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STANDARD REVIEW PLAN

USE OF PROBABILISTIC RISK ASSESSMENT IN PLANT-SPEC! -C,
RISK-INFORMED DECISIONMAKING: GENERAL GUIDAN.CE

19.0 USE OF PRA IN REGULATORY ACTIVITIES: CENERAL GUIDANCE
INTRODUCTION

The purposes of this standard review plan (SRP) are to identify the roles and
responsibilities of organizations in the NRC that participate in risk-informed
reviefs of licensee proposals for changes to a plant’s current licensing basis
(CLB)' . The SRP identifies the types of information that may be used in

each activity and provides general guidance on how the information from a
probabilistic risk assessment (PRA) can be combined with other pertinent
information in the process of making a regulatory decision.

The guidance in this document is a logical extension of current NRC policy on
the use of PRA in regulatory activities which is documented in the
commission’s PRA policy statement and PRA implementation plan (references 1, 2
and 3). In developing this document, the staff has considered the NRC
regulatory guide on the use of PRA in risk-informed regulatory applications,
draft Regulatory Guide DG-1061 (Reference 5) and the relevant industry
guidance documented in Reference 4. In addition, reference will be made to
other SRP chapters which provide additional guidance for the review of
specific applications of PRA in regulated activities.

Risk-informed decisionmaking will be based on the following approach. The
design, construction, and operational practices of the plant being analyzed
are expected to be consistent with its CLB. The risk evaluations performed to
justify regulatory changes are expected to realistically reflect the plant-
specific design, construction, and operational practices. The PRA analyses
should be as realistic as practicable, and should address significant
uncertainties. Results of these risk analyses will be part of the input to
the decision process that evaluates margin in plant capability (both in
performance and in redundancy/diversity). The decision process will use the

: This SRP adopts the 10 CFR Part 54 definition of current licensing basis, i.e., “CLB is the set

of MRC requirements appliceble to 2 specific plart and & licensee's written compiteents for ensuring

compl iance with and operation within applicatie NRC requirements and the plant-specific design basis
(including all modifications and additions to such commitments over the life of the license) that are
docketed and in effect. The CLB includes the NRC regulations contained in 10 CFR Parts 2, 19, 20, 21, 26,
30, 40, 51, 54, 55, 70, 72, 73, 100 ac appendices thereto; orders; license conditions; exemptions; and
technical specifications. it also includes the plant specific design-basis information defined in 10 CFR
50.2 as documented i~ the most recent final safety analysis report (FSAR) as required by 10 CFR 50.71 and
the licensee’s commitments remaining ir effect that were made in docketed licensing correspondence such as
licensee responses to NRC bulletins, gemeric letters, snd enforcement actions, as well as licensce
commitments documented in NRC safety evaluations or |icensee event reports."
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risk results in a manner which complements traditional engineering approaches
and supports the defense-in-depth philosophy and preserves safety margins.
Risk analysis will inform, but will not determine regulatory decisions.

ROLES AND RESPONSIBILITIES

Depending on the technical nature of a licensee’'s request, an appropriate
technical review branch in the Office of Nuclear Reactor Regulation (NRR) will
serve as the primary review branch and, as such, has overall responsibility
for leading the technical review, drafting the staff safety evaluation report
(SER) or other appropriate regulatory document, and coordinating any input
from other technical review organizations. The responsibilities of specific
review organizations that will normally play a role in reviewing risk-informed
proposals are listed below.

r (SPSB), at the request of the
primary review branch, is responsible for review of the PRA information and
findings submitted by the licensee. Review support includes the assessment of
the adequacy of the scope, level of detail and quality of the PRA used by the
licensee to support the regulatory change and the applicatton of risk related
acceptance guidelines to support decisionmaking.

‘ (SRXB), at the request of the primary review branch
or SPSB, provides support in accident sequence modeling, including treatment
of reactivity and thermal-hydraulic phenomena, system response, and the
impiementation of emergency operating procedures and abnormal operating
procedures.

(SCSB), has primary responsibility
for review of any containment response and contazinment integrity information
submitted by the licensee in support of a request for regulatory action.

(PERB) has primary
responsibility for review of any evaluations of radionuclide contamination or
public health effects submitted by a licensee in support of a request for
regulatory action.

(RES), at the request of the primary
review branch, provides technical support in areas involving all aspects of
PRA, severe accident phenomenology and enaineering studies.

(AEOD), at the
request of the primary review branch, provides generic and plant-specific data
on the frequency of initiating events, common cause failures and human errors
from operating experience.

, at the request of the primary review branch, provides
information on licensee operational experience in areas of system performance,
operator performance, risk management practices and management controls.

2 SRP Chapter 19, REV L 03/27/97
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I.  AREAS OF REVIEW

The NRC's PRA Implementation Plan (reference 1) identifies a wide scope of
regulatory activities for which PRA can play a role. This scope includes
activities which require NRC review and approval and other activities which
are considered internal to NRC and affect licensees and applicants in a less
direct manner, e.g., generic issue prioritization. This Standard Review Plan
chapter deals only with licensing amendment requests submitted for NRC review
and approval for which PRA can play an effective role in the decisionmaking
process. General review guidance for applicable activities is presented in
this SRP. In addition, application-specific SRP chapters are available to
provide additional guidance for several activities. Examples include:

. Changes to allowed outage times (AOT) and surveillance test intervals
(STI) in plant-specific technical specifications;

. Changes in scope and frequency of tests on pumps and vaives in a
licensee’s inservice test (IST) program;

. Changes in scope and frequency of inspections in a l4censee’s inservice
inspcoction (ISI) program; and

. Grading »f activities in the Ticensee’s quality assurance (QA) program.

Draft regulatory juide DG-106] defines an acceptable approach to analyzing and
evaluating proposed LB changes. This approach supports the staff’s desire to
base its decisions on the results o f traditional engineering evaluations,
supported by insights (derived from the use of PRA methods) on the risk
significance of the proposed changes. The decision process leading to the
proposed change is expected to be done in an inicarated fashion (considering
traditional engineering and risk information) and may be based upon
qualitative factors as well as quantitative analyses and information.

As discussed later in this cection, the scope of the staff review of a v1sk-
informed application will depend on the specifics cf the application.
However, this scope should include a review of the four-element approiuch as
suggested in chapter 2 of draft Reg Guide DG-1061. The areas of review for
each of these elements are summarized below.

Element 1: Define the Proposed Change

The objective of this element is to provide the groundwork for the evaluation
of safety impacts of the proposed change. Areas of review in this element
therefore includes an evaluation of: the proposed change in light of the CLB;
the structures, systems and components (S5Cs), procedures and activities that
are covered by the proposed change; the method of analysis; and the available
engineering studies and risk evaluation findings that are relevant to the
proposed change.

3 SRP Chapter 19, REV L 03/27/97
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Element 2: Conduct Engineering Evaluations

In this element, the reviewer should evaluate the proposed change to ensure
that defense-in-depth and safety margins are maintained, and that the
calculated change in plant risk is within the guidelines specified in DG-1061.
The proposed changes are to be evaluated in light of the licensee’s risk
management approach in which the licensee is using risk analysis to improve
operational and engineering decisions and not just te eliminate requirements
the 1icensee sees as undesirable, and that cumulative risk impacts are
appropriately factored into the decision process.

Element 3: Develop Implementation and Monitoring Strategies

Implementation and monitoring strategies can provide early indication of plant
performance under the proposed changes and these strategies are therefore
important in applications where there is some uncertainty in evaluation models
and/or data. As such, the review scope should include provisions to ensure
that the licensee proposed process for implementation and monitoring is
adequate to in part account for uncertainties with regard to plant performance
under the proposed change.

Element 4: Document Evaluations and Submit Request

The reviewer should assure that the submittal includes sufficient information
to support conclusions regarding the acceptability of the proposed change and
that archival documentation of the evaluatien process and findings is
maintained and available for staff audit and review. The reviewer should also
assure that the appropriate regulatory action is requested, for example, a
license amendment, an exemption, or a change to technical specifications.
Where appropriate, these actions should include enhancements in regulatory
requirements to preserve the assumptions in the supporting risk analysis, and
to assure that high risk significant SSCs not currently subject to regulatory
control will be subject to requirsments commensurate with their risk
significance. Finally, the reviewer should assure that CLB changes are
appropriately included in a Safety Analysis Report update as necessary.

Application-Specific Reviews

This SRP chapter is written to provide guidance for a full scope review of
applications in risk-informed regulation where evaluation findings are
dependent on the numerical values of risk indices and where a broad set of
scenarios and plant operating modes may be affected. Where it is determined
that an application could justify a review that is less than full scope, the
reviewer should choose the relevant and applicable parts of this SRP for
guidance. In addition, some applications may be supportable without resort to
the level of integration and quantitative perspective afforded by PRA, and
correspondingly, little or no staff review of the PRA may be necessary.
Application-specific SRP chapters (where available) will provide additional
guidance in this area.

4 SRP Chapter 19, REV L 03/27/97
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REVIEW GUIDANCE AND PROCEDURES

General

For each risk-informed application, reviewers should ensure that the following
principles for risk-informed decisionmaking are met (SRP sections dealing with
each principle are provided in parenthesis):

The proposed change meets the current regulations. This principle
applies unless the proposed change is explicitly reiated to a requested
exemption or rule change (i.e., a 50.12 "specific exemption" or a 2.802
"petition for rulemaking") (section 11.3.1);

Defense-in-depth is maintained (section 11.3.1);

Sufficient safety margins are maintained (section 11.3.1);

Proposed increases in risk and their cumulative effect are small, and
these changes do not cause the NRC Safety Goals to be exceeded (sections
11.3.2 and 11.3.3); and

Performance-based implementation and monitoring strategies are proposed

that address uncertainties in analysis models and data, and provide for
timely feedback and corrective action (section 11.4).

In demonstrating the above, reviewers should ensure that the following have
been addressed as part of the submittal:

A1l safety impacts of the proposed change are evaluated in an integrated
manner as part of an overall risk management approach in which the
licensee is using risk analysis to improve operational and engineering
decisions broadly and not just to eliminate requirements the licensee
sees as desirable. The approach used to identify changes in
requirements was used to identify areas where requirements should be
increased as well as where they could be reduced (section 11.3.3);

The acceptability of the proposed changes is evaluated in an integrated
fashion that ensures that all principles are met (section 11.3.3);

Increases in estimated COF and LERF resulting from proposed CLB changes
are limited to small increments (section 11.3.2);

The scope and quality of the engineering analyses (including traditional
and probabilistic analyses) conducted to justify the proposed CLB change
are appropriate for the nature and scope of the change and are based on
the as-built and as-operated and maintained plant (section 11.3.2);
Appropriate consideration of uncertainty is given in analyses and

5 SRP Chapter 19, REV L 03/27/97
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interpretation of findings (section 11.3.2);

. The plant-specific PRA that is used to support licensee proposals has
been subjected to quality controls such as an independent peer review
(section 11.3.2); and

. Data, methods, and assessment criteria used to suppert regulatory
decisionmaking are available for public review (section I11.5).

11.2 Element 1: Define the Proposed Change

In this element, the reviewer should verify that enough information is
provided to meet the staff’s expectation that all potential safety impacts
have been identified and evaluated. In addition, the reviewer should be
satisfied that, where appropriate, the licensee has identified design and
operational aspects of the plant related to the change request that should be
enhanced consistent with an improved understanding of their safety
significance based on the methodology use to support the proposed relaxation
in regulation. These enhancements should be appropriately-reflected in
l;:og;;;? basis changes (e.g., technical specification, license conditions,

a

The proposed changes should be reviewed with regard to the current licensing
basis. The licensing basis of the plant documents how the licensee satisfies
certain basic regulatory requirements such as diversity, redundancy, defense-
in-depth, and the General Design Criteria.

Engineering (or other pertinent) analysis and data that identify the safety
margins or plant activities conducted to preserve those margins should be
reviewed. If exemptions from regulations or relief requests are needed to
implement the licensee’s proposed change, the reviewer should ensure that the
appropriate reguests accompany the licensee’s submittal.

The reviewer should verify that available documents reflecting traditional
engineering concepts and principles have been identified and appropriately
used. Among the non-PRA sources of information that should be examined to
support the evaluation of safety significance are the safety insights
developed in licensing documents including the Final Safety Analysis Report,
and the bases for Technical Specifications such as Limiting Conditions for
Operation (LCOs), Allowed Outage Times (AOTs), and Surveillance Requirements
(SRs) .

Where available, plant specific data and operational information should be
factored into the evaluation process. Reviewers should consider the way in
which the issues at hand are reflected in operational data. Useful insights
from plant specific operating experience can also be obtained from inspections
that follow incidents at the facility, including NRC incident investigation
and augmented team inspections, INPO incident assessments documented in

6 SKP Chapter 19, REV L 03/27/97
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significant operating event reports, licensee follow-up investigations and
routine inspections by NRC resident inspectors. Inspection results can
provide valuable qualitative insights in areas such as human performance,
manageaent controls, adequacy of procedures and root causes of events which
are often difficult to treat with precision in a PRA.

Finally, as part of the initia)l review of the Ticensing amendment, the
reviewer should determine if the scope of the impact of the proposed change
has been adequately characterized (specifically, if all SSCs affected by the
proposed change have been identified) and if the analysis performed and
submitted have the scope and depth needed to adequately characterize the
impact of this change.

11.3 Element 2: Conduct Engineering Evaluations

In order for the staff to make findings of acceptaviiity regarding a proposed
Ticense amendment, the staff position should be based on an integrated
assessment of traditional engineering evaluations and probabilistic
information. Specific evaluations expected to be performed by the licensee
are described in section 2.4 of draft reg guide DG-1061. The scope and
quality of the engineering analyses conducted to Justify the proposed crange
should be appropriate for the nature and scope of the change. Types of
traditional engineering and probabilistic information which should be included
in submittals are described in section 3 of the draft guide.

The results of this element should be re\.ewed to determine if the following
principles for risk-informed decisionmakiig are satisfied: the proposed change
meets current regulations unless the changye is expiicitly related to a
requested exemption or rule change; defense-in-depth is maintained;
sufficient safety margins are maintained; and proposed increases in risk and
their cumulative effect are small, and these changes do not cause the NRC
Safety Goals to be exceeded.

11.3.1 i -in- i f

A review of the engineering evaluations should be performed to demonstrate
that the principles identified in Section II1.1 are not compromised. These
evaluations should include not only the traditional design basis accident
(DBA) analyses, but also evaluations of the defense-in-depth attributes of the
plant, safety margins, and risk assessments performed to obtain risk insights
and quantification of the impact of the proposed change.

11.3.1.1 Defense-in-Depth

Defense-in-depth is defined as a philosophy which ensures that successive
measures are incorporated into the design and operating practices for nuclear
plants to compensate for potential failures in protection and safety measures.

7 SRP Chapter 19, REV L 03/27/97
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In risk informed regulation, the intent is to assure that the philosophy of
defense-in-depth is maintained, not to prevent changes in the way defense-in-
depth is achieved. The defense-in-depth pr losophy has been and continues 10
be an effective way to account for uncertainties n equipment and human
performance In some cases, risk analysis can help quantify the range of
uncertainty; however, there will tikely remain areas of lTarge uncertainty or
areas not covered by the risk analysis Where a comprehensive risk analysis
can be performed, it can bDe used to help determine the zpproximate extent of
defense-in-depth (e.g., balance among core damage prevention, containment
failure and consequence mitigation) to ensure protection of public health and
safety. However, because all aspects of defense-in-depth are not reflected in
PRAs, appropriate traditional defense-in-depth considerations should also be
used to account for uncertainties

Preservation of Multiple Barriers for Radioactivity Release

Defense-in-depth can be argued based on consideration: of the barriers that
prevent or mitigate radioactivity release Release of radioactive materials
from the reactor to the environment is prevented by a succession of passive
barriers: fuel cladding, reactor coolant pressure boundary, and containment
structure. These barriers, together with an imposed exclusion area and
emergency preparedness, are the essential elements for accident consequence
mitigation. Given these multiple barriers, assurance of safety is provided by
application of deterministic safety criteria for the performance of each
barrier, and design and operation of systems to support the functional
performance of each barrier.

In maintaining the defense-in-depth philosophy the proposed license amendment
should not result in any substantial change in the effectiveness of barriers.
The following are review objectives to ensure that the proposed change
maintains appropriate safety within the defense-in-depth philosophy:

. the change does not resuilt In a significant increase in the existing
challenges to the integrity of the barriers;

» probability of failure of each barrier 1s not significantly changed by
the proposal;

. new or additional failure dependencies are not introduced among barriers
that result in a significant increase in the likelihood of failure
compared to the existing conditions; and

. the overall redundancy and diversity in the barriers 1S sufficient to be
compatible with the risk acceptance guidelines

In demonstrating the above, 1t 15 a staff expectation that, for the proposed
change:

. a reasonable balance among prevention of core damage, prevention of

8 SRP Chapter 19, REV L 03/27/97
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containment failure, and consequence mitigation is preserved;

. over-reliance on programmatic activities to compensate for weaknesses in
plant design is avoided;

. sysiem redundancy, independence, and diversity are preserved,
commensurate with the expected frequency and consequences of challenges
to the system;

. defenses against potential common cause failures are preserved and the
introduction of new common cause failure mechanisms is assessed;

. independence of barriers is not degraded; and

. defenses against human errors are preserved.

The above elements can be addressed by using qualitative or traditional
engineering arguments or by using PRA results contained in the model sequences
and cutsets.

Role of PRA in Review of Defense-in-Depth

In addition to the usual quantitative risk indices, PRAs provide important
qualitative results, namely, the accident sequence minimal cutsets. Each
accident sequence minimal cutset is a combination of passive and active SSC
failures and human errors that would cause core damage or a radioactivity
release. The cutsets therefore directly show one particular aspect of
defense-in-depth, in that they reveal how many failures must occur in order
for core damage or a radiological release to occur. The minimal cutsets
therefore show the effective redundancy and diversity of the plant design.

Events appearing in each minimal cutset are, in most cases, targeted by
programmatic activities to assure the reliability of the associated SSC.
Specific activities that are important in maintaining reliability of a
component include: inservice testing, inservice inspection, periodic
surveillance required by Technical Specifications, quality assurance, and
maintenance. Therefore, when a review of the minimal cutsets shows areas
where redundancy or diversity are already marginal, it would arguably be
inappropriate to reduce the level of activities aimed at ensuring SSC
performance, unless the activities can be shown to have little or no effect on
SSC performance or if it can be shown that uncertainties in the performance of
the elements in this cutset are well understood and quantified. It is also
possible that compensating or alternative activities could be proposed to
provide assurance of SSC performance. The objective of this review is to
avoid completely relaxing the defense-in-depth posture at points at which the
plant design has the least overall functional independence, redundancy, and/or
diversity. On the other hand, in areas where a plant has substantial
redundancy and diversity, defense-in-depth arguments used to justify
relaxations should be given appropriate weight.

9 SRP Chapter 19, REV L 03/27/97
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As part of the review of defense-in-depth, the effects of multiple component
failures that could potentially result from the proposed change should be

evaluated. For example, if all events in a cutset have been proposed for a
reduction in requirements, the reviewer should ensure that the effect of the

change is modeled properly and that the change does not have an adverse effect
on defense-in-depth.

Finally, in the review of sequence cutsets, attention should be given to
potential over-reliance on programmatic activities or operator actions that
compensate for weaknesses in the piant design. For example, proposed
maintenance and surveillance activities should complement and not replace
proper plant design.

I1.3.1.2 Safety Margins

In the determination of the design performance characteristics of a system,
safety margin represents an allowance for uncertainty in SSC performance.
Current safety analysis practices incorporate consideration of margin in most
areas. As examples, many engineering standards, licensing-analyses, and
technical specifications take margin into account.

Incorporating margin can resuit in over-designing of components, incorporation
of extra system trains or extre systems, or in conservative operating
requirements for systems and components. Therefore, some )licensee
applications will seek to reduce this margin in some areas. Reduction of
margin should appropriately reflect the current understanding of existing
uncertainties and the potential impact of the proposed change.

Therefore, as part of the review of the impacts of a proposed change, its
effects on sefety margins should be evaluated. For example, the reviewer
should establish that:

. engineering codes and standards or alternatives approved for use by the
NRC are met, or deviations are justified; and

. safety analysis acceptance criteria in the current licensing basis are
met, or proposed revisions provide sufficient margin to account for
analysis and data uncertainty.

Clearly, these items are closely related 1> guidance provided in section
11.3.1.3 regarding the need to maintain the current CLB. The thrust of the
guidance in the present section is to sensitize reviewers to the implications
of relaxing margin when evaluating the acceptability of changes to the CLB.

The level of justification required for changes in margin should depend on how
much uncertainty is associated with the performance parameter in question, the
availability of mechanisms to compensate for adverse performance, and the
consequences of functional failure of the affected elements. Therefore, the

10 SRP Chapter 19, REV L 03/27/97
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results from risk evaluations and the associated analysis of uncertainties,
especially in the analysis areas and mode]« affected by the application, »
provide useful information to help in the reviewer’:s gecision-making

In the evaluation of available safety marqine reviewers should also lo

the risk profile of the plant If a proposed CLE change creates or
éxacerbates a situation where risk i dominated by a few elements (SSCs ol
numan actions) or a few accident sequences. the impact should be carefully
evaluated by the reviewer If one or a few element < clearly dominate risk.
then the modeling of these items (including uncertainty) and the effect on
risk if they degraded should be reviewed more 1n detail, and the acceptability
of this contribution assessed.

In demonstrating available safety margins, licensees wil) in some cases cite
new data from plant tests or research projects, or analysis with models based
On new data to support their proposal The following examples 11 lustrate
S1tuations in which data and analysis can be used effectively to support the
CLB change request

to show that a phenomenon of conce tannot occur or-is less likely to
occur than originally thought

to show that the amount of safety margin in the design 1s significantly
greater than that which was assumed when the requirement or position was
imposed;

to show that time available for operator actions is greater than
originally assumed

The reviewer’s Primary objective is to verify the relevance and acceptability
to

of this new information with respect the CLB change request. Data that
apply directly to the original technical concern should be applied in the
decision process Depending on the circumstances, additional specific
guidance in the cognizant review branch may be available for reviewing the
quality and acceptability of the data However, the data or analysis must be
clearly applicable to the plant and specific Civcumstances to which it is
being applied.

1.3 Current Requlat

staff reviewers shouid be aware that the proposed change satisfies current
regulations (including the general design criteria) unless the licensee
explicitly includes a proposed exemption or rule change (i.e. a 50.12
"specific exemption" or a 2.80?2 "petition for rulemaking").

The current licensing basis alsc applies until modifications to it are
accepted by the staff. It is expected that many applicaticns will seek to
modify the CLB in risk-informed submittals. Applications that se

SRP Chapter 1
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qualitative changes to the CLB (such as moving components out of the scope of
a required program) should be reviewed 1n more detail with respect to defense-
in-depth and safety margins when compared to applications that seek to make
parametric changes (such as incremental changes to surveillance interval).

11.3.2 Risk Assessment

For an effective implementation of risk-informed regulatory approaches, the
reviewer should ensure that the licensee has demonstrated that the plant’s CLB
and actual operating conditions and practices are properly reflected in the
risk insights using the plant PRA modei. Otherwise, the risk assessment may
provide inaccurate or misleading information that will reguira careful
scrutiny before use in any regulatory decisionmaking process.

The development of a plant-specific, risk informed program will also require
that information te available to identify the app!‘(dt‘on»spe(ufz( SSCs and
human actions that contribute most significantly tc the plant’s estimated
risk. For each PRA basic event directly affected by the proposed application,
it is desirable for the licensee’s process to quantify the event using models
that capture the functicnal relationships between the application and the
event. The effects of proposed changes on parameters such as common cause
failure probabilities and potential increases 1n human error probabilities
should be addressed within the review process.

The characterization of the proposed change in terms of PRA model elements 1s
discussed in sub-section 11.3.2.1. The results of this determination of the
cause-effect relationships between the proposed application and the PRA models
will help define the scope and the level of detail reguired of the PRA to
support the app’ication Sub-sections 11.3.2.2 and 11.3.2.3 discuss these
topics.

Many applications, such as those involving changes 1in component test
intervals, allow explicit modeling of the impact of the proposed change in the
PRA and quantification of the expected change in risk using plausible models
of the impact of the change on $SC unavailability to the extent that the
affected components are included 1n the plant PRA. Therc are other possible
risk-informed applications where it may not be feasitie to expl . tly model
the cause and effect relationship because the actua: impact on cony . nent
unavailability resulting from the proposed change 1s nol clearly understood.
For applications such as these, the use of risk categorization techniques
provide a useful methed ito identify groups of less risk important SSCs that
are possible candidates for a graded approach to regulatory requirements.
Using such a categorizatior approach, 1t 1s still necessary to understand the
potential or bounding impact of the proposed change, and to assess the risk
impact through such bounding evaluations. In either the detailed
quantification approach or the risk categorization approach, risk resv ts
should be derived from analyses of appropriate quality. The guiuc’ines to
help in the review of PRA quality are discussed in sub section 11.3.7.4 and
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alsn in Appendix A of this SRP. Finally, the issues related to the
determination of risk contribution/component categorization are discussod in
Appendix C of this SRP,

11.3.2.1 Characterization of Change in Terms of PRA Model Elements

Where quantitative PRA results ar: used as part of a risk-informed evaluation
of a proposed change, the licensee should define the change in terms which are
compatible with the risk analysis, i.e., the risk analysis should be able to
effectively evaluate the effects of the change.

The characterization of the problem should include the establishment of a
cause-effect relationship to identify portions of the PRA affected by the
issue being evaluated. This includes (i) identification of the specific PRA
contributors for the particular application, (ii) an assessment of the
portions of the model which should be medified for the application, and (iii)
identification of supplemental tools and methods which could be used to
support the application. This will help define the scope and level of detail
of analysis required for the remaining steps of the change process.

General guidance for the identification of PRA model elements that may be
affucted by an application is tabulated in Table II-1 of this SRP. This
guidance, provided as a list of questions, will assist the reviewer in
establishing a cause-effect relationship between the application and the PRA
model. The answers to these questions should be used to identify the extent
t$ whigh the proposed change affects the design, operation and maintenance of
plant SSCs.

The reviewer should also verify that the effects of the proposed changes on
SSCs are adequately characterized in the PRA elements. For full scale
applications of the PRA, this should be reflected in a quantification of the
impact on the PRA elements. For applications like component categorization,
sensitivity studies on the effects of the change may be sufficient. For other
applications it may be adequate to define the qualitative relationship of the
impact on the PRA elements or may only require an identification of which
elements are impacted.

The review procedure in this element is therefore to verify that the effects
of the changes on SSC reliability and unavailability or on operator actions
are appropriately accounted for. Where applicable, the modeling and
quantification of the effects of the change should also be reviewed to ensure
that the models are appropriate and that the results can be supported by plant
and/or industry data.

11.3.2.2 Scope of Analysis
The necessary scope of a PRA supporting risk-informed requests will depend on
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the specific application. It is not required for risk-informed regulation
that licensees submit Level III PRAs that treat all plant operational modes
and all initiators. Instead, when full-scope PRAs are not available,
licensees should demonstrate that the needed findings are supportable based on
traditional engineering analyses, or other plant operational information that
address modes and initiators not analyzed in the base PRA.

For plant modes and initiators not analyzed in the PRA such as shutdown.
seismic, fire, floods and severe weather, the licensee should consider the
effects of the change and provide rationale why additional PRA analyses are
not necessary. This rationale could be addressed by assessing the level of
redundancy and diversity provided by the plant systems, system trains, human
actions, etc. for responding to these unanalyzed configurations. The licensee
should also show that the proposed change does not introduce unanalyzed
vulnerabilities and that redundancy and diversity will stil] exist in the
plant response capability after the changes are implemented

This issue is addressed acceptably if:
. The licensee addresses all modes and all initiator types using PRA.

OR

The licensee demonstrates that the application does not unacceptably
degrade plant capability, and does not introduce risk vulnerabilities or
remove elements of the plant response capability from programmatic
activities aimed at ensuring satisfactory safety performance for plant
modes and initiator types not included in the PRA

If the proposed change impacts unanalyzed plant modes or initiator
types, the licensee demonstrates that a bounding analysis of the change
in plant risk from the application (e.g., by qualitative arguments, or
by use of sensitivity studies) meets guidelines that are equivalent to
the acceptance g:'idelines specified in Section 2.4.2.1 of draft guide
DG-1061.

11.3.2.3 Level of Detail

Generally, the PRA should be detailed enough to account for important system
and operator dependencies (functional, operational, and procedural
dependencies). SSCs that are being depended upon for more than one function
should be modeled explicitly so that potential dependencies will not be
obscured in the evaluation process. Initiating events caused by the loss of
support systems should be modeled in detail if the failure of the SSCs that
could Tead to the initiating events could also result in failure of functions
that mitigate that event. For components affected by the application, the
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reviewer should verify that the models are detailed enough to account for
important system and operator dependencies. A check of the licensee failure
modes and effects analysis and a review of plant operating and emergency
procedures will be useful for this purpose.

The usefulness of PRA results in risk-informed regulation ijs dependent on the
level of resolution of the modeled SSCs. A component lavel of resolution
provides Insights at the component level. However, if a PRA is performed at a
system or train level, the Insights of the PRA will be limited to the system
or train leve) unless it can be demonstrated that component leve) insights can
be bounded by system or train level effects. The direct application of PRA
results will pe limited to those SSCs that are explicitly modeled as part of
PRA basic events Insights for S5Cs that are implicitly model ed (1.e.,
screened out, assumed not important, etc.) shal) only be used after additiona)
consideration of the effects of the proposed change on PRA assumptions,
screening analyses and boundary conditions.

SQe(ifwca?ly‘ the level of detail in the modeling of each SSC can be used to
cetermine the following:

. If the SSCs are modeled at the bzsic event level, 1.e., each SSC is
represented by a basic event (or sometimes, more than one if different
failure modes are modeied), risk insights from the PRA can be directly
applied to the Component modeled as long as the effects of the change

are considered appropriately,

If the SSCs are included within the boundaries of ~cher components
(€.9., the governor and throttle valves being in.luded in the pump
boundary); or if th "black boyes" or modules within
the PRA mode]: : Iculation of human

risk insights from the PRA can

0N can be mapped onto the
events (e.g., modules, S, -/ 1N question. In these cases it
should be noted that the mapping is relatively simple if the event is
ORed with the other module or HEP events. However, if the logic
involves AND gates, the mapping will be more complicated.

If the SSCs are omitted from the mode) because of inherent reliability
or if they are not modeled at all, risk insights on these Lomponents
should be obtained from an Integrated decisionmak1ng pProcess (such as an
Expert Panel) which revisits the assumptions or screening criteria which
supported the initial omission.

11.3.2.4 Quality of a PRA for Use in Risk-Informed Regulation

The baseline ris
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unacceptable safety consequences. It 1s therefore essential that the PRA
adequately represent the risk profile. To complement this, it 15 necessary
not only to identify significant risk contributors, but also to identify those
elements of the plant whose performance 15 responsible for reducing the risk
to acceptable levels, and address these elements adequately 1in licensee
programmatic activities.

Therefore, for risk-informed regulation, the foliowing criteria should be
satisfied.

. Reasonable “ssurance of PRA adequacy: The plant’s current licensing
basis and a..ual operating condition and practices are properiy
reflected in the plant PRA model

Robustness of results and conclusions: Results and conclusions must be
robust, and an analysis of uncertainties and sensitivities should be
carried out to show this “robustness”

Key performance elements are appropriately classified and performance 15
backed up by licensee commitments: FPRA results are dependent on plant
activities. They reflect not only inherent device characteristics but
also numerous programmatic activities, such a:s [ST. ISI, GOQA, and soO On.
Use of 2 PRA to justify relaxation of a requirement should therefore
imply a commitment to whatever programmatic activities are needed to
maintain performance at the PRA-credited levels that served as the basis
for the proposed relaxation.

Review of PRA Quality

Quality in the licensee’s technical analysis must be demonstrated in the
licensee request. wuicance in this area is provided in section 2.7 of DG-
1061.

staff review shall demonstrate that the PRA is of sufficient quality to
support the decision. The reviewer should evaluate the licensee process 10
ensure quality. In addition, for each applicatiun, cpecific findings should
be made regarding the quality of the PRA for that application At a minimum,
these findings should be based on a “focused-scope” staff review wiich will
concentrate on application specific attributes of the PRA. This includes a
review of the assumptions and elements of the PRA model that drive the results
and conclusions.

Appendix A of this SRP provides meore detailed guidance on several 1ssues
important to the app11cation-spec1f1c reviews of probabilistic evaluations
performed as part of risk-informed regulation.

In addition to the focused-scope review, the following factors should be

considered in determining the need for a more detailed and larger sCope staff
review of the PRA.
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. staff audits of the licensee's process for conducting a PRA have
identified practices which could affect the quality of the technical
analysis detrimentaliy;

. Results of the licensee’s analysis submitted in support of a licensing
action are in some way counter-intuitive or inconsistent with results

for similar plants on similar issues;

. The licensee’s analysis is part of a pilot application of PRA in a
regulatory activity;

& The PRA includes new methods that are unfamiliar to the staff.

Draft NUREG-1602 contains reference material that could be utilized to help in
the larger scope staff review of PRAs.

Quality Assurance Requirements Related to the PRA

To the extent that a licensee elects to use PRA as an element to enhance or
modify its implementation of activities affecting the safety-relatec functions
of SSCs, appropriate quality requirements will also apply to the PRA. In this
context, therefore, a licensee would be expected to control PRA activity in a
manner commensurate with its impact on the facility’s design and licensing
basis. Section 2.7 of DG-106]1 provides a description as to what guality
elements are applicable to the licensee’s PRA activities. The reviewer should
determine that the quality of analyses and performance programs which affect
safety-related equipment and activities, will meet the quality guidelines as
described in draft guide DG-1061.

11.3.2.5 Risk Impact Including Treatment of Uncertainly
Determination of Risk Impact from the Application

For many risk-i.formed applications, a quantitative estimate of the total
impact of a projosed action 1s expected to be performed. This includes the
evaluation of the absolute and/or relative changes in risk measures such as
core damage frequency (CDF) and large early release frequency (LERF). The
necessary sophistication of this evaluation depends on the justification
arguments and the magnitude of the potential risk impact. For those actions
justified primarily by traditional engineering considerations and for which
minimal risk impact is anticipated, a bounding estimate may be sufficient.
For actions justified primarily by PRA considerations fur which a substantial
impact is possible or is to be offset with compensatory measures, an in-depth
and comprehensive PRA analysis 1is generally needed.

The acceptance guidelines for changes to the plant’s risk profile are
discussed in section 2.4.2 of draft Reg Guide DG-1061. In the detailed
evaluation of risk significance, the following should be considered: baseline
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risk; change in the baseline risk; and risk in terms of COF and LERF. It is
necessary to address both internal and external events and all plant
operational modes, but it may be possible to accomplish this without a full-
scope PRA in all cases.

In accordance with DG-1061, it is expected that applications will result in a
net decrease in ric or be risk neutral for plants with CDFs at or above 1f-4
per reactor year or _ERFs at or above 1E-5 per reactor year. In these cases,
the reviewer should verify that proposed compensatory measures or plant
improvements would clearly offset risk increases from proposed relaxation in
current requirements. It is preferred that the net change in risk be
Quantified, however, risk improvements can also be demonstrated in a non-
guantitative sense as long as it can be clearly justified that the risk
ecrease will at least offset any risk increases.

For plants with base CDFs of less than 1€-5 per reactor year and base LERFs of
less than 1E-6 per reactor year, CDF increase of less than 1E-6 per reactor
year and LERF increase of less than 1£-7 per reactor year is allowed subject
to the principies and expectations as specified in Section I1.! of this SRP
being met. In the review ¢f where the plant stands in terms of the base risk,
the staff should evaluate licensee Justification of the base CDF and LERF.

For PRAs that are full scope (i.e., those that include all probabilistically
significant initiators and operating modes), the review could consist of the
verification of PRA quality as described in Section 11.3.2.4. For less than
full scope PRAs, or in cases where the base risk is close to the acceptance
guidelines (e.g., within a half order of magnitude of the guidelines), the
reviewer should also consider the licensee’s analysis of uncertainties as
described later in this section of the SRP. For comparisons in the change in
risk, the reviewer is referred to Sections 11.3.2.1, 11.3.2.2 and 11.3.2.3 of
this SRP.

In addition to the above guidelines, larger risk increases of 1E-5 in CDF and
1E-6 in LERF could be allowed subject to increased NRC management review. For
this to apply, the base CDF should be less than 1E-4 per reactor year and the
base LERF should be less than 1E-5 per reactor year. In the compilation of
information for management review, the staff should include:

© the scope, quality, and robustness of the analysis (including, but
not Timited to, the PRA), including consideration and quantification
of uncertainties;

©  the base CDF and LERF of the plant;

© the cumulative impact of previous changes (the licensee’s risk
management approach);

© consideration of the Safety Goal screening criteria in the staff’s
Regulatory Analysis Guidelines, which define what changes in CDF and
containment performance would be needed to consider potential
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backfits;

the impact of the proposed change on operational complexity, burden
on the operating staff, and overall safety practices; and

plant-specific performance and other factors, including for exampie,
siting factors, inspection findings, performance indicators, and
operational events.

Treatment of Uncertainties

The uncertainties in the PRA results should be taken into account in the

assessment of the risk impact and in the risk-informed decisionmaking process
to demonstrate the robustness of the results. The general approach to taking
uncertainty into account is discussed in section 2.4.2 of draft guide DG-106].

When required, the analysis of uncertainties should have the following
attributes:

~ It should reflect the uncertainties associated with each parameter and
provide an assessment of the confidence with which any numerical
guidelines are met.

There may be several
ain elements of the PRA
e model or assumption used is
appropriate both for the base case risk evaluation and for the analysis
of the impact of the change. In certain cases, it may be necessary to
perform sensitivity analyses using alternate models or assumptions to
demonstrate the robustness of the conclusions.

It should attempt to address uncertainty that is caused by potential
incompleteness of the scope of the PRA model. The licensee should
k of completeness eith

In the review of the analysis of uncertainties, the staff should:

. review the types and sources of uncertainty that have been identified by
the licensee, and how the uncertainties have been addressed with
reference to the decision guidelines provided in DG-1061;

identify if results are strongly impacted by the specific mode
assumptions adopted for the assessment of im ‘
and whether the sensitivity performed (if any)
are sufficient to address the most significant uncertainties with
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respect to these elements. (Care should be taken when the
characterization of a model uncertainty is such that the results fall
into a bimodal or multi-modal distribution, and one or more of the modes
exceeds the acceptance guidelines. The review of the results then
should be based on an evaluation of the significance of the hypotheses

associated with those modes that exceed the guidelines);

determine whether the limitations in scope of the PRA, and other
completeness issues have been addressed adequately by either limitation
of the scope of the application, or by a demonstration that the impact
of the unanalyzed portion of the risk on both the base case risk and on
the change in risk is bounded or can be neglected.

Ccumulative and Synergistic Effects from all Applications

The flexibility available to any given plant is not only a function of where
it started in terms of base risk. but also a function of how much risk
increase has taken place in preceding applications. As discussed in the next
section, licensee risk management practices are expected to keep the
cumulative increases low. The reviewer 1S expected to look at past changes in
the plant to see if large increases are being accumulated. The reviewer
should verify that:

each application is carried out with reference to a model that already
reflects previous applications;

the cumulative changes from license amendments are being monitored; and

the accumulation of applications has not created dominant risk
contributors.

Beyond cumulative effects, synergistic effects are also possible, not all of
which would emerce from a quantification of the PRA. For example, if
conventional importance ranking approaches are employed to determine
importance of $5Cs, 1t would be possible that multiple requirements could be
relaxed on certain “low” significant components under multiple applications.
1f the QA (potentially affecting the failure rate) and the test interval
(potentially affecting fault exposure time) were to be relaxed for the same
component, the component unavailability could increase more than expected
(since failure rate and fault exposure time combine multiplicatively in the
calculation of unavailability). If the effects of QA on failure rate could be
quantified convincingly, this would be addressed explicitly, but this cannot
presently be assured. As a result, there is potential for different
applications to lead to unintended and unquantified synergistic effects on
unavailability of a given component.

Synergistic effects on a given element can be addressed by showing that the
basic event model adequately reflects the effects of programmatic activities
and that the calculated unavailability, propagated through the PRA, 1is
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consistent with the needed performance with regard to the risk indices and the
defense-in-depth concept.

However, it is more straight-forward simply to not allow for the relaxation of
multiple programmatic requiremerts on a given component, unless demonstrable
Justification is provided that thz risk contribution from the component is
negligible for conditions covered oy the set of requirements. For example, if
IST is relaxed on a given component, it would be preferable not to relax QA as
well, unless good arguments are given for allowing this.

Risk Management

One of the goals of the review should be to ensure that in the course of the
licensee’s engineering evaluations, principles of risk management are applied
appropriately in the process of evaluating changes to current regulatory
requirements. For the purposes of this SRP, “risk management” will refer to
an approach to decisionmaking about safety that seeks to allocate available
resources and worker dose in such a way as to minimize the risk to public
health and safety from plant operations. The staff recognizes that there is a
point of diminishing returns in risk reduction and that some residual risk
will be associated with plant operation, but expects that an effort will be
made to identify reasonable measures to control this residual risk as part of
the risk-informed regulatory process.

Therefore, as a staff expectation, the process of risk management in risk-
informed decisionmaking should not be biased towards elimination of
requirements to the exclusion of safety enhancements that would convey a
worthwhile safety benefit. Licensees are expected to apply risk insights in
an unbiased way, and licensees who do not satisfy subsidiary safety objectives
(as defined in DG-1061) are expected to proactively seek safety enhancements
in conjunction with any risk-informed applications.

Allowed increases in the CDF and LERF from proposed 1icensee applications
should be small and any increases in the risk should not cause the NRC Safety
Goals to be exceeded. The size of an allowable individual risk increase (per
DG-1061) depends on the magnitude of the current plant risk. Net increases
should generally not be considered without some evidence of licensee effort to
identify measures to offset the risk increases caused by the proposed
relaxations.

Finally, when risk increases are proposed, reviewers should consider plant
performance and past changes to the licensing basis to ensure that there is no
pattern for a systematic increase in risk. Insights on the licensee
operational practices, management controls, risk management programs, plant
configuration control programs, or performance monitoring programs from
previous applications can be obtained from the NRC regional offices or from
documentation of NRC inspectic. activities.

11.3.3  Integrated Decisionmaking Process
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The acceptability of the proposed changes should be reviewed and determined in
an integrated fashion. The reviewer should verify that the results of the
traditional engineering analyses and the risk assessment have been used to
ensure that the principles listed in section I1.1 have been met. Due to the
scope and quality of the engineering analyses, careful examination of the
underlying assumptions in the analyses may be necessary to conclude with
reasonable assurance that the principles were satisfied.

As part of the integrated decisionmaking process, implementation and
monitoring strategies should be utilized to provide confidence in the results
of the underlying engineering analyses. In addition, compensatory measures
which reduce risk can be taken to offset incompleteness or uncertainties in
the analysis. Compensatory measures can aiso be used to offset a quantifiable
increase in risk with a non-quantifiable but expected improvements in safety.

To ensure that the underiying assumptions utilized in the PRA remain valid,
the integrated decisionmaking process should ensure that an appropriate set of
programmatic activities (e.g., IST, GQA, ISI, maintenance, monitoring) are
maintained for important elements of the plant response capability. In
addition, performance of compensating SSCs should be assured (through
programmatic activities) when these SSCs are used to help justify the
relaxation of requirements of other SSCs.

The process used by licensees to integrate traditional and probabilistic
engineering evaluations for risk-informed decisionmaking is expected to be
well-defined, systematic, repeatable, and scrutable. Appendix B of this SRP
provides review guidance and staff expectations of licensee integrated
decisicnmaking process.

11.4 Element 3: Develop Implementation and Monitoring Strategies

Implementation and monitoring strategies are important in most risk-informed
processes since they can provide early indication of SSC or other plant
performance under the proposed changes. In addition, these strategies may be
needed to ensure that the key assumptions or performance of key SSCs related
to a proposed change are effectively maintained. Section 2.5 of DG-1061
provides guidance for the suggested process in this submittal element.

A key element in the performance monitoring process is the verification of the
capability and availability allocated to SSCs which support the underlying
basis for the decisionmaking. This process should also include non-safety
related SSCs that are relied upon to justify the proposed change to the CLB.

The reviewer should evaluate the implementation and monitoring strategies
based on findings of the traditional engineering and probabilistic
evaluations.

When broad implementation is proposed over a short period of time, the
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reviewer should verify that this is consistent with the traditional
engineering evaluations, defense-in-depth (including common cause failure)
considerations, and risk evaluation models and assumptions. When there is a
need to gain additional performance insights given a change in requirements,
the reviewer should verify that a phased approach to implementation has been
proposed. If this phased approach involves plan implementation for different
SSC groups at different times, the basis for the selection of the SSC groups
and the timing should be reviewed.

When SSC or licensee performance can be affected by the proposed change, the
reviewer should ensure that monitoring strategies are proposed to evaluate

the performance over a period of time. This monitoring should be based on the
reliability/availability and key modeling assumptions allocated to SSCs in the
risk model (or on performance of operators, where appropriate) used to support
the proposed change in regulation. As such, the reviewer should ensure that
performance criteria chosen are consistent with the level of performance
allocated in the risk analysis.

wWhen monitoring that is already being performed as part of the Maintenance
Rule implementation is also proposed for the current application, the reviewer
should ensure that the performance criteria chosen are appropriate for the
application in question.

Licensee proposed corrective actions should also be reviewed as part of the
review on the monitoring program. If monitoring detects degradation, then
there should be provisions for the SSCs to be refurbished, replaced, or
tested/inspected more often (or a combination of these initiatives). The
selected action should be based on a root cause analysis of the degradation,
whether it is generic, age-related, etc. The reviewer should evaluate if the
information gathered during monitoring activities is extensive enough to
provide a timely indication of component degradation. Since many components
are inherently quite reliable, the limited tests on a 1imited number of
similar components may not provide adequate data, especially for newer plants
where aging effects may not be detected until the proposed program is fully in
place (and the advantages of a phased implementation are lost). One approach
to ameliorate this concern would be to obtain performance data of similar SSCs
at other plants with a range of operating times to 2xpand the apylicable
database over a range of component ages. Such a program would be =xpected to
provide a better chance of early detection of SSC reliability degrauation.

A review (or evaluation) of the impact on plant risk and SSC functionality,
reliability and availability given the proposed implementation and monitoring
plan should also be carried out. The benefits from the implementation and
monitoring programs should be balanced against any negative impact on risk.
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