framework to develop and take those actions. It will also facilitate the move to risk
informed regulation by providing a foundation for making risk-informed decisions with 
respect to the scope of and objectives for regulation. Rule changes associated with 
later implementation of the principles would be subject to the Backfit Rule and evaluated 
using the Regulatory Analysis Guidelines, as appropriate. 

• SCOPE: 

High level principles and practices that apply to all NRC activities (reactor and non
reactor), including normal and off-normal operation. 

• PRINCIPLES AND PRACTICES THAT APPLY TO ALL NRC ACTIVITIES 

A. Qualitative Goals for Public. Worker. and Environmental Protection 

Individual members of the public should be provided a level of protection from 
the use of radioactive material such that individuals bear no significant additional 
risk to life and health. l 

Individual workers who are exposed to radiation or handle radioactive materials 
as part of their occupation should be provided a level of protection from the 
consequences of such exposures commensurate with the risks to life and health1 

and the cost of preventing such exposure. Adequate protection should be 
provided regardless of costs, with further reductions in exposures in accordance 
with an ALARA (as low as reasonably achievable) principle. 

Societal risk to life and health from the use of radioactive materials should be 
comparable to or less than the risks from other similar activities and should not 
be a significant addition to other societal risks. 

lUfe and health refers to early and latent fatalities 
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B. Regulatory Approach To Meet Public. Worker Protection Goals 

A level of protection (safety) provided to the public and workers should be 
established such that a sufficient level is provided without regard to cost 
(adequate protection2) and additional protection is provided where the benefits of 
such protection outweigh the costs (cost-beneficial) and result in a sUbstantial 
improvement in protection. Risk to workers should be comparable to or lower 
than the risk to workers in comparable industries. 

Safety decisions and regulatory actions must be commensurate with the levels of 
protection achieved in the design and operation of regulated activities. In 
general, regulated activities will 'not take place unless adequate protection is 
achieved and will comply with all cost-beneficial requirements unless special 
circumstances permit an exception to the cost-beneficial requirements. 

C. Implementation of Regulatory Approach 

Wherever practical, regulatory requirements will be risk-informed and 
performance-based.3 

Regulatory requirements are to provide a balance between prevention and 
mitigation, as appropriate. 

Regulatory requirements will address uncertainties by application of sound 
'principles. These may include considerations such as defense in depth,4 safety 
margins, and the use of appropriate codes and standards, depending on the 
nature of the issue at hand. 

Consideration will be given to the ICRP Principles oJ Radiation Protection. 

Regulatory requirements will address long term(high level waste) as well as short 
term (temporary conditions) risks. 

Regulatory requirements will reflect due consideration of the population at risk, 
the time scale of the regulated activity, and the various modes of operation of the 
regulated activity. 

Regulatory requirements will consider accident initiators caused by equipment 
error, human error, and natural hazards. 

2A definition of adequate protection will be needed. 

3Use definitions from Risk Informed Performance Based white paper (Yellow 
Announcement-019, dated 3/11/99). 

4A definition of defense in depth will be needed. 



RULEMAKING ISSUE
 
(Notation Vote) 

October 29. 1999 SECY-99-256 

FOR:	 The Commissioners 

FROM:	 William D. Travers 
Executive Director for Operations 

SUBJECT:	 RULEMAKING PLAN FOR RISK-INFORMING SPECIAL TREATMENT 
REQUIREMENTS 

PURPOSE: 

To obtain the Commission's approval of a rulemaking plan and issuance of an Advance Notice 
of Proposed Rulemaking for risk-informing special treatment requirements. 

SUMMARY: 

The staff has prepared a rulemaking plan (Attachment 1) that describes an alternative risk
informed approach to special treatment requirements. 1 These alternative requirements would 
vary the treatment applied to structures, systems, and components (SSCs) on the basis of their 
safety significance using a risk-informed categorization method. SSCs that are safety significant 
would be subject to greater regulatory control than SSCs. of low safety significance. This 

CONTACT: 
Thomas A. Bergman, NRR 
301-415-1021 

1Special treatment requirements are current reqUirements imposed on structures, 
systems, and components that go beyond industry-established requirements for equipment 
classified as commercial grade that provide additional confidence that the equipment is capable 
of meeting its functional requirements under design basis conditions. These additional special 
treatment requirements include additional design considerations, qualification, change control, 
documentation, reporting, maintenance, testing, surveillance, and quality assurance 
requirements. 
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approach differs from the current special treatment requirements, which are based on those 
SSCs that are determined to be safety-related or important to safety based on 
deterministic considerations. This alternative approach would maintain safety while reducing 
unnecessary regulatory burden to licensee's and improving the staff's regulatory effectiveness 
and efficiency. The rulemaking plan implements the approach described under Option 2 in 
SECY-98-300, "Options for Risk-Informed Revisions to 10 CFR Part 50 - 'Domestic Licensing of 
Production and Utilization Facilities,'''- dated December 23, 1998. 

Four issues that represent significant challenges to completing this rulemaking have been 
identified: (1) selective implementation (discussed in SECY-98-300), (2) potential impact of 
these rule changes on other rules (e.g., 10 CFR Part 19,10 CFR 50.120,10 CFR Part 54,10 
CFR Part 55), (3) the type and amount of staff review required before licensees can implement 
the alternative requirements, and (4) the level of regulatory treatment required for SSCs based 
on their safety-significance. 

The rulemaking plan includes six major efforts: (1) review of the South Texas Project (STP) 
exemption request;2 (2) issuance of an advanced notice of proposed rulemaking (ANPR, 
Attachment 2); (3) a categorization pilot program; (4) review of a Nuclear Energy Institute (NEI) 
guideline on SSC categorization; (5) issuance of a proposed rulemaking; and (6) issuance of a 
final rUlemaking. Some of these efforts are ongoing. 

If Commission approval of the rulemaking plan is granted within 6 weeks of the date of this 
Commission paper, the staff estimates that the final rule can be submitted to the Commission for 
approval in October 2001. Licensee implementation could then begin in March 2002. Execution 
of the rulemaking plan is estimated to require 47 full-time equivalent (FTE) staff, and $3.0 million 
of technical assistance over FY 2000, 2001 , and 2002. 

BACKGROUND: 

In SECY-98-300, the staff presented three options for risk-informed modifications of 10 CFR 
Part 50: (1) continue ongoing rulemaking activities and risk-informed approaches making no 
changes to the current Part 50; (2) change the special treatment rules in Part 50 to modify their 
scopes to be risk informed; and (3) make changes to specific requirements in the body of 
regulations, including general design criteria (GOC). 

Under Option 2 of SECY-98-300, it was recommended that risk-informed approaches to the 
application of special treatment requirements be developed. This option of SECY-98-300 only 
addressed implementing changes to the regulatory scope for SSCs needing special treatment in 
terms of providing assurance that the SSCs will perform their functions. It did not address 
changing the design of the plant or the design basis accidents, which establish the physical 
complement of plant systems included in the design. SECY-98-300 indicated that safety related 
SSCs that are of low safety significance would move from special treatment to normal industrial 
(sometimes called commercial grade) treatment. They would, however, remain in the plant and 

2STP has requested an exemption to a subset of the special treatment requirements 
included in the rulemaking plan to allow use of a risk-informed approach similar to that 
proposed in this rulemaking plan. This exemption request was submitted to the NRC on 
July13,1999. 
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be expected to perform their design function, although without the additional margin, assurance, 
or documentation required for current safety-related SSCs. Conversely, SSCs that are currently 
not safety-related but that are determined to be safety significant would move from normal 
industrial to regulatory treatment. The staff recommended proceeding with Option 2. 

The staff also addressed three policy issues related to Option 2 in SECY-98-300: (1) voluntary 
versus mandatory conformance with the modified Part 50, (2) use of industry pilot studies with 
selected exemptions to facilitate implementation of Options 2 and 3, and (3) modification of the 
scope of the maintenance rule. 

With respect to Option 2, in the staff requirements memorandum (SRM) for SECY-98-300 dated 
June 8, 1999, the Commission approved (1) implementing Option 2, including incorporation of 
the maintenance rule into Option 2; (2) voluntary implementation of the risk-informed altemative 
requirements, but deferred judgment on the issue of selective implementation; and (3) use of 
industry pilot studies. 

The staff's rulemaking plan for implementing Option 2 is summarized below. The staff's effort 
regarding Option 3 of SECY-98-300 will be provided in another Commission paper. The two 
regulatory efforts are being coordinated and it is expected that the Option 3 effort will be able to 
build upon the framework discussed below. 

DISCUSSION: 

In response to the June 8, 1999 SRM, this paper provides a rulemaking plan as one of the 
following three attachments: 

Attachment 1 is the rulemaking plan.
 
Attachment 2 is the ANPR.
 
Attachment 3 is the methodology and criteria for selecting candidate rules.
 

In the course of preparing the rulemaking plan, the staff (1) developed guiding principles in the 
form of a mission statement; (2) developed a general scheme to categorize SSCs and vary their 
treatment by overlaying a risk-informed approach onto the current deterministic framework; (3) 
identified the preferred rulemaking approach; (4) identified the rules to be considered for 
inclusion in the rulemaking; (5) developed an ANPR; (6) established the framework for an 
acceptable categorization pilot program; and (7) identified policy and implementation issues that 
present significant challenges to completing the rulemaking. The results of these efforts are 
summarized below and discussed in more detail in the attachments. 

Mission Statement 

The mission statement is described in Section 1.2 of the rulemaking plan (Attachment 1). The 
mission statement provides the strategies and objectives for the effort. Its purpose is to provide 
overall guidance in determining what issues and approaches are appropriate and it contains 
measures for determining whether the rulemaking effort is successful. 
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General Scheme for Categorization and Treatment 

The purpose of this rulemaking is to develop an alternative regulatory framework that enables 
licensees, using a risk-informed process for categorizing SSCs according to their safety 
significance (Le., a decision that considers both traditional deterministic insights and risk 
insights), to reduce unnecessary regulatory burden for SSCs of low safety significance by 
removing these SSCs from the scope of special treatment requirements. In the process, both 
the NRC staff and industry should be able to better focus their resources on regulatory issues of 
greater safety significance. This framework should improve regulatory effectiveness and 
efficiency, and contribute to enhanced plant safety. To accomplish this goal, it is necessary to 
amend the governing regulations. The current regulations use terms such as "safety-related," 
"important to safety," and "basic component" to identify the groups of SSCs and associated 
activities that require "special treatment." This rulemaking will build into the regulations an 
alternative that offers licensees the flexibility of utiliZing a risk-informed process to evaluate the 
need for special treatment. This risk-informed process will ensure that risk insights will be used 
in a manner that complements the NRC's traditional deterministic approach. The risk-informed 
approach will be consistent with the defense-in-depth philosophy, will maintain sufficient safety 
margins, will ensure that any increase in core damage frequency or risk is small and consistent 
with the safety goal policy statement, and will include a performance measurement strategy. 
The risk-informed framework will also be aligned to the NRC Reactor Inspection Oversight 
process by incorporating the cornerstones from the reactor safety and radiation protection safety 
areas into the SSC categorization process. 

A graphical depiction of the changes that are expected to result from a risk-informed re
categorization of SSCs is illustrated in Figure 1. The figure is only intended to provide a 
conceptual understanding of the new SSC categorization process. The staff's thinking is 
continuing to evolve on this matter and as suggested in the Advisory Committee on Reactor 
Safeguards (ACRS) letter of October 12, 1999, the staff will explore whether more than two 
levels of safety significance is a better approach. The staff is requesting stakeholder feedback 
regarding safety significance categories in question C.3 of the ANPR. The figure depicts the 
current safety-related versus nonsafety-related SSC categorization scheme with an overlay of 
the new risk-informed categorization. The risk-informed categorization would group SSCs into 
one of the four boxes in Figure 1. 

Box 1 of Figure 1 contains safety-related SSCs that a risk-informed categorization process 
concludes are significant contributors to plant safety.. These SSCs are termed risk-informed 
safety class 1 (RISC-1) SSCs. SSCs in this box would continue to be subject to the current 
special treatment requirements. In addition, it is possible that some of these SSCs may have 
additional requirements concerning reliability and availability, if attributes which cause an SSC to 
be safety significant are not sufficiently controlled by current special treatment requirements. 
However, the staff is not currently aware of any examples of this situation. 

Box 2 depicts the SSCs that are nonsafety-related, and that the risk-informed categorization 
concludes make a significant contribution to plant safety. These SSCs are termed RISC-2 
SSCs. Examples of RISC-2 SSCs could include the station blackout emergency diesel, startup 
feedwater pumps, or SSCs that function for pressurized water reactor (PWR) "feed and bleed" 
capability. For RISC-2 SSCs, there will probably need to be requirements to maintain the 
reliability and availability of the SSCs consistent with the probabilistic risk assessment (PRA). 
As discussed below, it is currently envisioned that 10 CFR 50.69 (Le., the new rule) would 
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Figure 1: Diagram of Categorization and Treatment 

-
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Safety Significant 
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50.69 Requirements 

3 "RISC..3" SSCs 
r--

Safety..Related 
Low Safety Significant 

50.69 Requirements to 
Maintain FIDJCtions 

4 Out of Scope SSCs 
,....-

Nonsafety..Related 
Low Safety Significant 

contain the regulatory treatment requirement for RISC-1 and RISC-2 SSCs regarding the 
reliability and availability of these SSCs. 

Box 3 depicts the currently safety-related SSCs that a risk-informed categorization process 
determines are not significant contributors to plant safety. These SSCs are termed RISC-3 
SSCs. The rulemaking would revise Part 50 to contain alternative requirements (per §50.69) 
such that RISC-3 SSCs would no longer be subject to the current special treatment 
requirements. For RISC-3 SSCs, it is not the intent of this rulemaking to allow such SSCs to be 
removed from the facility, or to have their functional capability lost. Instead, the RISC-3 SSCs 
will need to receive sufficient regulatory treatment such that these SSCs are still expected to 
meet functional requirements, albeit at a reduced level of assurance. The staff may determine 
that this level of assurance can be provided by licensee's commercial grade programs. As 
discussed below, it is currently envisioned that §50.69 would contain the regulatory treatment 
requirements for RISC-3 SSCs. 

Box 4 depicts SSCs that are nonsafety-related and continue to be categorized as not being 
significant contributors to plant safety. These SSCs are out of scope of both current special 
treatment and any future regulatory controls of §50.69. The functional performance of these 
SSCs is controlled under the licensee's commercial grade program (no change from the current 
requirements). 
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Rulemaking Approach 

As described in Section 4.1 "Selection of the Rulemaking Approach" of the rulemakil1g plan, the 
staff is recommending a rulemaking approach that would include development of a new Part 50 
rule. This rule would be supported with an appendix that utilizes new terminology as presented 
in Figure 1. The staff is recommending this approach in lieu of modifying the de'finition of 
"safety-related" and defining "important to safety" as was suggested in SECY-98-300 because if 
the current terminology is redefined to include a risk-informed part and voluntary and selective 
implementation is allowed, the meaning of "safety-related" and "important to safety" would be 
licensee and rule-specific. The staff believes that this outcome would result in confusion among 
both the staff and industry. With the use of new terminology, it would be immediately apparent 
whether a licensee was using the risk-informed alternative or the current requirement. The 
staff's proposed terminology, as previously described, is risk-informed safety class (RISC)1 , 2, 
and 3. 

The rulemaking approach includes two parts. The first part is a new rule, 10 CFR 50.69, that will 
allow the use of the new risk-informed categorization for the regulations identified within that 
rule.3 Section 50.69 will require that licensees use a method that complies with criteria in a new 
Appendix T "Categorization of SSCs Into Risk-Informed Safety Classes," or is otherwise found 
acceptable by the staff, to identify the appropriate SSCs for each risk-informed safety class. 
Section 50.69 will also provide requirements for regulatory treatment depending on the risk
informed safety class. Licensees would be allowed to use the risk-informed approach for any of 
the rules, or sets of rules as appropriate, that are identified in §50.69. The second part is a new 
10 CFR Part 50 Appendix T that provides the criteria and categorization processes to properly 
identify safety significant SSCs that require special treatment. An objective of this rulemaking is 
to attempt to establish criteria in Appendix T such that licensee's who satisfy those requirements 
will be able to implement the risk-informed alternative with little or no prior staff review of the 
categorization process. The staff will not be able to determine the feasibility of this approach 
until after both the South Texas Project (STP) exemption effort and the categorization pilot 
program are complete. 

Candidate Rules 

The staff's methodology for determining the set of rules that should be considered for 
modification includes (1) a review of the regulations to identify those that use a scope based on 
terminology such as "safety-related," "important to safety," or a similar construct; 
(2) development of criteria for establishing which rules belong in this effort; and (3) evaluation of 
the rules identified in the first step against the criteria. A fourth step, which would be 
accomplished as part of the proposed rulemaking, would be to review other regulations that do 
not have a safety-related or important-to-safety type scope to identify any requirement that may 
be affected by the modifications to the special treatment requirements. This method is 
described in detail in Attachment 3. 

3This approach assumes that identifying in §50.69 the set of regulations to which the 
risk-informed categorization can be applied will be a sufficient regulatory modification. It is 
possible that some rule-specific issues may also need to be addressed in this new rule. If these 
rule-specific issues become excessive, the staff may alternatively modify some individual rules. 
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The staff's preliminary assessment using this method identified the following rules for 
consideratioR in this rulemaking (bold means the rule was discussed as an example of a special 
treatment rule in SECY-98-300): . 

50.34, Contents of applications; technical information (FSAR) 
50.36, Technical specifications 
50.44, Combustible gas control 
50.48, Fire protection 
50.49, Environmental qualification 
50.54(a)(3), Conditions of licenses (in reference to Quality Assurance Programs only) 
50.55, Conditions of construction permits 
50.55a, Codes and standards 
50.59, Changes, tests and experiments4 

50.65, Monitoring effectiveness of maintenance 
50.71 (e), Maintenance of records, making of reports
 
50.72/50.73, Reporting
 
Appendix A, General Oesign Criteria
 

GOC 1, Quality standards and records 
GOC 2, Oesign bases for protection against natural phenomena 
GOC 3, Fire protection 
GOC 4, Environmental and dynamic effects design bases 
GOC 37, Testing of emergency core cooling system 
GOC 40, Testing of containment heat removal system 
GOC 42, Inspection of containment atmosphere cleanup systems 
GOC 43, Testing of containment atmosphere cleanup systems 
GOC 45, Inspection of cooling water system 
GOC 46, Testing of cooling water system 

Appendix B, Quality Assurance
 
Appendix J, Containment leakage
 
Appendix R, Fire Protection
 
Appendix S, Seismic
 
Part 21, Reporting of defects and noncompliance
 
Part 52, Advanced Reactors
 
Part 54, License Renewal
 
Part 100, Appendix A, Seismic
 

Advanced Notice 0" Proposed Rulemaking 

The ANPR (Attachment 2) provides a description of, and requests that the public comment on: 
(1) the alternative new terminology and proposed criteria (the proposed Appendix T); (2) the 
staff's proposed approach for modifying the special treatment requirements; (3) the staff's 
expectations with respect to conduct of the pilot program; (4) the staff's proposed activities and 

4Although §50.59 is considered a special treatment requirement, the change to §50.59 is 
proposed to be limited to obviating the need for an evaluation of the change in special 
treatment for a safety-related SSC that is of low safety significance (see rulemaking plan 
Section 4.3). 



-8

schedules for completion; and (5) certain policy and implementation issues. The staff believes 
that the ANPR provides the following benefits: 

1.	 It is consistent with the strategy in the mission statement to use processes that maximize 
the opportunity for public participation. The ANPR does not preclude the use of meetings 
and workshops, both of which are planned. The effectiveness of the meetings and 
workshops may be improved by providing preliminary staff positions in the ANPR. 

2.	 As a formal request for comments, the ANPR will receive high visibility within the industry 
and from other external stakeholders and establishes a timetable by which comments 
must be received. The schedule assumes that this exchange of information will reduce 
the time required to address comments on the proposed rulemaking because many 
issues may be resolved on the basis of pUblic comments received on the ANPR. 

3.	 By describing the contemplated new terminology and acceptance criteria for the 
proposed Appendix T, the ANPR would facilitate early implementation of the 
categorization pilot program and may encourage additional licensees to participate in this 
program. 

4.	 It provides an early basis for evaluating the draft NEI categorization guideline, which is 
expected to be submitted for staff review in December 1999. 

5.	 The ANPR does not commit the NRC to implement the contemplated rulemaking; it is 
only a mechanism for receiving stakeholder input. In the event the staff determined that 
this rulemaking was not feasible, the staff could discontinue its efforts. 

Pilot Program 

The proposed approach includes two distinct pilot activities as part of the pilot program. They 
are (1) review of the STP exemptions as a proof-of-concept prototype pilot and (2) a 
categorization pilot program to demonstrate the acceptability of the contemplated new 
Appendix T and the NEI guideline. 

The staff's review of the STP exemption request will address many of the same issues as this 
rUlemaking. It may establish the type of staff review necessary to allow implementation of risk
informed alternatives and will address the regUlatory treatment associated with maintaining the 
functionality of RISC-3 SSCs. It is not expected, however, that the STP exemption will 
demonstrate whether the contemplated Appendix T or the NEI guideline is adequate. 

The categorization pilot program will be conducted to demonstrate the adequacy of the 
contemplated new terminology and categorization acceptance criteria in the proposed 
Appendix T. The staff further recommends that final rulemaking be deferred until the staff has 
confirmed the acceptability of the proposed rule language and the NEI guideline. Under the 
proposed schedule, the staff would complete this evaluation in July 2001. The staff could then 
issue exemptions to the pilot program participants at that time. 
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Policy and Implementation Issues 

The staff is evaluating a number of issues to determine their effect on the scope and character 
of this rulemaking. These issues are summarized below, and additional details are provided in 
the ANPR. 

1. Selective Implementation 

Selective implementation is defined as either implementing a subset of alternative 
regulatory treatment requirements or implementing those requirements for a subset of 
SSCs at a facility, or both. In SECY-98-3oo, the staff stated that if selective 
implementation is allowed, some licensees could focus their efforts in areas where 
unnecessary regulatory burden could be reduced, and may not focus in areas where it 
would be appropriate to place additional regulatory controls on SSCs given their safety 
significance. Therefore, selective implementation was judged incompatible with the 
intent of risk-informed regulation. However, the Commission determined that a decision 
on this topic was premature. The staff now believes that selective implementation for a 
subset of alternative special treatment requirements should be accommodated. The staff 
has not reached a conclusion regarding selective implementation for a subset of SSCs, 
but acknowledges that implementation of this framework would likely be through a 
phased approach by licensees. Selective implementation of alternative regulatory 
treatment requirements would introduce additional complexity into the regulatory process 
and the staff will need to assess the practicality of the approach. In addressing this 
issue, the staff will need to establish an implementation approach which recognizes all of 
the NRC's outcome oriented goals, not just reducing unnecessary regulatory burden. The 
staff is continuing to evaluate this issue and thus is seeking stakeholder feedback 
through the ANPR. 

2. Effect on Other Regulations 

The staff has determined that implementation of risk-informed altematives in Part 50 may 
affect implementation of other regulations (e.g., Part 21, Part 55, and Part 54). In some 
cases, such as operator licensing (Part 55), rule changes may not be necessary; 
however, licensees may need to make changes to programs implementing these 
regulations in order to ensure compliance. In other cases such as Part 21 and Part 54, it 
appears that changes may be needed (Refer to Section 4.3 of the rulemaking plan). 

3. Staff Review Reguirement 

As described in SECY-98-300 and in the mission statement objectives, the preferred 
approach is to avoid the need for prior staff review and approval of either the licensee's 
PRA and SSC categorization process (other than confirmation that it meets the criteria in 
the proposed Appendix T) or the results of that process (Le., the list of SSCs of safety 
significance). This approach may not be feasible. In that event, the staff will need to 
determine what level of review would be necessary. 

By providing detailed categorization requirements in the proposed Appendix T, it is the 
staff's intent to provide a regulatory framework supporting implementation of risk
informed alternative requirements without prior NRC review and approval. Appendix T 
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will be developed, in part, from existing guidance such as RG 1.174, and from experience 
gained by review of the South Texas Project (STP) Graded Quality Assurance 
methodology. Several significant aspects of the proposed categorization technique rely 
upon sUbjective and qualitative jUdgement. For example, it is expected that an expert 
panel will consider defense-in-depth as part of the assessment of SSC risk significance. 
Terms such as defense-in-depth and margin of safety are often defined only in 
qualitative, not quantitative, terms. Such terms are difficult to translate into inspectable 
and enforceable regulations yielding consistent, objective results. Therefore, application 
of these concepts within Appendix T creates a significant challenge for the staff. It 
should be noted that work to risk-inform the technical requirements of 10 CFR 50 (Option 
3) must also address the defense-in-depth and safety margin issue and the work in this 
area will be closely coordinated between Options 2 and 3. To support a "no prior 
approval" approach, Appendix T will need to be constructed such that expert panels will 
reach sound and consistent judgements. It is important to note that SSCs categorized as 
RISC-3 are not being removed from regulatory treatment (Le., there will be some 
requirements in 50.69 to address functionality). If the staff cannot develop criteria that 
result in consistent, objective results, then some level of prior NRC review and approval 
will be necessary~ 

The "no prior staff approval" approach puts increased emphasis on the quality of the 
underlying PRA. It is currently the staff's intention that the issue of PRA quality will be 
addressed through the staff's endorsement of national consensus standards on PRA 
quality. 

4. Identification and Control of Attributes ReqUiring Special Treatment 

The staff anticipates development of regUlatory controls for RISC-1 and RISC-2 SSCs to 
ensure the attributes of these SSCs that make them safety significant are adequately 
preserved. For RISC-1 SSCs, it is possible that existing special treatment requirements 
do not adequately address these attributes. For RISC-2 SSCs, the safety significant 
attributes are probably not subject to regUlatory control in the existing deterministic 
framework. Therefore, for these components, the staff is considering what are the 
appropriate regUlatory controls that should be applied. 

For RISC-3 SSCs, appropriate controls must be established to preserve functional 
performance. For example, safety-related hydrogen recombine~ installed in large dry 
containments may be determined to be of low safety significance. Nonetheless, the 
hydrogen recombiner's function must be preserved until such time that 10 CFR 50.44 
criteria are revised under Option 3. It is expected that criteria for preservation of 
functional capability (at a reduced level of assurance) will be developed and incorporated 
into 10 CFR 50.69. Defining the controls that are appropriate for maintaining functionality 
of RISC-3 SSCs will be a significant challenge. 

Regarding the appropriate level of regulatory controls to be placed on RISC-1, RISC-2, 
and RISC-3 SSCs, the staff expects that it will receive significant stakeholder feedback 
through the ANPR. Refer to questions E.1 through E.4 of the ANPR. 
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LEGAL ANALYSIS AND BACKFIT ANALYSIS:
 

The Office of the General Counsel (OGC) has not identified any bases for legal objection to the 
contemplated rulemaking approach. The rulemaking provides an alternative method for 
ensuring that the requirements of the Atomic Energy Act (AEA) of 1954 as amended are 
complied with, that there can be reasonable assurance of adequate protection to public health 
and safety, that the operation of a nuclear power plant will not impose an undue risk to public 
health and safety, and that appropriate levels of protection are provided to minimize danger to 
life and property. Accordingly, OGC believes that the AEA provides the Commission with 
sufficient authority to promulgate the contemplated rule. OGC has concluded that the 
contemplated rulemaking appears to comply with rulemaking requirements. 

OGC has also determined that the contemplated rulemaking would not constitute a backfit as 
defined in Section 50.1 09(a)(1). This determination is made on the basis that each of the rules 
being modified in this rulemaking would provide a voluntary alternative to licensees that wish to 
utilize risk-informed methods for selecting the SSCs that are sUbject to special treatment 
requirements. Licensees that choose not to use such an approach can continue to rely upon 
their existing designations of safety-related and important to safety. 

SCHEDULE: 

The proposed schedule, described in Section 17 of the rulemaking plan, includes six major 
efforts: (1) the STP exemption; (2) the ANPR; (3) the categorization pilot program; (4) the NEI 
guideline review; (5) the proposed rulemaking; and (6) the final rulemaking. Assuming that the 
staff requirements memorandum (SRM) for this rulemaking plan paper is issued within 6 weeks 
of the date of this Commission paper, the staff's proposed schedule would result in the following 
projected milestone dates: 

1.	 A proposed rulemaking package submitted to the Commission for approval in September 
2000. 

2.	 A final rulemaking package submitted to the Commission for approval in October 2001. 

3.	 Licensee implementation could begin in March 2002. 

The proposed schedule, while achievable, does assume that all issues can be resolved 
promptly. As described in the rulemaking plan, even short delays in many of the tasks could 
delay the project as a whole. In addition, since this rulemaking represents a developmental 
activity, it is possible that extensive public comments or unforeseen issues could arise that may 
be difficult to resolve and thus delay the schedule. 

RESOURCES: 

As described in Section 17 of the rulemaking plan, the total resources estimated for this effort 
are 47 FTE and $3.0 million in technical assistance, as illustrated in the following table. The 
resource estimates are consistent with each office's budget, except for the FY 2000 technical 
assistance estimate for NRR. 
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- FY2000 FY 2001 
_. 

FY 2002 

FTE $ (OOOs) FTE $ (OOOs) FTE $ (OOOs) 

NRR 22'" 1,350 12 150 3 0 

RES 2 500 3 500 3 500 

"'This includes 3 FTE to review the STP exemption. 

In addition to the program office resources, OGC will require approximately 1 FTE total over the 
three fiscal years, and other offices (Administration, OCIO, OCFO) should require less than 1 
FTE combined in support of this effort. None of these offices will require technical assistance 
funds. 

During the staff's interactions with industry, the public, ACRS and other stakeholders in 
September and October 1999, the diffiCUlty of the task of identifying the appropriate level of 
assurance for each safety class became apparent. Thus, additional effort may be necessary to 
establish the impact of removing equipment from the scope of the current special treatment 
requirements, and to assess the appropriate level of assurance in the proposed §50.69. For 
NRR, the preliminary technical assistance estimate for this effort is that it could be as much as 

.$1.1 million more than budgeted for FY 2000. At this time the staff plans to move ahead using 
internal resources. At mid-year the staff will reassess using the PBPM process to identify 
whether additional resources are needed. The staff will then provide the results of the PBPM 
assessment for the agency mid-year review to identify whether resources should be reallocated. 

These estimates are tentative and may change as better information is developed as a result of 
public comments on the ANPR, and as the staff addresses the technical and policy issues 
associated with the rulemaking. In the event schedule delays occur, substantial revisions to the 
estimated resources would be necessary, in particular for FY 2002. In the event reprogramming 
is necessary as a result of issues that are raised or schedule delays, the staff will use the PBPM 
process to reallocate resources as necessary at that time. 

These estimates only encompass the effort associated with the rulemaking, including 
development of appropriate regulatory and inspection guidance. It does not include resources 
necessary to implement the final rules, such as staff training or review and inspection of licensee 
programs (except for the effort to review the STP exemption and pilot plant program and 
exemptions). The implementation resources can be better estimated once a final decision on 
the regulatory approach has been made (e.g., whether prior staff review and approval is 
required). 

COORDINATION: 

The staff conducted three information briefings with the ACRS, and prOVided an information 
briefing for the Committee to Review Generic Requirements (CRGR). By letter dated 
October 12, 1999, the ACRS indicated its general agreement with staff's proposal to develop a 
new rule and supporting appendix to risk-inform special treatment requirements. OGC has 
reviewed this paper and has no legal objection. The Office of the Chief Financial Officer has 
reviewed this paper for resource implications and has no objections. The Office of the Chief 
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Information Officer has reviewed the rulemaking plan for information technology and information 
management-implications and concurs in it. However, the plan suggests changes in information 
collection requirements that must be submitted to the Office of Management and Budget at the 
same time the rule is forwarded to the Federal Register for publication. 

The staff is also developing an internal and external communications plan regarding the 
rulemaking. The objective will be to engage internal (e.g., NRC staff, ACRS, CRGR) and 
external (e.g., NEI, licensees, members of the public) during the rulemaking process. 

RECOMMENDATIONS: 

The staff recommends that: 

1.	 The staff issue the ANPR in Attachment 2. The staff requests action within 10 days. 
Action will not be taken until the SRM is received. We consider this action to be within 
the delegated authority of the EDO. 

2.	 The Commission approve the rulemaking plan as described in Attachment 1. 

l~I~~. ",,--...... 
William D. Travers 
Executive Director 
for Operations 

Attachments: 1. Rulemaking plan for Risk-Informing Special Treatment Requirements 
2. Proposed ANPR 
3. Rule selection methodology 

Commissioners' completed vote sheets/comments should be provided directly to 
the Office of the Secretary by COB Monday, November 15, 1999. 

Commission Staff Office comments, if any, should be submitted to the 
Commissioners NLT November 5, 1999, with an information copy to the Office 
of the Secretary. If the paper is of such a nature that it requires additional 
review and comment, the Commissioners and the Secretariat should be apprised 
of when comments may be expected. 
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UNITED STATES
 
NUCLEAR REGULATORY COMMISSION
 

ADVISORY COMMITIEE ON REACTOR SAFEGUARDS
 
i· 

WASHINGTON, D.C. 20555-0001 

October 12, 1999 

The Honorable Greta Joy Dicus 
Chairman 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Dear Chairman Dicus: 

SUB..IECT:	 PROPOSED PLANS FOR DEVELOPING RISK-INFORMED REVISIONS TO 10 
CFR PART 50, "DOMESTIC LICENSING OF PRODUCTION AND UTILIZATION 
FACILITIES" 

During the 466th meeting of the Advisory Committee on Reactor Safeguards, September 30
October 2, 1999, we met with representatives of the NRC staff and Nuclear Energy Institute to 
discuss proposed plans for developing risk-informed revisions to 10 CFR Part 50. We also met 
with a representative of Public Citizen, Critical Mass Energy Project, to discuss these matters 
and a recent report issued by Public Citizen. Our Subcommittees on Reliability and 
Probabilistic Risk Assessment and on Regulatory Policies and Practices met on July 13 and 
September 24, 1999, to discuss these matters. We had the benefit of the documents 
referenced. 

Conclusions and Recommendations 

1.	 We agree with the staff's proposal to develop a new regulatory section 10 CFR 
50.69 and associated Appendix T to implement Option 2 (changing the special 
treatment rules in 10 CFR Part 50) of SECY-98-300. 

2.	 We agree that the current terminology of safety-related structures, systems, and 
components (SSCs) should be preserved and that additional terminology 
referring to the safety significance of SSCs should be considered. We 
recommend that the staff explore the potential benefits of defining more than two 
categories of safety significance. 

3.	 The determination of the safety significance of SSCs relies heavily on the use of 
importance measures. These measures are strongly affected by the scope and 
quality of the probabilistic risk assessment (PRA). For example, incomplete 
assessments of risk contributions from low-power and shutdown operations, 
fires, and human performance will distort the importance measures. 
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4.	 Even with a full-scope, high-quality PRA, the importance measures have 
limitations. The guidance to be provided in the proposed Appendix T for the 
categorization of SSCs should clarify the proper roles of (a) importance 
measures, (b) sensitivity and uncertainty analysis, (c) baseline core damage 
frequency (CDF) and large, early release frequency (LERF), and (d) the changes 
in CDF and LERF (i.e., ACDF and ALERF). 

5.	 It is essential that the implementation of Option 2 be scrutable and auditable. 
The staff should have access to the risk assessments and technical bases 
documents (e.g., inputs to and deliberations of the expert panel) that licensees 
use to justify requests. 

6.	 The guidance to be provided in the proposed Appendix T for the expert panel 
should include insights gained from the implementation of recommendation 4 
above. The staff should include guidance for conducting expert panel sessions 
and training of the panel members on the use of importance measures. 

7.	 We agree with the staff's plan for implementing Option 3 (changing specific 
reqUirements in the body of 10 CFR Part 50 and associated regulations) of 
SECY-98-300. Policy issues regarding the role of defense in depth in a risk
informed regulatory system should be resolved before the plan is fully 
implemented. 

Discussion 

In a Staff ReqUirements Memorandum dated June 8, 1999, the Commission directed the staff 
to make risk-informed changes to the scope of SSCs covered by regulations that provide 
special treatment requirements (e.g., quality assurance, environmental qualification, technical 
specifications, 10 CFR 50.59, ASME Code, 10 CFR 50.72, and 10 CFR 50.73). 10 CFR 50.2 
defines safety-related SSCs as those SSCs that "are relied upon'to remain functional during 
and following design basis events to assure: (1) The integrity of the reactor coolant boundary; 
(2) The capability to shut down the reactor and maintain it in a safe shutdown condition; or (3) 
The capability to prevent or mitigate the consequences of accidents which could result in 
potential offsite exposures....• 

To date, the determination of whether an SSC is safety related has been based largely on 
deterministic analyses that include engineering judgment. Advances in PRAs have made it 
possible to quantify the degree to which SSCs are relied upon to ensure that the requirements 
in 10 CFR 50.2 are met. For example, using a combination of deterministic and PRA insights, 
the South Texas Project Nuclear Operating Company has concluded that many SSCs currently 
categorized as safety-related contribute very little to CDF and LERF, while a few SSCs currently 
categorized as nonsafety-related are significant from a risk perspective. 

The staff proposes to develop a new rule, 10 CFR 50.69, and an associated Appendix T. The 
new rule will explicitly allow the use of a new risk-informed scope. Appendix T will provide the 
criteria for the new categorization process. We agree with this approach. 
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The current "safety-related" and "nonsafety-related" categories will be retained. Two new 
categories that consider risk information, Le., high safety significance and low safety 
significance, will be developed. AppendiX T will provide criteria for the new categorization 
process. The staff proposes to use a 2x2 matrix where SSCs are to be placed in one of the 
four categories according to safety significance and safety-related status. Introducing these 
new categories while preserving the safety-related and nonsafety-related terminology should 
help to avoid the confusion that could result from a redefinition of the safety-related concept. 
We agree that such an approach is preferable to redefining "safety-related" and "important to 
safety." 

At this early stage, the staff has not decided what special treatment the SSCs in each of the 
four categories of the 2x2 matrix will receive. The staff has indicated that this decision may 
reqUire a finer treatment of safetY significance than the two groups to be proposed in 
Appendix T. The South Texas Project Nuclear Operating Company has chosen to consider 
four groups for safety significance instead of the two that will be proposed for Appendix T. 
They are: 1) high safety/risk significant (HSS), 2) medium safety/risk significant (MSS), 3) low 
safety/risk significant (LSS), and 4) non-risk significant (NRS). LSS and NRS SSCs support 
ancillary functions (e.g., vents and drains) for safety-related systems, but do not affect the 
primary functions of these systems. LSS SSCs may be included in the PRA while NRS SSCs 
are not. 

We believe that the staff should further evaluate the various options for partitioning the range of 
safety significance before it settles on a grouping that it considers optimum. 

Appendix T will include requirements for categorizing SSCs using PRA. We offer the following 
comments and suggestions for inclusion in the development of Appendix T: 

, 

1.	 The screening criteria are based primarily on two importance measures: Fussell-Vesely 
(FV) and Risk Achievement Worth (RAW). The criteria are: FV> 0.005 and RAW > 2 
based on either CDF or LERF. It is important to fUlly understand what information 
these measures convey as well as their limitations. Detailed discussions on these 
matters are available in References 9, 12, and 13. 

As an example, consider a very simple case in which the risk metric, e.g., the CDF due 
to internal events, is a function of a single accident sequence. We have 

CDF'E =fq =10-4 per reactor-year	 (1 ) 

where 
f:	 frequency of the initiating event (say, 10.2 per reactor-year) 
q:	 unavailability of the protection system (say, 10.2 per demand) 

The importance measures for the system are 

FV _ .!9.- = 1	 
(2) 

fq 
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(3)
co~+ f 1 

RAW= =-=-=100
coPE fq q 

where CDF'E.+ is the new value of CDF with the protection system assumed unavailable. 

Suppose that several protection systems are added, each of unavailability qj' The new 
importance measures for the system are 

(4)fq II q j 
FV ---~~ 1 

fq n q j 

(5). ,fTIq· 1
 
RAW = J=-=100
 

fqTIqj q 

Even though several protection systems have been added thereby reducing reliance on 
the original system and reducing the overall risk, the importance measures have not 
changed. We believe that this insensitivity should be better understood and 
communicated to the expert panel and that insights from this discussion need to be 
incorporated into the rule or the associated guidance documents. 

2.	 Suppose that the CDF estimate of Equation (1) is expanded to include the contribution 
from external events. We assume that this contribution is 10.3 per reactor-year, Le., it 
dominates the risk due to internal events, as is often the case with the seismic 
contribution. The new CDF ;s 

CDF = CDF'E + CDFEE = 10'" + 10.3 = 1.1x1 0.3 per reactor-year	 (6) 

A calculation of the new importance measures provides: 

(7) 
" 10 -4 = 0.09FV

1.lxl0-3 

(8) 
" RAW 

As expected, the importance measures of the protection system have been reduced 
drastically. The question is whether including the dominant seismic contribution results 
in meaningful importance measures, especially within the context of the proposed new 
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reactor oversight process where the frequency of initiating events and the unavailability 
of the protection systems are cornerstones of the assessment process. 

In a PRA, the additional terms in the equation may.be the products of analyses that are 
not as rigorous as those for the terms in which a particular system appears. For 
example, some terms may contain probabilities of recovery actions or damage caused 
by "external" events, such as fires and tornadoes. The current assessment of risk 
contributions from low-power and shutdown operations, fires, and human performance 
is incomplete. Because the PRA technology for such assessments is not as well 
developed as that for "internal" events, the analyses may contain many overly 
conservative assumptions, thus artificially increasing these contributions. 
Inconsistencies in the analYsis of the various contributions to risk distort the importance 
measures. 

It is evident that the absolute value of the baseline risk metric is a critical element in 
these evaluations and that the importance measures contain only relative information 
with respect to a given risk metric. 

The change in risk depends on this absolute value also, Le., ~CDF at two plants with 
different baseline CDFs, will be different for the same change in the unavailability of a 
component whose importance measures have the same value at these plants. 
Reference 9 states that "if we are interested in controlling the change in risk in an 
absolute sense, it does not make sense to have a universally fixed value of FV as a 
criterion for risk significance," and "it is clear that it does not make much sense to define 
a universal criterion based on RAW." 

3.	 The calculation of RAW in Equation (3) reqUires the estimation of CDFIE..., i.e., the CDF 
assuming that the protection system is unavailable. This assessment may be much 
more involved than simply setting the unavailability of the system equal to unity. The 
assumption of a system being unavailable may affect several terms in the PRA. For 
example, in a two-train redundant system, the PRA contains terms representing the 
"random" independent failure of the two trains, the probability of a common-cause 
failure, and the probability that coupled human errors after test and maintenance may 
disable both trains. All of these terms are affected by the assumption of one train being 
unavailable. Recovery actions may also be affected (see Reference 11). 

We question whether these considerations are adequately taken into account when 
RAW is calculated for hundreds of components. 

4.	 The current practice of calCUlating FV and RAW is to use the mean epistemic values of 
the parameters in the ratios appearing in Equations (2) and (3). The more rigorous way 
is to first find the ratios and then to average them over the epistemic distributions of the 
parameters (Reference 10). The current practice is an approximation that is usually 
reasonable, unless the epistemic uncertainties of the parameters are very large 
(Reference 9). The section on sensitivity analysis in the proposed AppendiX T should 
reflect this observation. 
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The preceding paragraphs are not intended to discourage the use of importance measures. 
Although our example is a simple one, it does illustrate that FV and RAW values must be 
carefully calculated and interpreted. We do believe that a good understanding of the limitations 
of importance measures is essential to their proper use. 

The issues discussed above. as well as the detailed investigations in the cited references, 
suggest that the members of the expert panel that determines the categorization of SSCs need 
to be aware of these limitations and constraints. We believe that there is a need to ensure that 
members of expert panels have formal training in the properties of importance measures. 
Similar training sessions are prOVided in other contexts, e.g., before quantitative judgments are 
elicited from engineers and scientists who are not familiar with the cognitive issues associated 
with the elicitation of expert opinion. 

Option 3 of SECY-98-300 deals with changes in specific requirements in 10 CFR Part 50, 
including general design criteria. The staff's high-level plan for implementing this option and 
associated study is acceptable. We note, however, that defense in depth plays a critical role in 
this plan. 

The PRA Policy Statement of 1995 and subsequent agency documents such as Regulatory 
Guide 1.174 for risk-informed changes to the licensing basis place defense in depth at the level 
of a principle whereby PRA should be used in "a manner that supports the NRC's traditional 
defense-in-depth philosophy." As noted in our May 19, 1999 report, this may create conflicts 
between risk-informed insights and defense in depth. Since the staff's plan includes defense
in-depth considerations in several key areas, e.g.• the identification of candidate requirements 
to be revised and the determination of the revisions, it is very important for the Commission to 
clarify the proper role of defense in depth. 

We look forward to working with the staff to resolve the significant techniCal issues associated 
with the implementation of Options 2 and 3 of SECY-98-300. 

Sincerely, 

3~a.~~ 
Dana A. Powers 
Chairman 
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Risk-Informing Special Treatment Regulations. 

2.	 Memorandum dated September 23. 1999, from Thomas l. King, Office of Nuclear 
Regulatory Research, to John T. Larkins. Advisory Commi"ee on Reactor Safeguards, 
Subject: ACRS Review of Proposed Staff Plan for Risk-Informing Technical 
Requirements in 10 CFR Part 50 
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The Honorable Richard A: Meserve 
Chairman 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Dear Chairman Meserve: 

SUBJECT:	 IMPLEMENTING A FRAMEWORK FOR RISK-INFORMED REGULATION IN 
THE OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS 

During the 113th meeting of the Advisory Committee on Nuclear Waste (ACNW), October 12
13, 1999, and the 4671h meeting of the Advisory Committee on Reactor Safeguards (ACRS), 
November 4-6, 1999, the Committees considered the staff's proposed framework for risk
informed and performance-based regulation in the Office of Nuclear Material Safety and 
Safeguards (NMSS), as articulated in SECY-99-100 and an associated Staff Requirements 
Memorandum dated June 28,1999. A meeting of the ACRS/ACNW Joint Subcommittee was 
held on May 11, 1999, to discuss these matters. We had the benefit of the documents 
referenced. 

Recommendations 

1.	 NMSS should develop a set of principles and a safety goal approach for each of its 
regulated activities to guide its implementation of risk-informed and performance-based 
regulation. 

2.	 NMSS should identify the analytical methods to be applied to implement risk-informed 
and performance-based regulation on an application-specific basis. 

Discussion 

The NMSS staff is examining the use of risk information in four major categories of regulated 
activities: (1) long-term commitment of a site to the presence of nuclear material (e.g., high
level waste disposal); (2) use of engineered casks to isolate nuclear material under a variety of 
conditions (e.g., transportation and storage); (3) physical and chemical processing and 
possession of nuclear material at a large-scale facility (e.g., fuel fabrication); and (4) use of 
sealed or unsealed byproduct material in industrial and medical applications. The objectives of 
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this examination are to focus regulatory activities on matters that are important to safety and 
avoid unnecessary burdens on licensees and the NRC staff. 

The diversity of the four categories of activities listed above indicates that the risk assessment 
methods for material licensees are likely to be different from those for nuclear power plants. 
While quantitative risk assessment is a. well-developed and utilized tool for nuclear power plant 
licensees, it may be unnecessarily complex for the NMSS regulated activities. The 
performance assessments (PAs) done for waste repositories are conceptually similar to 
probabilistic risk assessments (PRAs) for reactors. Recently, there have been developments 
for simplified approaches to quantitative risk analysis, e.g., integrated safety assessments 
(ISAs), that are less rigorous than PRAs or PAs. 

The staff must address two crucial issues as it considers risk methods in the regulation of 
material licensees: 

1.	 What criteria should be used to decide whether the regulations for a specific nuclear 
materials activity should be changed to a risk-informed regulation? Can the current 
deterministic criteria, accounting methods, or proposed approaches such as ISA 
accomplish risk-informed objectives? 

2.	 What risk analysis methods (and scope) and risk acceptance criteria should be applied 
to the operations that merit risk-informed regulation? 

To address the first question, we believe that the staff will need to develop a set of principles for 
risk-informed regulation. Such a set of principles is important to guide the need for and change 
from a prescriptive form of regulation to a less prescriptive, but risk-informed, method of 
regulation. In developing these principles, the staff should take full advantage of the knowledge 
base unique to materials and waste disposal regulation, as well as the staff's experience in 
developing principles for other regUlatory applications, such as Regulatory Guide 1.174. 

Some of the characteristics of nuclear materials regulation that differ from reactor regulation 
include: (1) experience in regUlating to radiation exposure standards, as opposed to surrogate 
measures such as facility damage, (2) diversity of types of licensee activities involving major 
differences in materials, facilities, and practices, (3) activities not dominated by a clear-cut 
feature such as core damage, and (4) activities where the operational risk, as opposed to the 
accident risk, may be the central issue of risk regulation. Although these characteristics 
distinguish materials regulation from reactor regulation, the Committees believe that the 
approach to regulatory decisionmaking for the NMSS activities should have a basis that is 
consistent with the approach for reactor regUlation. 

An important element introduced in RegUlatory Guide 1.174 and that should be investigated in 
the present context of materials regulation is that regulatory decisionmaking should be based 
on an analytic and deliberative process. Analytical results from risk assessments and other 
engineering analyses are only part of the input to this process. Qualitative inputs, e.g., the 
preservation of the defense-in-depth philosophy, may be considered by an expert panel or other 
decisionmaking entity. In developing the new principles, the staff should consider this approach 
and its applicability to the various NMSS activities. If qualitative information is to be used in the 
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decisionmaking process, then the reason(s) should be explained. If there is a need for an 
. expert panel for some activities, its form and composition should be discussed.' 

Consideration should be given to developing variations on the safety goal approach to risk 
acceptance. One variation may be to include uncertainty directly in the risk acceptance criteria 
via required confidence levels in their determination. Another may be to define acceptance 
criteria that are either met or not, i.e., the range of risk is partitioned into two regions, the 
acceptable and unacceptable regions. Another might be to adopt a three-region approach. In 
this concept, there is a range of acceptability with an upper and lower bound. The lower bound 
constitutes the level below which no further action is required. The upper bound constitutes a 
level above which definitive action to control the risk is required. The middle region is the 
region in which cost-benefit tradeoffs can be made. These are a few concepts that should be 
investigated by the staff for materials regulation. There may be others. 

The Committees believe that, just as "guiding principles" are important to establishing a well
founded philosophy of risk-informed regulation, so are certain risk assessment concepts. The 
representation of risk as a triplet set is such a guiding concept. The triplet consists of accident 
scenarios (what can go wrong?), probabilities of these scenarios (how likely is each scenario?), 
and the consequences (what are the consequences?). We view the various risk (or safety) 
assessment methods that exist in the literature as dealing with these three elements of the risk 
triplet in different ways. PRAs for reactors and PAs for HLW repositories offer the most 
complete treatment of th,e triplet, and they require the most resources. We believe that the staff 
should clarify how any chosen method deals with the risk triplet (either quantitatively or 
qualitatively) and justify the appropriateness of the selected scopes as differentiated among the 
four major categories of NMSS licensees. If methods that are less rigorous than PRAs or PAs 
are judged to be appropriate for certain applications, their treatment of the triplet should be 
explicitly identified. The reasons for resorting to these less rigorous methods should be 
carefully justified. We are especially concerned about the completeness of the scenario list and 
the analysis of uncertainties. 

We look forward to reviewing staff activities on these matters during future meetings. 

Sincerely, 

Dana A. Powers 
Chairman, ACNW Chairman, ACRS 

~.JOhnG:m! 

1 this concept of an expert panel refers to the discunion on integrated decislonmaklng in Regulatory Guide 1,174. The purpose oIluch 
an expert panel is to evaluate mU"iple sources ot infonnation to make decisions in an integrated manner. This is different from the guidance In the 
"Branch Technical Posl1ion on the Use of Expert Elicitation In the High·Levei Radioactive Waste Program; NUREG·1SS3, that reters to alpeclflc 
fonnalized process for developing infonnation and 'data" to be used in a perfonnance assessment 
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