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July 1, 1997

Mr. Christian A. Sanna
American Society of Mechanical Engineers
Nuclear Department M/S 13E 345
East 47th Street
New York, New York 10017-2392 i

Dear Mr. Sanna; I

At the last Nuclear Quality Assurance (NOA) committee meeting, I offered to
provide you with a copy of the Nuclear Regulatory Commission (NRC) risk-
informed guidance documents for review by NQA committee members. On June 25,
1997, a Federal Register Notice (FRN) annou1ced the availability of the
guidance documents, including guidance for graded QA, for public comment. The
FRN describes how to access the guidance documents through electronic means.
The FRN also delineates a specific set of questions for which the NRC requests
feedback from the puulic and outlines how comments should be transmitted to
the NRC. The public comment period will expire on September 23, 1997.

Please find enclosed a copy of the associated press release, the FRN, and a
set of the risk-informed guidance documents. Your members should be aware
that for applications such as graded QA the composite set of guidance
contained in Draft Regulatory Guide DRG-1061 and its companion Standard Review
Plan Chapter 19, as well as DRG-1064 for Graded QA is considered applicable.

If there are any general questions, you can contact the individuals identified
in the FRN or the press release. For specific questions regarding graded QA,
you can contact either myself at (301) 415-1017 or Mr. Robert Gramm at (301) .

415-1010.

Sincerely, |

Original signed by: Suzanne C. Black |

Suzanne C. Black, Chief
Quality Assurance and Maintenance Branch

i

Division of Reactor Controls I

and Human Factors
Office of Nuclear Reactor Regulation
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N cle:r Rigul:t:ry Cemmission
.

Office of"uhlic iffairs

Washington DC 20555

Telephone: 301/41s-8200 - E-mail: opa a nre. gov

No. 97-096

Juae 25,1997

NRC SEEKS PUBLIC COMMENT ON DRAFT GUIDANCE FOR POWER REACTOR LICENSEES ON USING RISK INFORMATION FOR LICENSING BASIS
CRANGES

The Nuclear Regulatory Corrmission is seeking public comment on drafts of four regulatory guides. three Standard Resiew Plan sections, and a NUREG document
designed to help power reactor licensees use risk information to make changes in their plants' licensing bases.

On August 16,1995, the NRC stalTpublished in the Federal Register a final policy statement on the use of probabilistic risk assessment methods

(a way ofestimating the risk associated with nuclear power plant accidents). It was the Commission's intent that risk information be used to enhance safety,

decision-making, make more eflicient use of agency resources and reduce unnecessary burdens on its licenser s.

To impliment the Commission's policy on the use of risk information in the regulatory process, NRC has descloped specific documents that are available for comment.
These are:

.

Draft regulatory guide DG 106.1 "An Approach for Using Probabilistic Risk A.sessment in Risk 'nformed Decisions on Plant Specific Changes to the Current Licensing
Basis," and its companion SRP, Chapter 19.

Drill regulatory guide DG-1062, "An Approach for Plant-Specific Risk-Informed. Decision Making: Insenice Testing," and its companion SRP, Chapter 3.9.7.
i

Draft regulatory guide DG-1064,"An Approach for Plant-Specific, Risk-informed & cision Making Graded Quality Assurance "

i ' Draft regulatory guide DG-1065, "An Approach for Plant-Specific, Risk-Informed I ecision Making: Technical Specifications * and its companion SRP, Chapter 161. and

Draft NUREG-1602, "Use of PRA in Risk-Informed Applications."

To fxilitate public comment. the NRC staff intends to conduct a workshop during the comment period to explain the drati documents and answer questions The time,,

* - location and agenda will be published in a future issue of the Federal Register and announced in the NRC's public meeting bulletin board.

The request for public comment has been published in the Jur: 25 edition of the Federal Register. Copics of the draft regulatory guides, Standard Review Plan sections and
NUREG report may be obtained by contacting Mark Cunningham, Ot? ice of Nuclear Regulatory Res : arch. T10-E50, U.S. Nuclear Regulatory Commission, Washington,,

D C. 20555-000l; telephone (301) 415-6189

i Written comments can be mailed to David L Meyer, Chief, Rules Ret iew and Directnes Branch, OtTice of Administration, Mail Stop T-6D59, U.S. Nuclear Regulatoryi
Commission, Washington, D C 20555-000), Written comments may also be hand-delivered to the NRC at 11545 Rockville Pike, Rocksille, Maryland, between 7:45 a mj and 4:15 p m. on normal feueral workdays.
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Typs=" NOTICE"

Department =" NUCLEAR REGULATORY COMMISSION"
Agency =" NUCLEAR REGULATORY COMMISSION"

Subject ="Use of PRA in Plant Specific Reactor Regulatory Activities:
Proposed Regulatory Guides, Standard Review Plar< HEADER >
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! NUCLEAR REGULATORY COMMISSION

Use cf PRA in Plant Specific Reactor Regulatory Activitiesii
!

Proposed Regulatory Guides, Standard Review Plan Sections, and
| Supporting NUREG
I

;

!AGENCY: Nuclear Regulatory Commission.
I

IACTION: Notice of availability. 1
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NUCLEAR REGULATORY COMMISSION
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Use of PRA in Plant Specific Reactor Regulatory Activities:
! Proposed Regulatory Guides, Standard Review Plan Sections,
>

I
Supporting NUREG and

AGENCY: Nuclear Regulatory Commission.

ACTION: Notice of availability.

.......................................................................
SUMMARY: Tre Nuclear Regulatory Commission has issued for public
comment drafts of four regulatory guides, three Standard Review Plan j

Sections, and a NUREG document. These issuances follow Publication of {
the Commission's August 16, 1995 (60 FR 42622) Policy statement on the
Use of PRA Methods in Nuclear Regulatory Activities,;

The NRC has
developed draft guidance for power reactc'r licensees on acceptable,

metheds for using probabilis;ic risk assessment (FRA) information ar i
insights in support of plant-specific applications to change the
current licensing basis (CLB). The use of such PRA information and'

guidance is voluntary. To facilitate comment, the commission intends to
conduct a workshop during the comment period to explain the draft
documents and answer questions. *ke .Mac* time, location and agenda
will be announced in a future issue of the Federal Register, Section VI
of this notice provides additional information on the scope, purposeand topics for discussion at the workshop.

DATES: Comment period expires September 23, 1997. Comments received
af',er this date will be considered if it is practical to do so, but the
Commission ~is able to assure consideration only for comment; receivedon or before this date.

ADDRESSES: Mail written comments to: David L. Meyer, Chief, Rules and
, Directives Branch, Office of Administration, Mail Stop T-6D59, U.S.
| Nuclear Regulatory Commission, Washington, DC 20555-0001.

In addition to written comments, please (1) attach a diskette
containing your comments, in either ASCII text or Wordperfect format
(Version 5.1 er 6.1), or (2) submit your comments electronically via

!RulemakingWebsite,the NRC Electronic Bulletin Board on FedWorld or the NRC's Interactive
l

r
i
' --.- page 34322 ----
|

| Deliver comments to 11545 Rockville Pike, Rockville, Maryland,
between 7:30am and 4:15pm, Federal workdays,

; Copies of the draft regulatory guides, standard review plan
! sections and NUREG are available for inspection and copying for a f ee

at the NRC Public Document Room, 2120 L Street NW. 6 Lower Level).,

i
_ _ . , . - _ , . _ . ,,



-Washington, DC 20555-0001. A free' single copy of these draft doctments.
*

to the extent of supply, may be requested by writing to DistributionServices, Printing, Graphics and Distribution Branch, U.S. Nuclear
Regulatory Commission, Washington, DC 20555-0001, or by Fax to (301)
415-5272. Electronic copies of the draft document

-

are also accet able
cn t ne NRC's Interactive RLle.naking Website through the NRC he
(http://www.nre.gnv). This site provides the same access as the

a page

FedWorld bulletin board, including the facility to upload comments as
files (any format), if your web browser supports the function.

For more information on the NRC bulletin boards call Mr. ArthurDavis, Systems Integration and Development Branch, NRC, Washington, DC
20555-0001, telephone (301) 415-5780s e-mail AXD3anrc. gov. For
information about the Interactive Rulemaking Website, contact Ms, CarolGallagheri (301) 415-5905; e-mail CAGanrc. gov.

The NRc subsystems on FedWorld can be accessed directly by dialingthe toll free number: 1-800-303-9672. Communication software parameters
should be set'as follows: pa*ity to none, data bits to 8, and stop bitsto 1 (N,8.1).

Using ANSI or VT-100 terminal emulation, the NRC NUREGs
and Reg Guides for Comment subsystem can then be accessed by selecting
the '' Rule Menu'' option from the ''NRC Main Menu.'' For further
information about options available for NRC at FedWorld, consult the'' Help /Information Center'' from the

'NRC Main Menu.'' Users will find
the FedWorld online User's Guides'' particularly helpful. Many NRCsubsystems and databases also have a '' Help /Information Center'' optionthat is tailored to the particular subsystem.

The NRC subsystem on FedWorld can also be accessed by a direct dial
phone number for the main FedWorld BBS, 703-321-3339, or by using
Telnet via Internet, fedworld. gov. If using 703-321-3339 to contactFedWorld,

the PRC subsystem will be accessed from the main Fedwarldmeru by selecting the '' Regulatory, Government Administration ard StateSystems,'' then selecting '' Regulatory, Information Mall.'' At that
point, a menu will be displayed that has an option ''U.S. NuclearRegulatory Commission'' that will take you to the NRC Online main menu.
The NRC Online area also can be accessed directly by typlug ''/go nrc''
at a FedWorld command line. If you access NRC from FedWorld's main
menu, you may return to FedWorld by selecting tne '' Return to
FedWorld'' option from the NRC Online Main Menu. However, if you accessNRC at FedWorld by using NRC's toll-f ree number, you will have full
access to all NRC systems but you will not have access to the mainFedworld system.

If you contact FedWorld using Telnet, you will see the NRC area and
including the Rules menu. Although you will be able to downloadmenus,

documents and leave messages, you will not be able to write comments or
upload files (comments). If you contact FedWorld using FTP, all files
can be accessed and downloaded but uploads are not allowed; -11 you
will see is a list of files without descriptions (normal Gopher look).
An index file listing all f'les within a subdirectory, withdescr.pt4cas,

is included. there is a 15-minute time limit for FTPaccess.

Although Fedworld can be accessed through the World Wide Web, like
FTP that mode only provides access for downloading files and does not
display the NRC Rules menu.

FOR FURTHER INFORMATION CONTACT: Mark Cunningham, Office of Nuclear
Regulatory Research, MS: T10-E50, U.S. Nuclear Regulatory Commission,

' washington,'DC 20555-0001, (301) 415-6189.

SUPPLEMENTARY INFORMATION:

I. Background
.

On August 16, 1995, (60 FR 42622) the Commission published in the
Federal Register a final policy statement on the Use of Probabilistic
Risk Assessment Methods in Nuclear Regulatory Activities. The policy
statement included the following policy regarding expanded NRC use of
PRA:

1. 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.

2. pRA and associated analyses (e.g., sensitivity studies,
uncertainty analyses, and importance measures) should be used in
regulatory matters, where practical within the bounds of the state-of-
the-art, to reduce. unnecessary conservatism associated with current
regulatory requirements, regulatory guides, license commitments, and
staff practices. Where appropriate, PRA should be used to support



, proposals for. additional regulatory requirements in accordance with 10*

CFR 50.109 (Dackfit Rule). Appropriate procedures for including PRA in.

the procers for changing regulatory requirements should be developedand followed. It is, of course, understood that the intent of this,

policy is that existing rules and regulations shall be complied with,

1 un. 'sa these rules and reg"19tions are revised.
3. pRA evaluations in support of regulatory decisions should be as

realistic as practicable and appropriate supporting data should be',

publicly available for review.
4. The Commission's safety goals for nuclear power plants and'

subsidiary numerical objectives are to be used with appropriate
consideration of uncertainties in making regulatory judgments on the1

need for proposing and backfitting new generic requirements on nuclear
-

power plant licensees.

It was the Commission's it. tent thst implementation of this policy
st 91ement would improve the regulatory process in three areas:,

1. Enhancement of safety decision making by the use of PRA|

jnsights,

2. More efficient use of agency resources, and
3. Reduction in unnecessary burdens on licensees.
In parallel with the develope.ent of Commission policy on uses of

risk assessment methods, the NRC developed an agency-wide
implementation plan for application of probabilistic risk assessment
insights within the regulatory process (SECY-95-079). This
implementation plan included tasks to oevelop Regulatory Guides (RG)and Standard Review Plans,

(SRP) in the areas of:
--General guidance,*

--Inservice inspection (ISI),1

-+I nervice testing (IST).,

--Technical specification (TS), and.

--Graded quality assurance (GQA).4

These RGs and SRPs are intended to help implement the Commission's
i August 1995 policy on the use of risk information in the regulatoryj process and to provide an acceptable approach for power reactor
; licensees to prepare and submit and NRC staff to review applications

for proposed plant-specific changes to the current licensing basis that
utilize risk inf ormation. Currently, draft RGs/SRPs have been developed
and are ready for comment in the areas of general guidance, IST and TS.,

A draft RG for GQA has also been developed and is ready for comment.,

No
SRP has been developed for GQA, since the NRC staff will utilize its<

inspection process

- -- page 34323 ----

in the GQA area. In addition, the NRC has prepared draft NUREG 1602,
''Cse of PRA in Risk-Informed Applications,'' to provide reference
information for licensees and NRC staff and it is also ready for public
comment. Each of these documents is discussed in more detail below.

II. An Overview of Draf t RGs, SRPs, and NUREG-1602

The specific documents available for comment are:
Draft regulatory guide DG 1061, ''An Approach for Using+

Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-
Specific Changes to the current Licensing Baals,'' and its companion
SRP, Chapter 19,

+ Draft regulatory guide DG-1062 ''An Approach for Plant-
Specific, Risk-Informed. Decision Making: Inservice Testing'' and its
companion SRP, Chapter J.9.7,

+ Draft regulatory guide DG-1064, ''An Approach for Plant-
Specific, Risk-Informed Decision Making: Graded Quality Assurance,''

+ Draft regulatory guide DC-1065, ''An Approach for Plant-
Specific, Risk-Informed Decision Making: Technical Specifications'' and
its companion SRP. Chapter 16.1, and

+ Draft NUREG-1602, ''Use of PRA in Risk-Informed
Applications.''

The purpose of the RGs and SRPs is to provide guidance to power
reactor licensees and NRC staf f reviewers on an acceptable approach for
utilizi..g risk information to support requests for changes in a plant's
CLB. The purpose of NUREG-1602 is to provide reference Anformation
useful in making decisions on the scope and attributes of PRA. The RGs
describe an alternate means by which licensees can propose plant-
specific CLB changes under 10 CFR Part 50. Adopting the approach of
these RGs is voluntary. Licensees submitting applications for changes
to their CLB may use this approach or an alternative equivalent
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approach. To encourage the use of risk information in such,

applications,=

burdsn reduction that use risk information as a supplementthe staff intends to give priority to applications Jor
traditional engineering analyses, to

consistent with the intent of the- Commission's policy. All applications that
.

improve safery w'.1 continueto receive high r'ty.

The general RG/SRP have been developed to provide an overall
*

framework and guidance that
where risk insights are used to supportis applicable to any proposed CLB changethe change. The application-specific RGs/SRPs (i.e., IST, TS, GQA) build upon and supplement the
general guidance for proposed CLB changes in their respective technical

,

areas. Each application-specific RG/SRP references the general RG/SRP
,

states that
guidance specific to the technical area being addressed.the general guidance is applicable and provides additional

,
4

;

licensees to use risk information by defining an acceptable frameworkThe guidance provided in these documents is designed to encourage
for the use of risk information on a plant-specific basis, and by4

promoting consisteacy in PRA applications.
It is expected that the

long-term use of risk information in plant-specific licensing actionswill result

significant aspects of plant design and operation.in improved safety by focusing attention on the more risk1

The draft guidance
of the analysis required to supportprovides flexibility to licensees by allowing them to define the scope|their proposed change and to
perform appropriate analysis to justify proposed changes to the plant'sCLB.

.

In conjunction with developing hese RGs and SRPs, the staff has
also been working with several licensees on pilot;

* informed regulation ir. applications of risk

gained to date in in'.eracting with licensees on these pilotthe technical areas listed above. The knowledge'

appl' estions has beer, used to help define the content> and guidaace
contained in these RGs/aRPs. Additional interactions are expected over
the next several months as work on these pilot

.

) applications continues
and licensees and other interested persons have an opportunity toreview the draf t 1

will be factored into the final RGs/SRPs.RGs/SRPs. The results of these additional interactions,

,

j

III. Policy Issues
.

]y

*
i

On May 15, 1996, $

recommend resolution of the following four policy issues associatedthe Commission requested the staff to identify and,

'

with risk-informed changes to a plant's CLBr
+ The role of performance-based regulation,

plant-specific application of safety goals,+

Risk neutral vs. increases in risk,, +

implementation of changes to risk-informed IST and ISI
+

j requirements.

On January 22, 1997,
(1 these issuest the Commission provided the following gaidance

A. The Role of Performance-Based Regulation in the PRA ImplementationPlan,

The Commission instructed the staff to include, where practical,
performance-based strategies in the implementation of the risk-informed
regulatory process. Furthermore, the Commission indicated that
application of performance-based approaches should not be limited to
risk-informed initiatives and that performance-based initiatives that
do not explicitly reference criteria derived from PRA insights should
not be excluded from consideration. The Commission also instructed the
staff to include in the PRA Implementation Plan, or in a separate plan,
how these performance-based initiatives will be phased into the overall
regulatory improvement and oversight program and to solicit inputindustry on (or develop on its own) from

additional performance-based
objectives which are not amenable to probabilistic risk analysis but
could be ranked according to, for example,
and phase in these initiatives. a relative hazards analysis,

B. Plant-Specific Application of Safety Goals

The Safety Goals policy statement, issued by the Commission in1986,
established two qualitative safety goals to help ensure thatnuclear power plant operations do not significantly increase risk to

individuals or to the society. The policy statement also defined tQuintitative Health Objectives wo
(QHO)

achievement of the qualitative goals.''for use ''in determiningSubsequently, the Commission
approved for use two subsidiary objectives derived from the Safety Goal
QHOs, one on core-damage frequency and one on containment performance,



.- ___ -_ , . _.- - - - -

for,use in assessing teactor designs for generic actions1
Commission approved the Safety Goals for use in generic actions. The
the intent that with

daciding how far to go when proposing safety enhancementsthey would define ''hov safe is safe enough'' in
a

.The ataff has considered the need for risk guidelines to support
.

?atory decision-makt.
.

t+-

.n plant-specific circumstances,that
the use of risk information remains complementary to traditiorec:gnizing

engineering-analysis and judgment.,

nalSpecifically,
the development of guidelines for plant-specific applicatiothe staff recommended
from the Commission's current Safety Goals and/or subsidiary obj

ns, derived

and requested Commission approval. ectives*

of safety goals and/or their subsidiary objectives.The Commission tentatively approved the plant-specific applicati;

on

C. Risk Neutral vs. Increases in Risk,

calculated plantThis policy issue is related to whether to allcw small increases ia

risk in approving a change to the CLB. n

--- page 34324
l

----

|

The commission approved small increases in risk under certain 1{
conditions, for proposed changes to a plant's CLB.i

approval the Commission noted that the terms In giving this

''small'' and ''under (certain conditions''4

require more aveci
se definition. The staff was

provide for explicit consideration of uncertainties. Criteria forrequested to provide a sound rationale for judging small increases and
,
'

,

|

judging small increases in risk should be conside (
maintaining reasonable assurance that red in the context of i

' hes *P and rafety. there is no undue risk to public
Moreover, the Commission asked the staff that,

of rist-informed guidance and review of applications regarding risk-
in its development

tinfermed initiatives,
to evaluate all safety impacts of proposed

changes in an integrated manner including the use of risk insights to ,

identify areas where requirements should be increased or improvements
'

! could/should be implemented.

!! D.
Implementation of Changes to Risk-Informed IST and ISI Requirements

This policy issue is related to identitying a means for
implementing risk-informed inservice inspection and testing programsuntil rulemaking is complete.
changes as exceptions to 10 CFR 50.55(a)The alternatives are to treatproposed

or to treat them as authorizedalternatives under the current rule. The Commission approved risk
informed ISI and IST changes as authorized alternatives under 10 CFR

,

*

50. 5 5a (a) (3) (1)
appropriate findings can be made.to approve the pilot plant applications, provided

:

(
instr"et ?d the staf f that In addition, the Commission

1.1 j

approve the alternative cannot be made, cases where the findings necessary to,

then the use of exemptionsshould be considsred. i

a

IV. Structure, Guidelines and Rationale for RGs/SRps

The approach described in each of the RGs/SRPs has four basicsteps. These are:

--Define the proposed changes
--Perform an integrated engineering analysis (which includes bothtraditional engineering and risk analysis) and use of an integrateddeciJion processi

--Monitoring and feedback to verify assumptions and analysisi and
--Document and submit proposed change.

!Five f undamental saf ety principles are described which should be
met in each application for a change in the CLB. These principles are: !

--The proposed change meets the current regulation. This principle
applies unless the proposed change is explicitly related to a requestedexemption or rule change (i.e., a 50.12 '' specific exemption'' or a2.802 '' petition for rulemaking''|i
--Defense-in-depth is maintainedi
--Sufficient safety margins are maintained;
--proposed increases in risk, and their cumulative effect, are smalland do not

cause the NRC Safety Goals to be exceeded;
- Performance-Lased implementation and monitoring strategies are
proposed that address uncertainties in analysis models and data and
provide for timely feedback and corrective actior.

- - - - _ _ - _ _ . - __ _
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.

These principles represent fundamental safety practices that
staff believes must be retained in any change to a plant's CLB tothe
maintain reasonable assurance that there is no undue risk to public
health and safety. Each of these principles is to be considered in the,

f ntegrated engineering enalysis and decision making process
The guidelines for assessing risk proposed in the RGs/SRPs are

.

derived from the Commission's Safety Goal Quantitative HealthObjectives (QHOs).
Damage Frequency (CDP)Specifically, the subsidiary objectives of Core

and Large Early Release Frequency (LERF)
used as the measures of risk against which changes in the CLE will be

are
essessed,
information'(offsite health effects).in lieu of the QHOs themselves, which require level 3 PRA ;

scope of PRA analysis needed, to avoid the large uncertaintiesThese were chosen to simplify the
associated with level 3 PRA analysis, and to be consistent with
previous Cummission direction to decouple siting from plant design.

The values used in the RGs/SRPs as guidelines for CDF and LERF were
selected to be consistent with the Safety Goal QHos and previous
Commission guidance. Specifically, a CDF value of 10'-4/RY is
proposed as the guideline where further increases in CDF would not be
acceptable (i .e. , plants with CDFa= 10^-4/RY would
be expected to propose changes that

result in CDF decreases or areneutral).
The CDP value of 10*-4/RY is the value endorsed by

the Commission in a Staf f Requirements Memorandum dated June 15
as a benchmark objective for accident prevention. For plants with CDFs

1990,,

<10' 4/RY, guidelines are proposed on chan7as in CDF
(DELTACDP) that ensure increases in risk from CLB changes are made
in small steps and that increased NRC 'nagement

attention is providedfor proposed changes that approach th. 3aidelines (i.e., CDFs in theran"s 10'-ffo.Y-10^-4/RY and
DELraCDF>10'-6/RY). The use of small steps is consistent
with a measured approach tallowing time for monitoring, feedback and
corrective action) and the values chosen for DELTACDP areconsistent with the Commission's Regulatory Analysis GuidelinesBR-00$8, Rev. 2). (NUREG/

The guidelines on LERF are derived from the Commission's Safety
Goal QHO for early fatality risk. A LERF value of 10"-5/RY is
proposed as the guideline where further increases in LERF would not beacceptable (i.e., plants with a LERF>= 10'-5/RY
would be expected to propose changes that result
are neutral). Similar to CDF, in LERF decreases or

a range is proposed where increased NRC-management
attention is required if LERF approaches the guideline

(i.e. , LERF in the range of 10 *-6/RY to 10^-5/RY) . ,

The value of 10'-5/RY for the LERF guideline corresponds to
that value,

estimated from existing PRA results, necessary to ensure
that the early-fatality QHO would be met without undue conservatism, Ineffect, the guideline value for LERF is a surrogate for the
Commiasion's QHO on early f atality risk. Guidelines for changes i.. LERF
(DELTALERF) are used that limit increases in risk to small values(i.e.,

DELTALERF < 10 * - 6 /RY) to ensure that increases are |
made in small increments, are consistent with the Regulatory Analysis 1

Guidelines and, similar to DELTACDF, require increased management '

attention when they approach the guidel .e value (i.e., DELTALERFin the range of 10*-7/RY to 10'-6/RY).
The CDF/DELTACDF and LERF/DELTALERF guidelines are intended

for comparison with a full-scope PRA (i.e., full power, low power and
. shutdown conditions and internal and external events). It is expected
that the cumulative impact of previous CLB changes will also be
reflected in the PRA. However, it is recognized that less than full-
scope PRA analysis will likely be acceptable for many proposed CLB
changes and the RG/SRP guidance is intended to allow licensees
flexibility to do analyses appropriate for their proposed change and to
allow the use of qualitative factors in the decision process. In
addition, mean values of CDF and LERF are to be compared against theguidelines. However, when a proposed change is closer to the
guidelines,

a more comprehensive uncertainty and sensitivity analysis
is expected that includes the consideration of qualitative f actors.
Only general guidelines on uncertainty / sensitivity analyses are
included in the ISs/SRPs to allow

i---- page 34325 ----

licensees flexibility to provide analyses appropriate for their
specific application.

!

Monitoring and feedback strategies are to be utilized in '

implementing the proposed CLB change to help verify assumptions and !

analysis and to allow for corrective action should performance be less )

, __ _ _ _ ,
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than assumed in the analysis, In addition, NRC expects licensees to
,

identify how and where their proposed changes will be documented as
-

part of the plant's CLB.
This should include documentation thatestablishes the basis for the changa, ensures that clearly

known and provides sufficient documentation to allow inspectic, and
commitments are.

e?'orcement, if appropriate. Related to the above, since there RJs/SRPs
allow the use of risk information at,d monitoring programs to support
CLB changes associated with safety related systems, structures and
components (SSCs), it is reasonable to expect that the quality of these

of other analyses and activities associated with safety related SSCsanalyses and monitoring programs should be consistent with the quality
(i.e., 10 CFR part 50, Appendix B,
Nuclear Power Ficnts and Fuel Reprocessing Plants'') .'' Quality Assurance criteria for
1061 includes guidar.ce regarding quality assurance, Accordingly, DG-

including thatassociated with the PRA,that ensures the pertinent requirements of 10CFR part
50, Appendix B are met. In addition, the draft RGs/SRPs use

the definition of CLB that is currently in 10 CFR part 54 '* License
Renewal. '' Although not of ficially incorporated in 10 CFR partdefinitict 50 thisis considered appropriate for use in these RGs/SRPs.As mentioned above,
utilize risk insights to improve safety,the draft guidance encourages licensees toas well as to propose
reductions of unnecessary burdens. The Commission's Safety Goals,

' subsidiary objectives and Regulatory Analysis Guidelines have been usedtheir

to derive guidelines for judging the acceptability of any calculated
risk increases associated with the proposed CLB change. In this regard,
a measured approach to reviewing and accepti 3 changes to CLBs that
17 crease risk has been taken. Specifically, the guidelines used
cocrespond to small calculated increases in risk. In theory, one could.corstruct

an even more generous regulatory framework for consideration
o' those risk-informed changes which may have the effect of increasing
risk to the public. Such a framework would include, of course,assurance of continued adequate protection (thatthe public health and safety which must level of protection of

be reasonably assured
regardless of economic cost), but it could alsa include provision for
possible elimination of all measures not neede ! for adequate protection
which either do not contribute to a substanti
risk or result in continuing costs which are notreduction in overall

justified by the
safety benefits. However, a more restrictive practice has been used
which would permit only small increases in :isk, and then only when it
is reasonably assured, among other things, that sufficient defense in
depth and safety margins are maintained. This practice is used because
of the uncertainties in PRA and to account for the fact that
issues continue to emerge regarding design, construction, andsafety
operational matters notwithstanding the maturity of the nuclear power
industry, In addition, limiting risk increases to small values is
considered prudent until such time as experience is obtained with the
methods and applications dise"ssed in the RCs/SRPs.

V. Comments

The staff is soliciting comments related to the guidance describedin the draft RGs, SRPs and NUREG-1602.
readers of this FRN will help ensure thatComrar.ts submitted by the

these draft documents have
appropriate scope, depth, quality, and effect15eness. Alternative
views, concerns, clarifications, and corrections expressed in p
comments will be considered in developing the final documents.
VI. Workshop

The Commission intends to conduct
-the material contained in the draft guides,a workshop to discuss and explainSRPs and NUREG-1602, and to
answer questions and receive commants and feedback on the proposeddocuments. The purposa of the work shop is to f acilitate the comment
process. In the workwap the staff will describe each document,

' basis and solicit comment and f edoack on their completeness,
its

correctness and usefulness. Since these documents cover a wide range of
technical areas, many topics will be discussed. Listed celow are topics
on which discussion and feedback are sought at the workshop
(1) Overall Approach

(A) Is it appropriate to apply the Commission's Safety Goals andtheir subsidiary objectives on a plant specific basis?

(B) Is it appropriate to allow, under certain conditions, changes{ to a pl.3t's CLB that increase CDF and/or LERF?
(C Is the level of detail in the guidance contained in the

croposed aegulatory Guides and SRPs clear and sufficient, or is more
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datailed guidance necessary? What level of detail is needed?,

(D)-

Are.the four elements of the risk-informed process descr'5ed in,

the Rsg Guidea and SRPs clear and sufficient?
; (E) Is the guidance on the treatment of uncertainties clear and |sufficient, or is additional guidance necessary? What addir',nal

.

guidance is neec
; (F) Is guidance on the acceptability and treatment of temporary Ichanges in the CLB (i.e.,-

temporary changes in risk) needed? If so,
'

;
what guidance and acceptance guidelines should be included? Should the
guidance be different for full-power operation vs a shutdown condition?

(G) Is it appropriate to use the definition of '' current licensing |basis'' included in 10 CFR 54 '' License Renewal,'' in these RGs/SRPs? '

~ What other definition would be more appropriate?,

(H) Should licensees be required to submit risk infor- atron in
support of proposed cr.anges to their CLB7

(I) Are the guidelines for quality described in DG-1061 sufficient
to ensure appropriate quality in those activities that
changes to the CLB for safety related systems, support proposed.

structures and
components? Are the appropriate provisions from 10 CFR 50, Appendix B,
'' Quality Assurance Criteria for Nuclear Power Plants and Fuel )

) Reprocessing plants'' applied to the PRA?
;(J) Should a licensee's PRA be required to be included in the NRC's i

docket
file and updated as necessary to reflect previous changes and

,

recent operating e:cperience?
(K) What other areas, besides graded QA, Tech Specs, IST and ISI

j could this process and these guidelines be applied to?
(2) Engineering Evaluation

(A) Are the proposed safety principles clear and sufficient? What
'

i,

lshould be clarified and/or added?*

* IB) Is sufficient guidance provided regarding the intent, scope,
and level of detail requested in the submittal with respect1

to them'inluation mi
the safety principles? What should be added? For example. l

1. Should there be different guidance on defense-in depth for thoseitems analyzed in th ;

e PRA versus those not analyzed? What should the |differences be?
2.

Should there be quantitative guidelines for determining the
suf ficiency of def ense-in-depth and safety margins?
---- page 34326 ----

(C) Is the guidance associated with the probabilistic analysis |sufficient? For example:
{l. Is additional guidance on the use of qualitative risk '

evaluations necessary? What additional guidance would be appropriate?
2. Are the proposed acceptance guidelines for CDF and LERF and

thanges in CDF and LERP appropriate? Are they too restrictive or too
liberal? What guidelines would be more appropriate?

3.
Is more specific or less detailed guidance needed on comparison

of PRA results with the CDF and LERP and the DELTACDF and !DELTALERF guidelines? '

4.
Should there be additional guidance on the number of proposed

risk increases which can be submitted in any given year?
5. Should there be separate LERF guidelines for PWRs and BWRa? Whatshould they be?
6. Should there be separate LERF guidelines for shutdown

conditions / external events? What should they be? '

7
Should there be a guideline on long term release f requency to

supplement LERF7 What should it be based upon?
B.

Is the guidance in Appendix B of DG-1061 for estimating LERF
sufficient? What else is needed? (It should be noted that the staff
intands to expand this guidance to cover shutdown conditions and
external events) .

9. Should there be acceptance guidelines for the use of PRA level 3(segment of PRA that includes estimation of consequences / health effects
and risk to the public) information? What guidelines would be
appropriate?

10. Should the acceptance guidelines specify a confidence level
that the pRA results should meet when being compared to the risk
guidelines? What is an appropriate confidence level?

11. Should a confidence level or uncertainty level be used todefine the '' management attention'' region in, lieu of a CDF and LERFrange?

(3) Performance Monitoring and Feedback

|
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(A)
in , regulation and regulatory practice,Should the use of performance monitoring be more widely applied*

or is it sufficient to implementit
throu;h the elements described in the proposed Regulatcry Guides?

4

,

(B) Is performance monitoring and feedback an appropriate element, .

' of tha risk-informed. process? Should it be used to a greater or lesser,

decree?
(C) is the guidance on performance monitoring and feedback elear

4

&nd sufficient? What should be improved?

(4) Graded Quality Assurance Regulatory Guide (DG-1064)

(A) Is the approach for determining the safety-significance of
plant SSCs appropriate? Is it sufficient to identify high and low
safety significant categories? Is the amount of risk analysis overly"

burdensome relative tc the potential benefits?
4 (B) Is the guidance in the proposed regulatory guide regarding the8

content of QA programs for low safety significant SSCs appropriate?What additional guidelines are needed, and/or what portions of the
proposed guidelines should be deleted?

(C) Are there any quantitative data that can be used to assess the*

risk impact (i .e . , CDF or LERF)
performance ? of reducing QA controls on equipment

,

(D) Is the prcaosed scope of graded QA, that includes safety-
.

related and other iaportant plant equipment as covered by theMaintenance Rule, appropriate?,

g (E)
Is the guidance on equipment-performance-monitoring strategies1 sufficient?

(F) Is the guidance sufficient regarding the QA controls for
safety-significant, but non-safety-related, equipmeat that should be
in-M ded in the licensee's QA program? What guidance should bs-included?

(G) Should the guidance allow for further removal of QA
requirements? In what areas should this be done and what guidance would
be appropriate? For example, is it appropriate for a graded QA program

<

to elimir-ate all requirements associated with some of the 18 criteria
specified in 10 CFR part 59, Appendix B?

t

(S) Technical Specifications Regulatory Guide (DG-1065) and SRP
,

(A) Are the proposed acceptance guidelines on incremental
conditional core damage probability and incremental conditional large'

early release probability from a single AOT change (SE-07 and SE-08,
; respectively) appropriate?

(B) Should there be a guideline on maximum conditional CDF/LERF
during an ACT7 What should it be?

1

(6) Inservice Testing Regulatory Guide '0G .052) and SRP

(A) PRA models of component unavailability typically use a
parameter lambda (< greek-l>) to characterize the component's failurerate, and this parameter is often considered to be a constant value. Inthe assumption of constant value for < greek-13 realistic? What
different values might be more ._alf-tic and what evidence" (data)supports the alternate values?

NB) Is it appropriate, as part of a risk-informed program, to
require licensees to look outside the ASME code boundary and identify,

cendidate components for testing and then apply ASME criteria to the
conduct of those tests? What is a reasonable way to deal with
relatively high-risk components that are not part of a currentlyprescribed IST program?

(C) Is it appropriate to use the ''other acceptable methods''
provision of 10 CFR 50,55a to implement changes to the CLB7

(7) NUREG-1602

(A) Draft NUREG-1602 provides reference material on the scope andquality of a SRA. Is the information in draf t NUREG-1602 complete and
correct? Is it useful as reference material in making assessments on an
application specific basis on the scope and quality of the risk
assessment to support that particular application? How could it be
improved? For example, should it specify acceptable PRA methods?

(B) Would draft NUREG-1602 be useful as a starting point to develop
a national consensus standard on PRA? What would be needed?(C) Is a national consensus standard on pRA needed or desirable?

VII. Paperwork Reduction Act Statement
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. These draf t regulatory guides contain information collections that*

=le subject to the Paperwork Reduction Act of 1995.
(44 U.S.C. 1501 etSeq.). These regulatory guides will be submitted to the Office of.

Mtnagsment and Budgat for review and approval of the information
.

colleccions before the final guides are published.1 .

VIII. Public Protection Notification
i

The NRC may not conduct or spo.mor, and a person is not required to
[ respond to, an information collection unless it displays a currently '|

valid OMB control number.

Dated at Rockvalle, Maryland, this 13th day of June, 1997. 1
i

Fcr the Nur; ear Regulatory Commission.
John C. Hoyle,

| Secretary of the Commission.
*

j[FR Doc. 97-16072 Filed 6 18 97; 8:45 aml
{ BILLING CODE 7590-01-P
*

.
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! FOREWORD:

i

j
The NRC's Policy Star-a-t (Ref.1) on probabilistic risk analysis (PRA) encourages greater use of this analysis

j technique toimprove safety '- ' --- at-ia: and improve regulatory ah-~y. The NRC stafI's PRA
.

larlamentarian Plan describes actmnes now underway or planned to expand this use. These activities include, fori
j

j example, provuhng ;M- for NRC inspectars an '- =:--; inspection resources an risk important eqmpment, as !j well as reassessmg plants with relatively high care damage f%d forpossible hacMtc
i

} Another actmty ader way in response to the pahey statement is the use of PRA in support of dariei== to modify
| m individual plant's cumet " ==: basis (CLB). This regulatory guide provides rM- on the use ofPRA
! findags and risk insights in support of hoensee requests for changes to a plant's curret heia basis (e.g.,
! request for hoense ===dmeate and tachaical p-eh= dianges under 10 CFR {{50.90-92. h does not address
! heennee-annated changes to the cumetheia- basis which do NOT reqmre NRC renew and approval (e.g.,
i ebanges to the facihty as described in the FSAR winch are the subject of 10 CFR (50.59). 7 i==a -initiated CLB
| changes winch me consistent with currently-spproved Staffpositions, e.g., rg.smery guides, standard review
; plans, branch technical positions, or the Standard Technical Sg 7--V==, are normally evaluated by the staff

using trad*=4 determiniene engmoerms analyses A housee would not be -*ad to submit risk information
,

; in support of the proposed change f me===a -unnstad CLB changes winch request changes which go beyond
I cemet Staffpostkais may be evaluated by the Staff using traditional detenumsuc engmamng analyses as well as;

the risk-infanned .yy.4 set forth in this regulatory gode A hoessee may be r-, - to subnut supplement =1
|

'

riskinfann=han or ';' 2=k informanon if such informanon is not ed==ined by the hcensee ifrisk
i unformaban an the p.vyeed CLB change is not provided to the Staff, the Staff will review the information f

i provided by the hoensee to determme if the application can be approved based upon the informanon provided using
traditional d--iaiaic methods and will either approve or reject the application based upon the Staffs review.

;
For those hcesce-initiated CLB changes which a heensee charwee to support (or is r-p ==M by the staff to

,

'

support) with risk information, this regulatory guide describes an =~~hle method for assessmg the nature and
j impact ofproposed CLB changes by u--A-g engmaenng issues and applying risk insights. I hm
j - X: risk information (whether an their own innative or at the request of the staff) should address cach of the

*

principles of risk. informed regulation diec-d in this regulatory guide ~. T % should identify how chosen
;

! approaches and methods (whether they are gn==titative or quahtanve, and h - =:c or pr4Minie), data, and
| crnma for =ncidermg risk are appropnate for the der >=ian to be made.
l

| Finally, the guidance .vaid here does not y..,4A other approaches for requestag changes to the CLB. Rather,v
j this R ' ;ary Gmde is ine-ded to improve -- ='=^ - yin regulatory decisions in areas in winch the resuhs ofrisk
! analyses se used to helpjustify regulatory acucm. As such, the pnnciples, process, and .yyid dan =ad herem
i also pumde useful r - for the applicanon of risk infannanan to a broeder set af activities than plant-specific

M

i sbanges to a plant's CLB (i.e., generic actmnes) and hermaec are s- .gd to utihan this yM-in that
regard.

I
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Introduction

1. INTRODUCTION .

l
r

- ,

5 |
' l.1 Background
;
.

During the last several years, both the NRC and the nuclear industry have recognized that probabilistic risk
'

assessment (PRA) has evolved to the point where it can be u,ed increasingly as a tool in regulatory
decisionmaking. In August 1995, the NRC adopted the following policy statement regarding the expanded use

,
' ofPRA.
4
:

The use of PRA technology should be ir ..acd in all regulato y matters to the extent supported
{ e

j 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.
e

PRA and associated analyses (e.g., sensitivity studies, uncertainty analyses, and importance| e
measures)should be used in regula+ory m::ters,where practicalwithin the bounds of the state-of-:

the-art, to reduce === wy conservatism associated with current regulatory requirements,
,

:

|
regulatoryguides, license commitments,and staff practices. Where syy.vgiaa, PRA should be
used to support the proposal of additional regulatory requirements in accordance with 10 CFR;
50.109 (Backfit Rule). Appropriate procedures for including PRA in the process for changing

!

j regulatorytequirements should be developed and followed. It is, of course, ur.i. stood that the
intent of this policy is that existing rules and regulations shall be complied with unless these rules;

and regulations are revised. si

.

PRA evaluations in support of regulatory decisions should be as realisti: as practicable ande
; appropriate supporting data should be publicly available for review.
,

f The Commission's safety goals for nuclearpower plants and subsidiary numerical objectives aree
to be used with appropriate consideration of uncertainties in making regulatoryjudgements en9

need for proposing and backfitting new generic requirements on nuclear power plant licensees.

In its approval of the policy statement, the Commission articulated its expectation that implementation of the
policy statement will i nprove the regulatory process in three areas: foremost, through safety decisionmakingj

j enhanced by the use of FRA insights;through more efficient use of agency resources; and through a reduction in
; unnecessary burdens on licensees.
j

In parallel with the publication of the policy statement, the staff developed an implementation plan to define and;

| organize the PRA-related activities being undertaken. These activities cover a wide range of PRA applications I
.

j and invelve the use of a variety of PRA methods (with variety including both types of models used and the detail

j of modeling needed). For example, one application involves the use of PRA in the assessment of operational

j events in reactors. The characteristics of these assessments permit relatively simple PRA models to be used. In

i contrast, other applications require the use of detailed models.

! The activities described in the PRA implementation Plan relate to a number of'gency interactions with thea
(

regulated industry. With respect to reactor regulation, activities include, for example, guidance development for
NRC inspectors on focusinginspection resources on isk-importantequipment, and a reassessment of plants with
relatively high core damage frequencies for possible backfit.

1

l,
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Introduction

This regulatory guide focuses on the use of PRA in a subset of the applications described in the staffs
implementation plan. Its principal focus, and that of the supporting staff document (draft NUREG-1602, Ref. 2),
is the use of PRA findings and risk insights in decisions on proposed changes to a plant's current licensing basis
(CLB).' Such CLB changes are expected to result in improved reactor safety by incorporating advances ir.
technologyand lessons learned from operating experience,or fixing vulnerabilities identified through analysis or
other means and, in addition, may result in the removal of unnecessarily burdensome regulatory practices.

The regulatoryguide also makes use of the Commission's Safety Goal Policy Statement. As discussed below, one
key principle in risk-informed regulation is that increases in risk be small and do not cause the NRC Safety Goals
to be ==W.. The Commision's Safety Goals (and associated quantitative health objectives (QHOs)) define
an acceptable level of risk which is a small fraction (0.1%) of other risks to which the public is exposed. The
==# = guidelines defined in this regulatory guide (in Section 2A.2) are based on subsidiary objectives derived
from the Safety Goals and their QHot,.

!

,

i
1.2 Purpose of the Regulatory Guide

Changes to many of the activities and design characteristics in a nuclear power plant's current licensing basis
recuireNRC review and approval. This regulatoryguide provides the Staff's recommendations for utilizing risk |

informaiton in support of licensee-initiated CLB changes requiring such review and approval. The guidance I

provided here does not preclude other approaches for reonesting CLB changes. Rather, this regulatory guide is|

intended to improve consimency in regulatory decisions in areas in which the results of risk analyses are used to
help justify 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 sepele for analyzing issues associaterl
with proposed changes to a plants's current licensing bases (CLB) and for assessing the impact of such proposedj

changes on the risk associated with plant design and operation. This guidance does not address the specific
analyses needed for each nuclear power plant activity or design characteristic that may be amenable to risk.;

informed regulation.

1.3 Scope of this Regulatory Guide

This regulatory guide describes an acceptable approach for assessing the nature and impact of proposed CLB
|

changesbyconsideringengineeringissuesandapplyingriskinsights. Assessmentsshouldconsiderrelevantsafety
margins and defense in-depth attributes, including consideration of success criteria as well as equipmenti

functionality, reliability, and availability. The analyses should reflect the actual design, construction, and1
'

operational practices of the plant. Acceptance guidelines for evalesting the results of such assessments are
provided also. This guide also addresses implementationstrategies and performance monitoring plans associated

>

. with CLB changes that will help ensure assumptions and analyses supporting the change are verified.

,

'This regulatory guide adopts the 10 CFR Part 54 dermition of currentlicensmg basis. That is,' Current Licensmg Basis
(CLB) is the set of NRC requirements applicable to a specific plant and a heensee's wrmen comamments for ensurms
compliance with and operanon with in applicabic NRC % .;; and the plant-specific design basis (including all
modificanons 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 and appendices thereto;
orders; l-w conditions; exemptions; and technical specifications. It also includes the plam-specific design-basis information
defmed in 10 CFR 50.2 as documented in the most recent final safety analysis report (FSAR) as required by 10 CFR 50.71 and

== such as licensee responses
the hcensee's commitments remaming in effect that were made in dodeled licerning 6,4
to NRC bulletas, generic leners, and enforcement acuens, as well as licensee commitroents documented in NRC safety
evaluations or licensee event reports -

1-2
March 28,1997
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j Introduction
!

Consideration of the Commission's Safety Goal Policy Statement is an important element in regulatory:

decisionmaking. Consequently, this regulatory guide provides acceptance guidelines consistent with the;

; Commission's Safety Goal Policy Statement.

|

| In theory, one could construct a more generous regulatory framework for consideration of those risk-informed

j changes which may have the effect ofincreasing risk to the public. Such a framework would include, ofcourse,

|
assurance of continued adequate protection (that level of protection of the public health and safety which must be
reasonablyassured regardless of economic 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 reduction in overall risk ;

or result in continuing costs which are not justified by the safety benefits. Instead NRC has chosen, in this
e

regulatoryguide, a more restrictive policy which would permit only small increases in risk, and then only when;

j it is reasonablyassured, among other things,that sufficient defense in depth and sufficient margins are maintained

i Dis policy is adopted because of the inherent uncertainties in PRA and to account for the fact that safety issues

! continue to emerge regarding design, constmetion, and operational matters notwithstanding the maturity of the
nuclear power industry. These factors suggest that nuc' ear power reactors should operate routinely only at a:

j prudent margin above adequate protection. He safety goal subsidiary objectives are used as an example of such
^

a prudent margin.
4

Finally,this regulatory guide indicates an acceptable level of documentation thra will enable the staff to reach a'

finding that the licensee has performed a sufficiently complete and scrutable analysis and that the results of the
engineermg evaluations support the licensee's request for a regu.atory change.

-

1.4 Relationship to Other Guidance Docuanents

Directly relevant to this regulatory guide is the Standard Review Plan (SRP) designed to guide the NRC staff
evaluations of licensee requests for changes to the CLB that apply risk insights, as well as selected application-
specific regulatory guides and the corresponding Standard Review Plan chapters. Related regulatory guides :

includeDG 1062(Ref.3)on inservicetesting, DG 1063(Ref.4)oninserviceinspectionofpiping,DG 1064(Ref. |

5) on graded quality assurance,and DG-1065 (Ref. 6) on technical specifications. Draft NUREG-1602 contair.: |
eference material on issues and methods for PR A that can be used to support regulatory decisionmaking. The

staff recognizes that the risk analyses necessaryto support regulatory decisionmaking may vary vdth the relative
weight that is given to the risk assessment element of the decisionmaking process. De burden is on the licensee
requesting a change to their CLB to justify why the chosen risk assessment approach, metheds, and data are
appropriate for the decision to be made.

.

.
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2. AN ACCEPTABLE APPROACH TO RISK-INFORMED
DECISIONMAKING

2.1 Risk-Informed Philosophy

In its approval of the policy statement on the use of PRA methods in nuclear regulatory activities, the
Comniission stated.an expectation that "the use of PRA technology should be increased in all regulatory
matters .ina manner that complements the NRC's deterministic approach and supports the NRC's traditional
defense-in-depthphilosophy." The use of risk insights in licensee submittals requesting CLB changes will
assist the staffin the disposition of such licensee proposals.

The staff has defined an acceptable approach to analyzing and evaluating proposed CLB changes. This
approach supports the NRC's desire to base its decisions on the results of traditional engineeringevaluations,
supported by insights (derived from the use of PRA methods) about the risk significance of the proposed
changes. Decisions concerning proposed changes are expected to be reached in an integrated fashion,
consideringtraditionalengineeringand risk information,and may be based on qualitative factors as well as
quantitative analyses and information.

In implementingrisk-informed decisionmaking, changes are expected to meet a set of key principles. Some
of these principles are written in terms typically used in traditional engineering decisions (e.g., defense-in-
depth). While written in these terms, it should be understood that risk analyses techniques can be, and are
encouraged to be, used to help ensure and show that they are met. These principles are:

.

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

2. Defense-in-depth is maintained.

3. Sufficient safety margins are maintained.

4. Proposed increases in risk , and their cumulative effect, are small and do not cause the NRC Safety
Goals to be exceeded.

5. Performance-basedimplementationand monitoringstrategiesare proposed that address uncertainties
in analysis models and data and provide for timely feedback and corrective action.

.

O
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Each of these principles
should be consideredin the

d",*"' risk-informed, integrated
decisionmakingprocess,as

"g, illustrated in Figure 1~
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Figure 1. Principles of Risk-Informed Regulation

The staffs proposed evaluation approach and acceptance guidelines follow from these principles, in
implementing these principles, the staff expects that:

* All safety impacts of the proposed change are evaluated in an integrated manner as part of an
overall risk managementapproach 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
undesirable. The approach used to identify changes in requirements should be used to identify areas
where requirements should be increased., as well as where they could be reduced.

' The staffis aware of, but does not endorse here, guidelineswhich have been developed (e.g., by NEI/NUMARC in NUMARC
91-04)(Ref. 7) to assist in identifying potentially beneficial changes to requirements.
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He acceptabilityofproposed changes should be evaluated by the licensee in an integrated fashion*

that ensures that all prh.ciples are met.2

Core damage frequency (CDF) and large early release frequency (LERF)' can be used as suitable*

metrics for making risk-informed regulatory decisions.

Increases in estimated CDF and LERF resulting from proposed CLB changes will be limited to small*

increments.

He scope and quality of the engineeringanalyses(including traditional and probabilistic analyses)
*

conducted tojustify the proposed CLB change should be appropriate for the nature and scope of the
change and should be based on the as-built and as-operated and maintained plant.'

Appropriate consideration of uncertainty is given in analyses and interpretation of findings.
e

ne plant-specific PRA supporting licensee proposals has been subjected to quality controls such
e

as an independent peer review.s

Data, methods, and assessment criteria used to support regulatorydecisionmakingmust be scrutable
e

and available for public review.

2.2 A Four-Element Approach to Integrated Decisionmaking

Given the principles ofrisk-informed decisionmakingdiscussed above, the staKhas identified a four-elemett

approach to evaluatingproposed CLB changes. This approach, which is presented graphically in Figure 2,
acceptablysupports the NRC's decisionmakingprocess. His approach is not sequential in nature; rather it
is iterative.

2

One important element ofintegrated decisionmaking can be the use of an " expert panel." Such a panel is not a necessary
componentof risk-informeddecisionmakmg;but when it is used, the key principlesand associan:d decision entena presented in this
regulatory guide still apply and must be shown to have been met or to be irrelevant to the issue at hand.

,

8

in this context,LERF is being used as a surrogate for the early fatality QHO. It is defined as the frequency of those accidents
leading to significant. unmitigated releases from containmentin a time frame prior to effective evacuation of the close-in population
such that there is a potential for early health effects. Such accidents generally include unscrubbed releases associated with early
containmentfailureat or shonly after vessel breach, containment bypass events, and loss of containment isolation. This deftnition

is consistent with accident analysis used in the safety goal screening criteria discussed in the Commission's Regulatory Analysis
Guidelines.

* Draft NUREG-1602 provides supplementalinformation on PRA attributes,

s As discussed in Section 2.4.2 below, such a peer review is not a replacement for NRC review.
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- Figure 2. Principal Elements of Risk-Informed, Plant-Specific Decisionmaking

23 Element 1: Define the Proposed Change
~

Element 1 involves three primary activities. Eirs, 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 t

regulations, final safety analysis report (FSAR), technical specifications, licensing conditions, and licensing i

commitments. Second the licensee should identifyall SSCs, procedures, and activities that are covered by
the CLB change under evaluation and consider the original reasons for inclusion of each program
requirement.

When considering CLB changes, a licensee may identify regulatory requirements or commitments in its
licensing bases that it believes are overly restrictive or unnecessary to ensure safety at its plant. Note that
the corollary is also true; that is, licensees are expected also to identify possible cases where design and
operational aspects of the plant should be enhanced. consistent with an improved understanding of their
safety significance. Such enhancements should be embodied in appropriate CLB changes which reflect
these enhancements. With this staff expectation in mind, the licensee should, third, identify available i

'

engineering studies, methods, codes, applicable plant-specific and industry data and operational experience,
PRA findings, and research and analysis results relevant to the proposed CLB change. With particular
regard to the plant-specific PRA, the licensee should assess the capabilityto use, refine, augment, and update
system models as needed to support a risk assessment of the proposed CLB change.

The above information should be used collectivelyto prende a description of the CLB change and to outline
the method of analysis. The licensee should descritn the proposed change and how it meets the objectives
of the Commission's PRA Policy Statement, including enhancad decisionmaking, more efficient use of
resources, and reduction of unnecessary burden. In addition to improvements in reactor safety, this
assessment may consider benefits from the CLB change such as reduced fiscal and personnel resources and
radiation exposure. In addition,the licensee should affirm that the proposed CLB change meetz the current
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regulations,unless the proposed change is explicitly related to a proposed exemption or rule change (i.e., a
'

50.12 " specific exemption" or a 2.802 " petition for rulemaking").
-

.

2.4 Element 2: Perform Engineering Analysis

As part of the second element, the licensee will evaluate the proposed CLB change with regard to the,

principlesthat adequate defense-in-depth is maintained, that sufficient safety margins are maintained, and
i

that proposed increases in risk, and their cumulative effect, are small and do not cause the NRC Safety Goals
to be exceeded.

i

The staffexpects that the scope and quality of the engineering analyses conducted tojustify the proposed
CLB change will be appropriate for the nature and scope of the change. The staff also expects that
appropriate consideration will be given to uncertamty in the analysis and interpretation of findings. He
. licensee is expected to use its judgment, drawing from the appropriate technical disciplines for the CLB .

change being considered, of the complexity and difficulty ofimplications of the proposed CLB change to
decide upon adequate engineering analyses to support regulatory decisionmaking. Thus, the licensee should
consider the appropriateness of qualitative and quantitative analyses, as well as analyses using traditional '

|
engineering approaches and those techniques associated with the use of PRA findings. Regardless of the

.

| analysis methods chosen, the licensee must show that the principles set forth in Section 2.1 have been met '

j through the use of scrutable acceptance guidelines established for making that determination.
,

Some proposed CLB changes can be characterized as involving the categorization of SSCs according to '

safety significance. An example is grading the application of quality assurance controls commensurae with
the safety significance of equipment. He licensee's analyses of the impact of the proposed CLB change
should address each of the key principles of risk-informed regulation (discussed previously in Section 2.1
of this regulatoryguide). Like other applications,the staff's review of CLB change requests for applicatiors - .

involving safety categorizationwill be accordingto the acceptance guidelineswhich are associated with each ,

key principle and which are presented in this regulatory guide (see Sections 2.4.1,2.4.2,'and 2.5), unless
equivalent guidelines are proposed by the licensee. Since risk importance measures are often used in such
categorizations, guidance on their use is provided in Appendix A of this regulatory guide. For such 'CLB
changes, guidelines associated with the adequacy of programs (in this example, quality controls)
implemented for different safety significant categories (e.g., more safety significant and less safety

'

significant)are addressed in other application-specific regulations and guidance documents. Licensees are
encouraged to apply risk-informed f'mdings and insights to decisions (and potential CLB requests) associated
with what are appropriate, for instance, test methods, surveillance intervals, or quality controls.

2.4.1 Evaluation of Defense-in-Depth Attributes & 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. Design basis accidents (DBAs) play a central role in nuclear

'

power plant design. DBAs are a combination of postulated challenges and failure events against which
plants are designed to ensure adequate and safe plant response. During the design process, plant response
and associated safety margins are evaluated using assumptions which are intended to be conservative.

April 4,1997 2-5 0 0-1061
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National standards and other considerations such as defense-in-depth attributes and the single failure
criterion constitute additional engineering considerations that influence plant design and operation. Margins
and defenses associated with these considerations may be affected by the licensee's proposed CLB change
and, therefore, should be reevaluated to support a requested CLB change. As part of this evaluation, the
impact of the proposed CLB change on affected equipment functionality, reliability, and availability should
be determined.

2.4.1.1 Defense-in-Depth

He engineering evaluation conducted should evaluate whether the impact of the proposed CLB change
(individuallyand cumulatively)is consistentwith the principle that defense-in-depth is maintained. In this
regard, the intent of the principle is to assure that the philosophy of defense-in-depth is maintained, not to
prevent changes in the way defense-in-depthis achieved. The defense-in-depthphilosophyhas traditionally
been applied in reactor 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. Where a comprehensive risk analysis can be done, it
can be used to help determine the appropriate extent of defense-in-depth (e.g., balance among core damage
prevention, containment failure and consequencemitigation)to ensure protection ofpublic health and safety.
Where a comprehensive risk analysis is not or cannot be done, traditional defense in-depth considerations
should be used or maintainedto account for uncertainties, ne evaluation should consider the intent of the
general design criteria, national standards, and engineering principles such as the single failure criterion.
Fmther, the evaluation should considerthe impact of the proposed CLB 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 licensee should select the engineering analysis techniques, whether
quantitative or qualitative and traditional or probabilistic, appropriate to the proposed CLB change.

The licensee should assess whether the proposed CLB change meets the defense-in-depth principle.
Defense-in-depthconsists of a number of elements, as summarized below. These elements can be used as
guidelines for making that assessment. Other equivalent acceptance guidelines may also be used.

Defense-in-depth is maintained*

a reasonable balance among prevention of core damage, prevention of containment failure,
e

and consequence mitigation is preserved

over-reliance on programmatic activities to compensate for weaknesses in plant design is
e

avoided

system redundancy, independence, and diversity are preserved commensurate with thee

expected frequency and consequences of challenges to the system (e.g., no risk outliers)

defenses against potential common cause failures are preserved and the potential for
e

introduction of new common cause failure mechanisms is assessed

DG-1061 2-6 April 4,1997
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independence of barriers is not degraded*

defenses against human errors are preserved*

2.4.1.2 Safety Margins

The engineering evaluation conducted should assess whether the impact of the proposed CLB change isconsistentwith the principle that sufficientsafety margins are maintained. Here also, the licensee is expectedi
to choose the method of engineering analysis appropriate for evaluating whether sufficient safety marg nsid li f

would be maintainedif the proposed CLB change were implemented. An acceptab'le set of gu e nes or
makingthat assessmentare summarized below. Other equivalent acceptance guidelines may also be used.

Sufficient safety margins are maintained*

codes and standards or alternatives approved for use by the NRC are inet*

safety analysis acceptance criteria in the current licensing basis (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 may be found in the application-specific
regulatory guides.

Evaluation of Risk Impact, Including Treatment of Uncertainties2.4.2

As noted in Section 2.1, the licensee'srisk assessmentshould be used to addressthe principle that proposed
increases in risk, and their cumulative effect, are small and do not cause the NRC Safety Goals to be
exceeded. For purposes ofimplementation,the licensee should assess the expected change in core damage
frequency (CDF) and large early release frequency (LERF). The necessary sophistication of the evaluation,
includingthe scope of the PRA (e.g., internal events only, full power only), depends on the contribution the
risk assessmentmakes to the integrated decision-making, which depends to some extent on the magnitude
of the potentialrisk impact. For some CLB changes for which a more substantial impact is possible, an in-
depth and comprehensive PRA analysis of appropriate scope to derive a quantified estimate of the total
impact of a proposed CLB change will be necessaryto provide adequate justification. In other applications, calculated risk importance measures or bounding estimates will be adequate. In still others, a qualitative
assessment of the impact of the CLB change on the plant's risk may be sufficient.

'Ihe PRA performed should realistically reflect the actual design, construction, and operational practices.
Consequently, the PRA used to support risk-informed decisionmaking is expected to reflect the impact of
previous changes made to the CLB.

The remainderof this section discusses the use of quantitative PRA results in decisionmaking. One of the

strengths of the PRA framework is its ability to provide a means of characterizing the impact of analyticaluncertainty,and it is essentialthat these uncertainties be recognized when assessing whether the principles
|Do.1061
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are being met. To provide a vehicle for consistencybetween submittals and the review of those submittals,
the followingguidelines on how to address uncertaintyin the decisionmakingprocess are providei The first
step is the definition of a set of quantitativeacceptance guidelines. Second, the role of uncatainty analysis
in decisionmaking is discussed. The staff's decision on the proposed license amendment will be based on
its independentjudgment and review, as appropriate, of the entire application.

2.4.2.1 Acceptance Guidelines
.

The risk acceptanceguidelinespresented in this regulatoryguide are based on the principles and expectatiors
for risk-informedregulation discussed in Section 2.1. For the purposes of establishing guidelines for risk-
informed decisionmaking, a core damage frequency (CDF) guideline of IE-4 per reactor year (annual
average of CDF) has been adopted in this regulatory guide. (with additional management attention for the
IE-5 to IE-4 per reactor year range). A large early release frequency (LERF) of IE-5 per reactor year
(annual average of LERF) has been adopted as a con:ainment performance guideline.(with additional
management attention for the IE-5 to IE-6 per reactor year range). These guidelines are intended for
comparison with a full scope PRA (including internal events, external events, full power, low power and
shutdown). However,it is recognized that many PRAs are not full scope and the use ofless than full scope
PRA information may be acceptable as discussed in Section 2.4.2.2 of this regulatory guide.

The acceptance guidelines have the following eieraents:

For a plant with a mean core damage frequencyat or above IE-4 per reactor year (the Commission's
*

sub.sidiary core damage frequencyobjective)or with a mean LERF at or above 1 E-5 per reactoryear,
it is expected that applications will result in a net decrease in risk or be risk neutral.

For a plant with a mean core damage frequency ofless than 1E-4 per reactor year, applications will
*

be considered which, when combined with the LERF guidelines described below:

Result in a net decrease in CDF or are CDF-neutral;
*

Result in increases in calculated CDF that are very small(e.g., CDF increase ofless than
e

1E-6 per reactor year); or

Result in an increase in calculated CDF in the range of IE-6 to IE-5 per reactor year,
*

subject to increased NRC technicaland managementreview and considering the followingfactors:
.

He scope, quality, and robustness of the analysis (including, but not limited to, the
*

PRA), including consideration and quantification of uncertainties;
ne base CDF and LERF of the plant;e

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 backfits;

.
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The impact of the proposed change on operational complexity, burden on thee
operating staff, and overall safety practices; and
Plant-specific performance and other factors, including, for example, siting factors,e
mspection findings, performance indicators, and operational events.

AND

For a plant with a mean LERF of between 1E-6 and IE-5 per reactor year:e

Result in a net decrease in LERF or are LERF-neutral;e
Result in an increase in calculated LERF of up to 1 E-5 per reactor year, subject to increasede
NRC technical and management review, as described above;

OR
,

For a plant with a mean LERF ofless than 1E-6 per reactor year:e
t

Result in a net decrease in LERF or are LERF-neutral;e.
Result in increases in calculated LERF that are very small(e.g., LERF increase of less thane
1E-7 per reactor year); or
Result in an increase in calculated LERF of up to 1E-6 per reactor year, subject to increased' e
NRC technical and management review, as described above.

;

De rigor of analyses needed to support the different types of appliutions is discussed in Section 2.4.2.2
below.

2.4.2.2 Comparison of PRA Results with the Acceptance Guidelines

In comparing estimates of plant risk (i.e., calculated plant CDF and LERF) and changes in these metrics as
|

! a result of CLB changes with the acceptance guidelines,it is necessaryto take into account the uncertainties

! in the analysis. His section provides guidance on the comparison of tiie PRA results with the acceptance . ~
guidelines with particular reference to the role of uncertainty analysis.

Types of Uncertainty and Methods of Analysis

Because they are generally characterized and treated differently, it is useful to identify three classes of
uncertainty: parameter uncertainty, model uncertainty, and completeness uncertainty.

Estameter Uncertainty Paranieter uncertainties are those associated with the values of the fundamental

| parameters of the PRA model, such as equipment failure rates, initiating event frequencies,and human error
probabilities that are used in the quantification of the accident sequence frequencies. They are typically

'

characterized by establishing probability distributions on the parameter values. It is straightforward and
I within the capability of most PRA codes to propagate the distribution representing uncertainty on the basic ,

April 4,1997 2-9 Do-1061 ;
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parametervalues to generate a probability distribution on the results (CDF, accident sequence frequencies,
| etc.) of the PRA. This is in fact the only practical way of generating a mean value of the CDF. However,
; the analysis must be done carefullyto correlate the sample values for different components from a group to

which the same parameter value applies (the so-called state of knowledge dependency).,

; Parameter uncertainties can be explicitly represented and propagated through the PRA model, and the
probability distribution of the relevant metrics (i.e., CDF and ACDF, and LERF and ALERF) can be

i,

generated. Various measures of central tendency, such as the mean, median and mode, can be evaluated.
j In principle, the distributions can be used to assess the confidence with which the guidelines are met.
! However,it is abo instructive to study the contributorsto see whether it can be determinedwhether the tails

j of the distributionsare being determined by uncertaintieson a few significant elements of the model. If so,
these elements can be identified as candidates for comp-a=*my measures and/or monitoring during;

j integrated decisionmaking.
; 1

! Model Uncertaintv There are also uncenamties as to how to model certain elements of the PRA. Model

| uncertainty may be analyzed in different ways. It is possible to include some model uncertainty by
; incorporatingwithin the PRA model a discrete probability distribution over a set of models for a particular
'

issue. His has been done for the modeling of seismic hazard, for example, where the result is a discrete
'

probability distribution on the frequencies of earthquakes. His uncertainty can then be propagated in the
! same way as the parameter uncertamties. Other methods are also available. For most Level 1 FRAs, there

i are few model uncertainties explicitly represented in the model structure. IaW, where it is necessary to
j address issues that are uncertain, e.g., success criteria, it is more usual for the analysts to adopt a specific

j assumption or modeling approach. Dus the effect of model uncertaintiesis generally to introduce some type
: of bias into the results.

:
!- here are significant model uncertainties in Level 2 PRAs, particularly in the modeling of the

phenomenologyofaccidentprogressionandthemechanismsforthereleaseoffissionproducts. Again,some
uncertainties are addressed by making specific assumptions. Ilowever, others may be incorporated in the
level 2 analysis by, for example, including within the structure of the containment event trees a set of

possible outcomes for the uncertain issues. NUREG-1150 (Ref. 8) provides examples of an attempt to , ' ~
characterize the full impact of the uncertainty. In many PRAs, however, the conditional containment
probabilities or large early release fractions represent an average over these outcomes.

It is often instructive to understand the impact of a specific assumption on the predictions of the model. He
impact of using alternate assumptions or models may be addressed by performing appropriate sensitivity
studies, or they may be addressed using qualitative arguments.

Comoleteness Uncertainty Completenessis not in itselfan uncertainty,but a reflection of scope limitations.
De result is, however, an uncertainty about where the true risk lies. He problem with completeness
uncertaintyis that, because it reflects an unanalyzed contribution,it is difficult (if not impossible)to estimam
its magnitude. Hus, for example, the impact on actual plant risk from unanalyzed issues such as the
influences of organizational performance cannot now be explicitly assessed.

DG-1061 2-10 April 4,1997



.a

Draftfor Comment Acceptable Approach

The issue of completeness of scope of a PRA can be addressed by either supplementing the analysis with
additional analysis to enlarge the scope, using more restrictive acceptance guidelines, or by providing
argumentsthat, for the applicationofconcern,the out-of-scopecontributorsare not significant. Acceptable
approaches to dealing with incompleteness are discussed in the next sectioa. :

Comparisons with Acceptance Guideline.;

The purpose of this section is to provide guidance on how to compare the results of the PRA with the
acceptance guidelines described in Section 2.4.2.1. In the context of decisionmaking, the acceptance

guidelines should nat be interpreted as being overly prescriptive. They are intended to provide anindication,innumericalterms,ofwhatisconsideredacceptable. Assuch,thenumericalguidelinesdescribed
;

i

in this regulatory guide are approximate values that provide an indication of the changes that are generally
|
'

acceptable. Furthermore,the epistemic uncertaintiesassociated with PRA calculationspreclude a definitive~

decision of acceptabilityor unacceptabilitybased purely on the numerical results. The intent in making the

comparisonof the PRA results with the acceptance guidelines is to demonstrate with reasonable assurancethat Principle 4, discussed in Section 2.1, is being met. This decision must be made based on a full
understandingof the impacts of the uncertainties, both those that are explicitly accounted for in the results
and those that are not. This is a somewhat subjective process, and the reasonmg behind the decisions must
be well documented. I

The three types of uncertainty can be addressed as follows to demonstrate reasonable assurance: 1) those
uncertainties that are explicitly quantified in the model (parameter uncertainties and some modell i

. uncertainties)do not produce a probabilitydistribution on the estimated value of CDF or LERF that resu ts
in a low level of confidence that the goal is met; 2) the adcption of specific modeling does not overly bias
the results in favor of the change and alternate, but reasonable, modeling assumptions would not alter the
decision (model uncertainty); and,3) the contributors to risk that are not modeled would not alter the
decision significantly (completeness uncertainty). The discussion presented here addresses quantitative

.

analyses of uncertainties; qualitative arguments may be appropriate for specific CLB changes.

The level of detail required in the analysis of uncertamtywill depend on the CLB change being considered,
the base case estimates of CDF or LERF, and the potentialimpact of the change on those metrics. The closer
the base case estirnates and the estimates of the impact of the change are to their corresponding acceptance
guidelines, the more detail will be required. In contrast, if, as an example, the estimated change in a
particular metric is very small compared to the acceptance goal, a simple bounding analysis or even a
qualitative analysis may suffice.

'

Changes resulting in a net decrease in the CDF and LERF estimates are allowed irrespective of the calculated
baseline CDF and LERF. Generally,it should be possible to argue on the basis of an understanding of the
contributors and the changes that are being made that the overall impact is indeed a decrease, without the
need for a detailed uncertainty analysis. ,

in the initial comparison of the PRA results to the acceptance guidelines,the appropriate numerical measures
to use are mean values. In gener.1, if the change is such that it would result in either the point estimate or '

mean value of the CDF or LERF or the correspondingincrease (ACDF or ALERF) exceeding its guideline,
1
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|

the change will not be approved unless, for example,it is shown that there are unquantified benefits that are
not reflectedin the quantitativerisk results. In addition, if convincing qualitative arguments are made that
the analysis is conservative,or compensatorymeasures are proposed to counter the impact of the major risk
contributors, even though the impact of these measures may not be estimated numerically, then such
arguments will be considered in the decision process. Finally, changes which result in very small increases
in the estimates of CDF or LERF might be allowable even for plants for which the base case approaches the
guidelines, but again, only if additional qualitative arguments can be made as discussed above.

If the mean value of a measure were to lie near the corresponding g iideline a full parametrie, uncertainty
analysis will allow an assessment of the confidencewith which the guideline is met. ' Because of the nature
of PRA analyses,it is not reasonable to be so prescriptive about the acceptable level of confidence; changes
could still be allowed when lower levels ofconfidence are calculated when, as discussed above, convincing
qualitative arguments that the true values are less than the calculated values can be b ought to bear. Such
arguments can only be made with a full understanding of the contributors to uncertainty.

While the analysis ofparametric uncertainty is fairly mature, the analysis of the model and completeness
uncertainties cannot be handled in such a formal manner. Whether the PRA is full scope or only partial
scope, it will be incumbent on the licensee to demonstrate that the choice ofreasonable alternate hypotheses
or modeling approximationsor methods to those adopted in the PRA model would not significantly change
the assessment. The alternatesthat would drive the result towa4ds unacceptability should be identified and
reasons given as to why they are not appropriate for the current application or for the particular plant.
Alternatively, this analysis can be used to identify candidates for compensatory actions or increased
monitoring. The licensee should concentrate its attention on those assumptions which impact the parts of
the model being exercised by the change.

When the PRA is not full scope, then it is necessary for the licensee to address the significance of the out-of-
scope items. The importance of assessing the contribution of the out-of-scope portions of the PRA to the
base case estimates of CDF and LERF is related to the margin between the as-calculated values and the
acceptanceguidelines.. When the contributions from the modeled conttibutors are close to the guidelines,
the argument that the contribution fmm the missing items is not significantmust be convincing, and in some
cases may require additional PRA analyses. . When the margin is significant, a qualitative argument may

.

be sufficient. 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 demonstration that the change has no impact on
the unmodeled contributors. In addition,it should also be demonstrated that changes based on a partial PRA
do not disproportionallychange the risk associated with those accident sequences that arise from the modes
of operation not included in the PRA.

Ifjust a level 1 PRA is available, in general only the CDF is calculated and not the LERF. An approach is
presented in Appendix B to this regulatory guide which 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 sequence in the Level 1 analysis. The frequency derived from
these event trees can be compared to the LERF acceptance guidelines. The guidance in Appendix B may
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be used to estimate LERF in only those cases when the plant is not close to the CDF and LERF benchmark

values.

2.4.3 Integrated Decision-Making

The results of the different elements of the engineering analysis discussed in Sections 2.4.1 and 2.4.2 must
be consideredin an integratedmanner. None of the individualanalyses is sufficient in and ofitself. In this
way, it can be seen that the 6 rision is not driven solely by the numerical results of the PRA. They are one
input into the decisionmaku,9nd help in building up an overall picture of the implications of the proposed
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.

2.5 Element 3: Define Implementation and Monitoring Program

Careful consideration should be given to implementation and performance-monitoring strategies. The
primary goal for this element is to assess SSC performance under the proposed CLB change by establishing
performance-monitoringstrategies to confirm the assumptions and analyses that were conducted tojustify
the CLB change.

-

The implementation of the regulatorychanges should enswe that no unexpected adverse safety degradation
occurs because of the changes. Based on the findings of the engineering evaluations conducted to examine
the impact of the proposed changes, an implementation plan should be developed to ensure that any ,

unexpected problems and deficiencies are detected and corrected prior to becoming a significant safety
problem. Further details of an acceptable process for implementation in specific application areas are
discussed in the application-specific guides.

Decisions concerningimplementationofchanges should be made in light of the uncertainty associated with
. the results of the traditional and probabilistic engineering evaluations. Broad implementation within a'

limited time period may bejustified when uncertainty is shown to be low (data and models are adequate,
engineering evaluations are verified and validated, etc.), whereas a slower, phased approach to
implementation (or other modes of partial implementation) would be expected when uncertainty in*

evaluation findings is higher, In applicationswhere programmatic changes are being made which potentialy
impact SSCs across a wide spectrum of the plant, such as in IST, ISI and graded QA, the potential
introduction of common cause effects must be fully considered and included in the submittal. In such
situations, a carefully planned approach to the selected mode ofimplementation should be identified and
justified.

A monitoringprogram, utilizing appropriate performance-based feedback criteria, is an important element
of mar, risk informed application approaches. This performance-basedapproach should have the following

*

attrilutes:there are measurableparameters to monitor plant performance; objective criteria are established
to assess performance based on a combination of risk insights, traditional engineering analysis, and
performance history; and parameters are selected for monitoring such that, if exceeded, they will provide ,

early indication of problems prior to being a safety concem.
~
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'Specifically,the proposed monitoring program should establish a means to adequatelytrack the performance.!of equipment covered by the proposed licensing changes. The program should be capable of trending
|equipment performance after a change has been implemented to demonstrae that performance is consistent

with that predicted by the traditional engineermg and probabilistic analyses tkt were conducted tojustify
the change. It is desirable that definitive and quantitative performance criteria be established which are
consistent with analysis assumptions and expectations in such areas as SSC functionality'and
reliability / availability. The monitoring plan should be structured such that performance degradation is
detected and conected before plant safety can be compromised. The potential impact of observed SSC
degradation on sirailar components in different systems throughout the plant should be considered.

Monitoring that is performed as part of the Maintenance Rule implementation can be used in cases where
the SSCs affected by the application are also covered under the Maintenance Rule. In these cases, the
performance criteria chosen should im shown to be appropriae for the application in question. It should be

noted that plant or licensee perfonnance under actual design conditions may not be readily measurable. In ,"
cases where actual conditions cannot be monitored or measured, an approach should be implemented by
striving to use whatever information most closely approximat-s actual performance data. For example, a
hierarchyfor establishinga monitoringprogram with a performance based-feedback approach may consist

} of a combination of the following:
.

1

: 1. Monitoring performance characteristics under actual design bases conditions (e.g., reviewing actual
j demands on EDGs, reviewing operating experience)
4

| 2. Monitoring performance characteristics under test conditions that are similar to those expected
i during a design basis event (e.g., monthly EDG testing)
4 .

| 3. Monitoring and trending perfonnance chara :teristics to verify aspects of the underlying analysis,
research, or bases for a requirement (e.g., me asurmg battery voltage and specific gravity, inservicei

inspection ofpiping)
,

4. Evaluating licensee performance during training scenarios (e.g., emergency planning exercises,j
operator licensing examinations) j,

i *

| 1

4 5. Component quality controls including developing pre- and post- component installation evaluations
! (e.g., environmentalqualification inspections,RPS channel checks, continuitytesting ofBWR squib

valves)

6. Establishing performance-based elements (e.g., monitoring, measurement) where actual
performance-based measurements may be impractical (i.e., performa=e-based elements of a QA
program observing activities vs. reviewing programs)

As part of the monitoring program, it is important that provisions for specific cause determination and
corrective actions be included in cases when performance falls below expected levels. Cause determination
is needed when a performance criteria is not being met or when there is a functional failure of an application-
specific SSC, even if performance criteria is met. The cause determination should identify the cause of the
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failure or degraded performance, and whether the failure or degraded performance was a result of the
application. It should address failure significance, the circumstances surrounding the failure or degraded
performance,the characteristicsof the failure,and whetherthe failure is isolated or has generic or common
cause implications (as defined in NUREG/CR-4780, Ref. 9).

Finally, the monitoring program should identify any corrective actions to preclude recurrence of
unacceptable failures or degraded performance below expectations. The circumstances surrounding the
failure may indicate that the SSC failed because of adverse or harsh operating conditions (e.g., operating a
valve dry,over-pressurization of a system) or failure of another component which caused the SSC failure.
Therefore, corrective actions should also consider SSCs with similar characteristics with regard to
operational, design, or maintenance conditions.

It is expected that upon initial approval of the proposed monitoring program, subsequent NRC oversight will
focus on evaluating performance results rather than on a programmatic review.

l
|

|
|

. :

|

|

.

8
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2.6 Element 4: Submit Proposed Change

j Requests for proposed change to the plant's CLB typically take the form ofrequests for license amendments
(including changes to or removal oflicense conditions), technical :hanges, changes to or withdrawals ' fo

; orders, and changes to programs pursuant to 10 CFR 50.54 (e.g., QA program changes under 10 CFR
; 50.54(a)). Licensees should: (i) carefully review the proposed CLB change in order to determine the ;
; appropriate form of the change request, and (ii) assure that information required by the relevant '

j regulations (s)in support of the request is developed; and (iii) prepare and submit the request in accordance
.

; with relevant proceduralrequirements. For example, license amendments should meet the requirements of |
: 10 CFR {{50.90,50.91 and 50.92, as well as the procedural requirements in 10 CFR {50.4. Where the j
'

licensee submits risk information in support of the CLB change request, that information should meet the
|

guidance in Section 3 of this regulatory guide..

Licensees are free to decide whether to submit risk information in support of their CLB change request. J
Where the licensee's proposed change to the CLB is consistent with currently-approved staff positions, the
stafPs determination will be based solely on traditional deterministi: engineering analysis without recourse
to risk information (althoughthe staffmay considerany risk information which is submitted by the license 4
However, where the licensee's proposed change goes beyond currently-approved staff positions, the staff
will normally consider both information based upon traditional deterministic engineering analysis as well
as information based upon risk insights. If t'se licensee does not submit risk informationin support of a CLB i

change which goes beyond currently-appraved s:raf positions, the staff may request the licensee to submit
such information. Such an informationrequest is not a backfit under 10 CFR 50.109. If the licensee chooses
not to provide the risk information, the staff will review the proposed application using deterministic
engineering analysis and determine whether sufficient information has been provided to support the
requested change.

In developingthe risk information set forth in this regulatory guide,licenseeswill likely identify SSCs with
high risk significancewhich are not currently subject to regulatoryrequirements, or are subject to a level of
regulation which is not commensurate with their risk significance. It is expected that licensees will propose
CLB changes that will subject these SSCs to appropriate level of regulation, consistent with he risk-
significa ce of each SSC. Specific information on the staffs expectations are set forth in the application-
specific regulatory guides.

2.7 Quality Assurance

As stated in Section 2.4, the staff expects that the quality of the engineering analyses conducted tojustify
proposed CLB changes will be appropriate for the nature of the change. In this regard, it is expected that
for traditional engineering analyses (e.g., deterministic engineering calculations) existing provisions for
quality assurance (e.g.,10CFR50, Appendix B for safety-related SSCs) will apply and provide the
appropriate quality needed. Likewise, when a risk assessment of the plant is used to provide insights into
the decisionmaking process, the staff expects that the PRA will have been subject to quality control.

00 1061 2-16 April 4,199/
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To the extent that a licensee elects to use PRA information to enhance or modify activities affecting the
safety-related functions of SSCs, the following, in conjunction with the other guidance contained in this
guide, describe an acceptable way to ensure that the pertinent quality assurrance requirements of 10CFR50,
Appendix B are met and that the PRA is of sufficient quality to be used for regulatory decisions:

utilize personnel qualified for the analysis
utilize procedures that ensure control of documentation, including revisions, and provide

*

for independent review, verification or checking of calculations and information used in the
e

analyses (an independentpeer review can be used as an important element in this process)
;

provide documentation and maintain records in accordance with th' guidelines in Section
;e

e
3 of this guide
provide for an independent audit function to verify quality (an independent peer review cane
be used for this purpose)
utilize procedures that ensure appropriate attention and corrective actions are taken if

,

*
analyses or information used in previous decision making is determined to be m error.

Where performance monitoring programs are used in the implementation of proposed change to the CLB,
it is expected that those programs will be implemented utilizing quality provisions commensurate with the
safetysignificanceof affected SSCs. An existingPRA or analyses can be utilizedto support a proposed CLB
change, provided it can be shown that the appropriate quality provisions have been met.

t

.

,

5

t
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3. DOCUMENTATION AND SUBMITTAL
.

3.1 Introduction
,

To permit the staffs audit to enmre that the analyses conducted were sufficient to conclude that the key
pnnciples of risk-infonned regulation have been met, documentation of the evaluation process and findmgs
are expected to be maintamed. Additionally,infonnation submitted should include a' description of the
process used by the hera=* to ensure quahty and some specific infonnation to support the stafrs conclusion
agardmg the @ty of the requested CLB change.

3.2 Documentation

Archival documentation should include a detailed desenption of engmeenng analyses conducted and the !
resuhs obtamed, inespective of whether they were quantitative or qualitative, or whether the analyses made ;

use of traditional engineenng methods orprobabilistic approaches. This docimwarmeion should be maintamed
'

by the licensee, as pan of their nonnal quality assurance program, so that it is available for exammation.
Documentation of the analyses conducted to support changes to a plant's CLB should be maintained as
lifetune quality records in accordance with Regulatory Guides 1.33 and 1.88 (Ref.10 and 11, respectively).
An example of typical PRA documentation is described in draft NUREG 1602.

3.3 Licensee Submittal

To support the staff s conclusion that the proposed CLB change is consistent with the key principles of risk-
informed regulation and NRC staff eg-- Mons, the following information is expected to be submined to the
NRC:

'

a description of how the proposed change willimpact the CLB (Relevant pnneiple: CLB changes meet+.

regulations.)

*

a desenption of the components and systems affected by the change, the typer, of changes proposed,*

the reason for the changes, and results and insights from an analysis of avaitble data on equipment
performance (Relevant staff expectation: All safety impacts of the proposed CLB change shall be
evaluated.)

a *=hn1=rion of the cunent licensing basis accident parameters that are affected by the change and ane

assessment of the expected changes (Relevant pnnciples: CLB changes meet the regulations;
sufficient safety margms are maintained; defense-in<iepth is ==mt= mad )

a reevaluation of de beensing basis * analysis and the provisions of 10 CFR Parts 20 and 100,e

lif appropnate (Relevant panciples: CL.B changes meet the regulations; sufficient safety margms are
*=ia d: defense-in<lepth is maintamad )

,

|
|
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i

an evaluation of the impact of the change in licensing bases on the breadth or depth of defense-in-
*

depth attributes of the plant (Relevant principle: Defense-in depth is maintained.)

identification of how and where the proposed change will be documented as part of the plants
*

bcensmg basis (e.g., FSAR, TS, bcensmg conditions). Tbis should include proposed changes and/or
enhancements to the regulatory controls for high risk-significant SSCs which an not subject to any
requirements, or where the requirements are not commensurate with the SSCs risk-significance.

Delicensee should alsoidentify:*

- those key assumptions in the PRA, elements of the monitoring prop mu, and commitments made to
support the application

- those SSC's for which requuements should be increated

- a description of that information to be provided as part of the plants licensing basis (e.g., FSAR,
TS, licensing condition)

The licensee's submittal should discuss measures used to ensure adequate quality, such as a report that
addresses the appropriateness of the PRA model for supporung a risk assessment of the CLB change under
consideration. An independent peer review can be an Quet element of ensuring this quality. The report
should address any analysis limitations that are expected to impact the conclusion regardmg acceptability of
the proposed change. The licensee's resolution of the findings of the peer resiew, when performed, should also
be submitted. For example, this response could indicate whether the PRA was modified or a justification as
to why no change was nee *==y to support decisionmahng for the CLB change under consideration. As

, discussed in Section 2.4.2, the staff's decision on the proposed limnse aWment will be based on its
independentjudgment and review, as yywydate, of the entire application.

In order to have confidence that the risk aueument conducted is W~ to support the conclusion that there
is no more than an insignificant increase in risk to heahh and safety of the public has been met, a enmmary
of the risk messamment methods used should be submitted. O==%t with current practice, information
submined to the NRC for its consideration in makmg risk-informed, regulatory decisions will be made publicly
available, unless such information is deemed proprietary and justified as such. De following information
should be submined and is interided to illustrate that the scope and quality of the engmeenng analyses
M~d tojusufy the proposed CLB change is appropriate to the nature and scope of the change:

a description of risk assenment methods used* *

the key modelmg assumptions*

the success criteria and the basis for each*

.

' a list of initiators considered and their frequencies, as well as the basis for excluding any initiators
*

from the risk assessment

DG 1061 3-2 March 31,1997
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'

a listing of systems and e- ;= =ts addressed in the risk assessment, the failures considered for each j
*

i

and the basis for excluding failures, and the A=fstries between systems and cogest.ts

the event trees and fault trees as namsary to support the analysis*

a lists of w.ivi actions madalad in the PRA (and the basis for excluding operator actions) and their*

crrorprobabilities

a list describing all events included in the risk assessroent*

Submined information ... .. . l..g the results of the risk assessament should include:

a description ofdominant sequences*

an estunate of total plant CDF (including a qualitative or quantitative assessment of uncertainty)*

before and after implementing the proposed CLB change

an estimate of containment performance as desenhd by plant damage states and the frequencies ofa

the high and low consequence categories (if a simplified Level 2 PRA analysis was perfu.J such
as is described in Appendix B to this regulatory guide); or frequencies of accident progression
pathways (including a qualitative or quantitative assessment of mai.isty), as grouped for source
term e*Windons, if a full level 2 PRA was cW d

_

the definition of source terms and an idaanneadon of their freguesies and ==riaidae (including*

uncertainty) if full level 2/3 PRA was performed
5

the frequencies of individual early and latent fatalities, if a full Level 2/3 analysis was perfctmed*

In addition, information that should be ehmined as part of the y><d6eadon for the specific CLB change

ia:ludes:
i

a desenption of the analyses >>ivid to assess tir anpact of the change on risk! *

i

an estimate of plant CDF and LERF and char.ges in those estunates if the proposed CLB change*

were implemented

an identificanon of all minimal cursets affected by the change, any success critena that are affected*

by the change, and any changes in drwnin=nt risk contributors .
1

i

| -

!

!
|
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:

i

i the results of analyses that show that the conclusions regarding the impact of the CLB change on*

plant risk will not vary mienib*1y under a different set of assumptions. (See NUREG-1602 for,

j a *='**% of the uses and limitations ofinr,ette measures and sensitivity saubes.)
;

i The staff also expects Im- to track and consider the cumnimive inpact of all plant changes, includmg
: those not submitand for NRC review and approval.
; *

J

3.4 Implementation Plan and Performance Monitoring Process a
i

j As described in Section 2.5 above, a key y. ;ps of risk-infonned regulation is that proposed performance
; implementation and monitoring strategies reflect uncertamties in analysis inodels and data . Consequently, i
j the shbmi tal shoukt include a des.@ and rationale for the impl-nan and performance monitoring j
i strategy for the proposed CLB change.
;

:
i
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APPENDIX A: USE OF RISK IMPORTANCE MEASURES TO
: CATEGORIZE STRUCTURES, SYSTEMS, AND
| COMPONENTS WITH RESPECT TO SAFETY
| SIGNIFICANCE
|
!

'

Introduction
l

For several of the proposed applientum of the risk-informed regulation process, one of the principal -
activities is the categonzation of SSCs and human action according to safety significance. .The purpose of
this Appendix a to discuss one way that this categonzation may be performed to be consistent with principle j

4 and the v=tions A=rimod in Section 2.1. 1

1

Safety-significance of an SSC can be thought of as being related to the role the SSC plays in preventmg the I

occurrence of the undesired end state. Thus the position adopted in this regulatory guide is that all the SSCs
and human actions considered when constructmg the PRA model (mcluding those that.do not nereaanly
appear in the final quantined model, either because they have been screened initially, w-+i to be
mherently reliable or have been trM from the solution of the model) have the potential to be safety
signi6emat. since they play a role in preventing core damage

in establishing the categonzation, it is Loritimt to recognize the purpose behmd the categonzation, which is,
generally, to sort the SSCs and human actions into groups according ; those for which some relaxation of

,

requirements is proposed, and those for which no such change is rvyesed it is the proposed application I
that is the motivation for the categonzation, and it is the paeantial impact of the application on the particular
SSCs and human actions and on the measures of risk which ultimately determms which of the SSCs and
human actions must be regarded as safety-significant within the centext of the application. This impact on
overall risk must be evaluated in light of the inciples and decision Mteria identified in this draft guide.e
Thus, the most appropriate way to address the categonzation is through a r===atin tion of the riskca

measures.

Howeve, the feasibility of performmg such risk quantification has been questioned for those applications for
which a method for the evaluation of the impact of the change on SSC unavailability is not available. An
acceptable alternative to requantification of risk is for the licensee to perform the categorization of the SSCs
and human actions in an integrated manner, makmg use of an analytical technique, based on the use of PRA
unportance nr:asures, as input. This appendix Amam the technical issues associated with the use of PRA
importance measures. NUREG-1602 includes more detailed discussion of this subject.

TechnicalIssues Associated with the Use ofImnortance Measures

In the implementation of the Maintan== Rule and in industry guides for the risk-informed applications (for
example, the PSA Applications Guide), the Fussell Vesely importance, Risk Reduction Worth, and Risk
Achievement Worth are the most enmmanly identified measures in the relative risk rankmg of SSCs.

:

i
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However, in the use of these importance measures for risk-informed applications, there are several issues that |
'

should be addressed Most of the issues are related to technical problems which can be resolved by the use of

sensitivity studies or by appropriate quantification techniques. These issues are discussed in detail in the sub-
section below. In addition, there are two issues, namely a) diat risk rankmgs apply on!y to individual
contributions and not to combinatio..3 or sets of contributors, and b) that risk rankmgs are not neeraarily

related to the risk changes which result from those contributor changes, that the hcensee should be aware of
and should make sure that they have been addressed ad~===+ ly. When ysf==ed and interpreted correctly,
component level Mi.w measures can provide valuable input to the licensee

Risk rankmg results from a PRA can be affected by many factors, the most important being model
assumptions and techniques (e.g., for ==-f +=5 ofimman rehability or common cause failures), the data used,
or the success criteria chosen. The hcensee should therefore make sure that the PRA is of sufficient quality. )

~

In addition to the use of a "quahty" PRA, the robustness of categonzation results should also be demnactrated
for conditions and parameters that might not be addressed in the base PRA. Therefore, when importance
measures are used to group 9-..;== or human actions as low safety-significant contributors, the
information to be provided to the analysts perfonmng qmhtstive categonzatian should include sensitivity
studies anFor other evaluations to demancerate the sensitivity of the importance results to the important PRA
modeling techniques, assumptions, and data. Issues that should be considered and addressed are listed below.

Trencation limit: The acensee should determme that the truncation limit has been set low enough so that the
tn=c='ad set of =inimal cursets contam all the significant contributors and their logical combinations for the j

application in question and be low enough to capture at least 95 percent of the CDF Lhyading on the PRA
level of detail (module level, i;moymt level, or piece-part level), this may translate into a truncation limit
from lE-12 to IE-8 per reactor year. In addition, the tn=emted set of =iai=*1 cutsets should be determmed
to contam the important application-specific contributors and their logical combinations.

Risk metrics: The licensee should ensure that usk in terms of both CDF and LERF is considered in the
ruking process.

Completeness of risk model: The licensee should ensure that the PRA model is enNly complete to
address all important modes of operation for the SSCs being analyzed Safety significant contributions from
internal events, external events, and shutdown and low power initiators should be considered either by using
PRA or other engmeenng analyses. (NUREG-1602 provides a dicenaion of model completeness.)

Sensitivity analysis for component data uncertainties The sensitivity of e ";==t categonzations to
uncertamties in the parameter values should be addressed by the licensee. Licensees should be <=ruried that
SSC categonzation is not affected by data uncertamties.

Sensitivity analysis for common cause failures: CCFs are modeled in PRAs to account for danandaat
failures of redundant cw;=we within a system. The bcensee should detenmne that the safety significant
categonzation has been performed takmg into ar. :ount the combined effect of associated basic PRA events,
such as failure to start and failure to run, including mdirect contributions through assoctated CCF event

probabilities. CCF probabilities can affect PRA results b enhancing or obscurmg the importance ofj

A-2

- _ _



_

.

DraftJor Comment Appendix A
.

components. A wu ysst may be ranked an a high risk contributor mamh because ofits contribution to
CCFs, or a component may be ranked as low risk contributor mamly because it has negligible or no

contribution to CCFs.

Sensitivity analysis for recovery actions: PRAs typicaly model recovery actions especia!!y for dominant
accident =a?-ac~ Qu=arme=+ina of recovery actions typically depends on the time available for diagnosis
and performmg the action, trammg, pine, and knowledge of +.eins. There is a certam degree of

-

subjectivity involved in estunatmg the success probability for the recovery actions. The concerns in this case
stem from situations where very high =we= probabilities are assigned to a seqws, resulting in related

e m-- -- A being ranked as low risk contributors. Funhc use,it is not desirable for the categornation of
SSCs to be affected by recovery actions that sometunes are only modeled for the dammmat scenarios.
Sensitivity analyses can be used to show how the SSC categcrization wonu change if all recovery actions
were removed. The licensee should ensure that the categoritation has not been unduly affected by the

modeling of recovery actions.

Multiple comporient considermans: As discussed previously,importance measures are typically evaluated
on an individual SSC or human action basis. One potential concern raised by this is that single-event

importance measures have the potential of d>=miaing all elements O .j:t= .; ,; ., 2: spite the system or
group having a high importance when taken as a whole. (Conversely, there may be grounds for screenmg out
groups of SSCs, owing to the ummportance of the systems of which they are alamame ) There are two
potential approaches to addressing the multiple component issue. The first is to define suitable measures of
system or group importance The second is to choose eyywydate criteria for categornatice based on
e q ==t level importance measures in both cases,it will be memry for the hcensee to ?=- mee that
the cumulative impact of the change has been =da?i='aly addressed.

,

While there are no widely-accepted definitions of system or group importance measures, if any are proposed,
the licensee should make sure that the measures are capturmg the impact of changes to the group in a logical

way. As an example of the issues that arise consider the following. For front-line systems, one possibility
would be to define a Fussell-Vesely type measure of system unportance as the sum of the frequencies of

sequences invohing failure of that system, dmded by the sum of all sequence frequencies. Such a measure
would need to be interpreted carefully if the numerator included contributions from failures of that system due
to support systems Similar!y, a Birnbaum like measure could be defmed by quantifymg sequences invohing
the system, conditional on its failure, and summmg up those quantities. This would provide a measure of
how often the system is critical. However, again the support systems make the situation more complex. To
take a two-division plant as an example, front-line failures can occur as a result of failure of support division
A in conjunction with failure of front-line division B. Working with a figure of merit based on " total failure
of support system" would miss contributaans of this type.

In the absence of appropriately defined group level importance measures, reliance must be made on a

| qualitative categorization by the licensee, as part of the integrated decisiaa=Aing process, to make the
i appropnate determination.

Relationship ofImportance Measures to risk changes: Importance measures do not directly relate to
changes in risk. Instead, the risk impact is indirectly reflected in the choice of the value of the measure'used
to determme whether an SSC should be classified as being of high and low safety significance. This is a
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concern whether importances are evaluated at the component or at the group level. The PSA Applications
Guide suggested values of Fussell-Vesely importance of.05 at the system level, and .005 at the component
level for example. However, the enteria for categorization into low and high significance should be related to
the acceptance criteria for changes in CDF and LERF. This implies that the criteria should be a function of
the base case CDF and LERF rather than being fixed for a!! plants. Thus the licensee should demonstrate
how the choice of criteria are related to. and conform with, the acceptance guidelines described in this
h==1 If component level criteria are used, they should be established taking into account that the
allowable risk increase associated w% the change should be based on simultaneous changes to all members
of the category.1

SSCs not included in the fmal quantirmi cutset solution: Importance measures based on the quantified
cutsets will not factor in those SSCs that have either been tnmeated, or were not included in the fault tree
models because they were screened on the basis of high reliability. SSCs that have been screened because
their credible failure medes would not fail the system function can be argued to be mumportant. The licensee
must make sure that these SSCs are considered. This subject is discussed in more detail in NUREG-1602.
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APPENDIX B: AN APPROACH FOR ESTIMATING THE FREQUENCIES
OF VARIOUS CONTAINMENT FAILURE MODES AND
BYPASS EVENTS i

|

i
B.1 Introduction

This appendix describes an approach for estimarmg the frequencies of various con +d=~t failure modes and bypass
events This'.yy.v.iis designed to ==al==t level 1 PRAs submitted in support of risk-informed decisi=n=Wng.
The intent is to use anemknt w?-e information provided in the level 1 PRA to estunate the &ep +: of various
plant damage states ({ dss) and hence the frequencies of enatamment failure and bypass

Accident sequen= leadmg to core damage are usually grouped into PDS for the purpose of assessing the subsequent
accident progression. A PDS is defined in such a way that all accident seqian= binned into it can be treated
MMly on the accident picymsm analysis. 1 hat is, the PDS defmition must recognize all disunctions that matter
in the accident progression analysis. Once a set of PDSs is defined for a given reactor, contamment performance is
calculated for each PDS. It is clear that some PDSs will be more challenging to contamment integrity than others

(pressure, temperature, mechanical loading, etc.), and some PDSs will completely bypass contamment. For example,
an interfacmg systems LOCA has the potential to completely bypass enat== ment while a transient event with loss of
amramment heat removal (CHR) will pose more of a challenge to contamment integrity than a LOCA with the CHR
systems vi-mg. The PDSs are distributed into various contamment failure modes (CFMs) to allow for assessment
of the likely outcomes of the accident progression.

Fcr the purpose of the simplified approach, sufficient Imel 2 PRAs have been completed to permit the allocation of
core damage accident ==== to appropriate CFMs. To allow companson to the acceptance guidelines identified in
this appendzx, the yy vai has to dene h between enntamment failure modes that might lead to early fatalities vs.n
those failure modes that will not cause early fatalities. Consequently, the failure modes were categonzed as follows::

. carly contamment failure or bypass (potentially leading to large ear y re ease, .e., ear y atalities likely)l l i lf-

late contamment faihire or enntamment intact (preentially not leading to large early release, i.e., early fatalitic.a

unhkth)

Once established, the frequencies of these categones can be determmed and changes in the frequencies compared
agamst the acceptance eh A key advantage of this .ypiusiis that each accident sequence is allocated to a risk

!

category based on the status of the plant. A scheme for allocatmg the various accident MT== to the categories is
described below. An event tree has been developed for each cantamment type that allocates accident se;-= to one
of the g-Egories. The intent is that each bcensee will develop split fractions for most of the questions in the trees based

on plant-specific accident sequences and charactenstics. These trees prescribe a single question concermng the
likelihood of early contamment failure.

Each accident sequence from the level 1 analysis can be processed through the trees with individual frequencies

.

allocated to the various release categories. The sua of tinse individual accident frequencies determmes the total

! frequency for each release category.

B.2 PWRs With Large Volume Containments
.

Figure B-1 presents an event tree that allows allocation of accident sequences to one of two categories for use withl

PRAs for PWRs with large dry or subatmnepheric contamments. Each accident sequence in a level 1 PRA would be
allocated to one of these categories based on the plant status as defined by the various accident sequences. This
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approach prescribes only a single question concermng the likelihood of contamment failure at vessel breach (i.e.,
Question 5). The split fraction for this question reflects a reasonable estunate of the likelihood of early contamment
faihre for large-volume matan=nente given a high-cr-km pressure core meltdown accident. However, if a licensee has
j'# =--> for an ahernative split fraction, this could be provided to support changes in the event tree quantification.

Conta-at ECC Restored No No Potential
Isolated orNul Before Vessel Contasunent forEarly Large Earty

. Core Damase Bypassed RCS Depress. Fashue Failure at VB FaiaWa Path Release

1 2 3 4 5 6

1 No
'

2 No

--

3 No I

'

4 Yes4

i

j y .
5 No=

a t
A E- 6 No i

*

|
1 7 No
.

I V 8 Yes
I N
j 9 No

| 10 Yes
! .

|
;

| Firure B-1 PWR Large Dry C=t=i== ante
:

) * Note: In the case of seismic initiators, there is a possibility that effective warnmg and ev=en=6an may be precluded due to the

j disruption of warning systems and evacuation paths. If the enntamment structure is p4cied to survive the event, the
likelihood of long-tenu contamnet beat removal should be investigated. If CHR is gdcied to fail (for any set of4

; reasons) the contamment will eventually fail due to overr-.z iion and, the mm category shoc.ld be 7es"

! since it is unlikely that evacuation will occur.

:
:
9
~

Question 1: Core Damage Frequency?

|| This is simply the entry point for the tree. The frequency for the accident =~n=e> under consideration is '

! entered bere.

; Question 2: C=tainmant IsolaW or Not Bypassed? j

,i

|
This question includes accidents in which the contamment fails to isolate, as well as accidents initiated by
mntammmt bypass (such as interfacing systems LOCAs and steam generator tube ruptures). This category |i '

j is intendad to apply only to accidents that bypass matamment at =reidant initiation. Accident sequences that

; cause containment bypass (such as inthwd SGTR) during accident progression after core damage are not

i
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included in this category. Accidents in which the contamment is initially open have been found important
during shutdown and would also be included in this category.

Question 3: RCS Depressunzod? j

For acadents mmatad by transients and small break LOCAs, the RCS will remam at high pressure unless the
operators depressurize the RCS or the RCS pressure boundary fails. If the operators cannot depressurize the
RCS the accadent sequence would be allocated to 'he "not depressunzed branch"in the event tree. However, ;

a hem- may wish to take credit for hot leg failure as a cause of RCS depressunzation before vessel breach
JumAc= ten should be provided ifsuch a failure mach =nen is =====i Interwwhate and large -break LOCAs j

and acadenk in which the operators depressurize the pnmary system to below 200 psi would be allocated to i

the depressunzed branch. i

Question 4: ECC Restored Before VesselBreach?

Accidents in which ECC is restored within 30 minutes of the start of core damage are aseumed to arrest the
acevient progression without vessel breach. For these accidents, subsequent questions related to containment
faihat at s essel breach a. the pneena=1 for early fatalities are not pemnent. If the ECC is not restored within
30 minute < vessel breach is assumed to occur, and all subsequent questions are pertment.,

Credit for in-vessel arrestmg of the accident will only be given for cases where recovering AC power will lead
to the restoration of ECCS withm 30 ==*a of the caset of core damage For example, no credit will be given
for an operator ==mally depW=g the reactor and using a low-pressure system between core damage and
vessel breach. If cooling is restored within 30 minutes, the probability of successful arrest is ==ranaA o bet
1.0; if coohng is restored after 30 mmuts, the probability of em d arrest is assumed to be 0.0.e

1
1

Question 5: No C=tainmant Failure at Vessel Breach? j

The likelihood of mntainmmt failure at vessel breach depends on several factors, such as the pressure in the
pnmary system, the amount and tm. hare of the core debns exiting the vessel, the size of the hole in the
vessel, the amount of water in the cavity, the configuration of the cavity, and the structural capability of the
mntammant bmkhng in the simplified event tree, only the pressure in the pnmary system is Al=tinaniched so
that all other considerations have to be folded into the split fractions for high- and low-pressure segn-neae
Each possibility is discussed below.

l.ow-pressure See-? '

Under these circumstances, various =ach=i=== could challenge c=tammant integrity. These include in-
vessel steam explosions, rapid steam generation .aused by core debris contactmg water in the cavity, and
hpirogen m=l==+ina On the basis of prevxnas PRAs, the prooaouay vu.j mntamment failure is assumed
to be 0.01. If a licensee does not consider this probability to be appropriate because of plant-specific
considerations, then the probability can be ch= gad, butjustification for the change should be prosided.

High-Pressure Sequences?

Several mech =ieme could challenge contamment under these circumstances In-vessel steam explosions are

a potennal failure mach =iem, but it is more difficult to trigger steam explosions at high pressure than at low
pressure Steam generator tube rupture is also possible her==a of high tw.uares and pressures during core
mehdown ifinduced SGTR occurs, a potential bypass of mntamment can result if the secondary system is

March 24,1997 B-3 DG 1061, Appendix B
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open. However, the most important failure mechamsms for high pressure core meltdown sequences are
associated with high pressure melt ejection (HPME)J Ejection of the core debris at high-pressure can cause
the core debns to form fine particles that can directly heat the contamment atmosphere (i.e., DCH) and cause
rapid pressure spikes Dunng HPME, the hat particles could also ignite any combustible gases in contmnment,
thereby addmg to the pressure pulse. The potential for DCH to cause containment failure depends on several
factors, such as the pnmary system pressure, the size of the openmg in the vessel, the k-ys.nire and
composition of the core debris exiting the vessel, the amount of water in the casity, and the dispersive
charactenstacs of the reactor cavity. .The probability of early enntamment failure is, therefore, a composite of
each of these potetzal failures modes and is assumed to be 0.1. Again, a licensee can change this probability,
provided that .yywydatejustification is provided

The fracnon orlow- or high-pressure sequences that result in early contamment failure at the time of the vessel
breach have the pneena=1 o be allacatad to the high-release category The remammg fractions of the accidentt
sequences (in wiuch the enatamment remams intact) are allocated to the low-release category.

Question 6: No Potential for Early Fatalities?

The potential for early fatalities depends on the magnitude and timing of the release relative to two factors

(1) the time elapsed from reactor scram to the time at w%ch the release starts (particularly relevant to

shutdown accidents).
(2) the time from the declaration of a general emergency to the time of the start of the release compared

to the time required to effectively warn and evacuate the population in the vicuuty of the plant.

Durmg shutdown, for example, the early health risk from many mternally initiated accidents is
greatly reduced simply by the decay of the short lived isotopes that affect early fatalities. At full-
power operation, this question allows long-term sequences, such as loss of CHR or other late over
pressurization =m to be placed in the low-release category without the need for a detailed
evahianon of the uhimate enntamment response, since it is assumed that evacuation will occur before
the re!u sim. 5cquences origmatmg from seismic imtiators should all be associated with the
potennal for early fatahty branch on the event tree. In order to place a sequence on the branch labeled
no potential for early fatalities, a Iven**e should provide information, specific to the sequence,
conarnmg when a general emergmcy would be declared and the - partad ime required to warn andt

evacuate the population.

For shutdown accidents, where the enntamment is cuentially unisolated, the time available for
evacuation is the time from declaration of a general emergency to the onset of core damage. For !
mendente at full power, the time available for evacuation is the time from the declaration of a general j
emergency to vessel breach. Unless otherwisejustified, the licensee should use one hour from onset
of core damage to vesselbreach.

All Other Accidents.

All accident sequences that do not fall into the above categories are assumed not to fait contamment
and, therefore, are allocated to the no "large early release" consequence bin category.

!
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B.3 PWR Ice Condenser Containments

Figure B-2 provides a high level contamment event tree (CET) for ice eaadane plants. As with large dry
e=tamments, outcomes of the CET for ice c= h=r plants are placed in a high consequence category if early failure
occurs and the potennal exists for early fatahnes Late failures, which generally occur as a result of failure of the long-
term CHR systems, and on all other accidents are assigned a low consequence category. (There is considerable
similarity in the event trees for large dry and ice condenser containments, and many of the questions are similar.)

Question 1: Core Damage Frequency?

This is simply the entry point for the event tree. The fique.scy of the accident sequence under consideration:

is eraered here.

Question 2: Contamment Isolated or Not Bypassed?

This top event is similar to the first question asked in the event tree for large dry r=tammentc; a negative
answer results in an outcome with the potential to be allocated to the "large early release" consequence

category;

Question 3: Hydrogen Igniters Operating Before Core Damage?

The smaller volume contamments, such as ice c=?-m, are critically dependent on the availability of
hydrogen igniters to control pressure loads resulting from hydrogen combustion involving both static and
dyname loads. The annular design of the icewh leds itself to build up of hydrogen concentrations.
'Ibere is a significant probabihty of a hydrogen combustion event causing contamment failure if the igniters

'

are not operating (regardless of whether core cooling was restored).

Question 4: RCS Depressurned?

If the RCS cannot be % ized by operator acnon, core melt with the RCS mmmg at high pressure wC
pose a sewe threat to the cantamment stegrity. For ice con.':nser plants, this em lead to HPME and DCH
or impingemmt of the core debris on the mntamment wallin the seal table room, provided this vulnerability
exists at the plant.

Question 5: ECC Restored Before Vessel Failure?

All accidmts in which ECC is restored wahm 30 mmutes of the start of core damage are assumed to arrest the

accident progression without vessel breach. For these accidents,if the igniters are not operatmg there is the
possibility ofcontammet failure due to hydrogen cc:nbustion even if the core is retamed in the vessel. If the
igniters are operatmg, then it is n9-nad that the contamment does not fait due to hydrogen combustion. If
the ECC is not restored wnhm 30 minutes, then vessel breach is us==ad to occur. Credit for in-vessel arrest

of the accidmt will only be given for cases where recovering AC power willlead to the restoration of ECCS
withm 30 mmuts of the onset of core damage. For example, no credit will be given for an operator manually

depressunzmg the reactor and using a low pressure systera to inject weer between core damage and 5essel
breach. Ifcoolmg is restored withm 30 minutes, the probability of successful arrest is assumed to be 1.0, and
if cooling is restored after 30 minutes, the probability of successful arrest is assumed to be 0.0.

|
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j

lj Ignaen . No ;
| Contamnumt Operatstg ECCs Restored Contaminent No Potential

isolated orNot Before Core Before Vessel Failure at or forEarty 1.arge Early*

Core Danmae Bvpassed thenmee RG Depress . Fanure Before VB Fatahties Path Rehese
1 2 3 4 5 6 7 l

,
1. No

e

j 2 No
a

3 No -

1

4 Yes
!
} $ No
s

l' 6 No

' #
|

,

1 8 Yes I

! 9 No

}
- 10 No -

.
'

11 Yes,

j 12 No
~*

f y j 13 No

A 14 Yes
'

15 Noh/,

! N 16 No

I
17 Yes

.

i

18 No !

19 No

20 Yes

21 No

22 Yes

. Figure B-2 PWRIce m,iene cm.;.mancer

* Note: In the case of setsmic initiators, there is a possibility that effective warning and evacuation may be precluded due to the
disruption of warnmg systems and evacuation paths. If the rv=t==mant structure is predicted to survive the event, the
likelihood of long-term <=tamment heat n:moval shc uld be investigated. If CHR is predicted to fail (for any set of

.

reasons) the mntamment will eventually fail due to over pressunzation and, the consequence category should be "yes"
since it is unlikely that evacuation will occur.

Question 6: No Cmenin= ant Failure at or Before Vessel Breach?

If the igmters are not operatmg, then the paeandal exists for failure of the contamrnent as a result of hydrogen
er=6'= nan before the vessel breach This failure can, therefore, occur even if the core damage is arrested in
the vessel. The probability of a hydrogen combustion event causing r=tamment failure before the vessel

001061, Appendix B B4 March 24,1997
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|breach was deternuned to be 0.04. Again, if a licensee wishes to change this probability, appropriate
justification should be provided. If the igniters are operating, the contauunent is assumed not to fail before
the vessel.

As for the 1.arge Dry contamments, the likelihood of contam nent failure at vessel breach depends on several
factors, such as the pnssure in the primary system, the amount and temperature of the core debris exrtmg the
vessel, the size of the hele in the vessel, whether or not the igniters are operating, the amount ofice left in the
ice chests, the amount of water in the cavity, the configuration of the cavity, and the structural capability of
the =wn-t haiwag In the simplified event tree in Figure B-2, the pressure in the pnmary system, and
the operability of the igmters, are .cui.b4 so that all other considerations have to be folded into the
appropriate split fractions in the event tree. Each possibility is %==ad below.

Iow Pressure Sequences?

Under these cucumstan=, various of =ach=i=== could cle:nge contamment integrity including in-vessel
steam expk=nnc, rapid steam generation caused by core debns contactmg water in the cavity, and hydrogen -
combustion. For ice e h= rnatammentc, the likalih=1 of these failure modes depends upon the

operability of the ignitw and the availability of ice in the c= b===. On the basis of previous PRAs, the

probabihties of early contamment failure at or before vessel breach, with and without the igniters operating
are given below) ,,

;

'

Igmters Operating Igniters Failed

Probability of Early Contamment Failure 0.01 0.1

If a hcmsee ==ders either of these probabilities to be inappropnate because of plant-spectfic considerations,

the probabilities can be changeA butjustification for the changes should be provided.
<

High-Pressure Saq-?

Ice enadmer enntamment< can be challenged by failures modes similar to those considered for large volume
=vamenents. In-vessel steam explosions are a potential failure macA=iem, but it is more difficult to trigger
nienm explosions at high pressure than at low pressure Steam generator tube rupture is also possible because

' of high tw.um and pressures dunng core meltdown. Ifinthred SGTR occurs, a paraati=f bypass of
Contamment can result if the ua- ihiy system is open. However, two important failure =achmaie== are

The para =+ial for DCH to cause failure ofice condensermeencinead with HPME in ice ennrienaer .. .. . . . . . - . .

enntamment< depends on those factors fot,*nd in.portant far le== vab'De Cnntamments However, ice
mme in the ice chest was also food to mitigate DCH for ice x- '=7 ce=tamments The second failure
mechanam == aria d with HPME in ice r-irn=er enntamment< is impin- = of corium on the contamment
wall, wiHch can lead to failure ad a direct path out of contamment Another unportant failure mach =niem for
ice r=iencer rmtammer*< is hydroge *rian at the time ofvessel failure. The @1.oce of this failure
mach =niem depends on the operability of the igniters.

.

The probability of early enntamment failure at or before vessel breach is, therefore, a composite of each of
these potential failure modes as indicated below:
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Igniters Operatmg igniters Failed

Conditional Probability ofEarly 0.05 0.2
Contamment Failure

Again, a licensee can change the above probabilities, provided that appropriatejustification is furnished.

The fraction oflow- or high-pressure sequences that result in early matamment faihre at the time of vessel
breach have the potential to be allocated to the large early release category The remammg fractions of the !
accident sequences (in which the matamment remaine intact) are allocated to the no "large early release"

'

e =r r-x category

Question 7: No Potential for Early Fatalities?

The potential for early fatalities depends on the ===aMa of the release and on the tumng of the release !

i. relative to two factors (1) the time elapsed from reactor scram to the time at which the release starts
(parucularly relevant to shutdown accidents) and (2) the time from the declaration of a general emergency to ;

the time of the start of the release compared to the time regered to effectively wam and evacuate the |
| population in the vicinity of the plant. Durmg shutdown, for exaraple, the early health risk from many !

.

i internally mitiated accidents is greatly reduced due simply to the decay of the short lived isotopes which affect i
j carly fatalities. At full power operation, this pian allows long-term sequences, such as loss of CHR or )'

other late over pressunzmon sequences to be placed in the low release category without the need for a detailed

| evaluation of the ultimate matamment response, since it is assumed that evacuation will occur before the
: release starts. Sequences origmatmg from semme initiators should all be placed on the potential for early
i. fatality branch on the event tree. In order to place a sequence on the branch labeled no paeand=1 for early
;

'

would be declared and the arp-+ad time reqmred to warn and evacuate the population. For ihntdnwn |

fatahrw a 1=near should prende information, specdic to the sequece, concernmg when a general emergency j,

j
; accidents, where the containment is a~and=Hy unisolated, the time avadable for evacuation is the time from
j declarmon of a gmeral emergency to the onset ofcore damage. For accidents at full power, the time available
i for evacuation is the time from the declaration of a general emergency to vessel breach Unless otherwise

justified, the licensee should use one hour from onset of core damage to vessel breach.

i B.4 BWR Mark I Containment
\

| Figure B-3 provides an event tree allowing allocation of accident sequences to one of two consequence categories for
i use with PRAs for BWRs with Mark I mntsmment< The structure of the event tree is based on the prenuse that all.

; carly releases that are wrobbsi by the suppression pool are sufficiently low that by them< elves will not result in
individual early fatahty risk. Hence, if an early failure occurs with the functionality of the suppression pool intact, it,

i is assumed that the early scrubbed releases will not pose an early fatahty threat to the pWadan withm one mile of
1 the plant boundary, and that this population will evacuate before enhet=adal core concrete mteraction releases or late

iodine releases from pools are of a magnitude to cause indivulual early fatahty risk (except in the case of a seismic
,

i event, as noted in Figure B-5). Each top event question in the event tree is d.wwed below. The hcensee would be

j p-* d o provide the split fractions for all questions with the exception ofQuestion 7.t
{

*

j Question 1: Core Damage Frequency? .

4

) This is simply the entry point for the event tree. The frequency for the accident sequence under consideration

is entered here.;

1

|
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Question 2: Contamment Failed / Vented Prior to VB (Releases not scrubbed by suppression pool)?

This question involves the fraction of the core damage frequency where the contamment is failed at the start
of the accident or prior to vessel failure.. Failures at the start of the accident include bypass sequences
(Event V), ermtamment innintmn failures, and =~=- where the contamment is initially open. For example,
durmg cold shutdomi and refuehag,if the contamment is open ad the vessel head is removed, no credi shouldt

be given for closing the contamment in the presence of the radioactive environment within the containment.
Falures after the start of the accident can also occur due to instJ!icient containment heat removal, e.g., during
ATWS or loss ofcnntammet heat removal. Loss ofmat==mmt heat removal or other non-ATWS sequences

where the only breach of enntamment integrity prior to vessel failure is through wetwell vents should be put

into the "OK" category
,

Question 3: Core Damage Arrested Prior to Vessel Failure?

This quesnan accounts for the fact that some 7- may be arrested in-vessel without significant releases
from the RPV. All arrested einene are assigned to the Imv E-=q=q category Shutdown events where
the vessel head has beer. removed should all be placed in the " Breach" category. Credit for in-vessel arresting

of the acoident will only be given for cases where recovering AC power will lead to the restoration of ECCS
withm 30 mmutes of the onset o core damage For exa:nple, no credit witi be given for an operator manuallyr
Lyn or-izing the reaaor and using a low pressure system between core damage.and vessel breach. If cooling
is restored within 30 minutes, the probability of successful arrest is ==~d o be 1.0, and if cooling ist

p restored after 30 mmutas, the pdosility of successful arrest is assumed to be 0.0. The inclusion of this event
' in the tree and the assignment of the success path to the Low consequence category are based on the prermse

that the time wmdow is sufficiently short that mmimal in-vessel releases will occur and that they will have a
high probability of being scrubbed by the suppression pool, including those from ATWS.

Question 4: No Potential for Early Fatahties?

.

Early fatalities are largely precluded if an effective evacuation has w,uird; only a small fraction of the
W=en is --*d to renam hahmd Therefore, this question considers the fraction of the remammg cor-
damage frequency (M% sequencre that were arrested u := =M for in the previous question) that
invohes an effectm evacuanon. This question allows long-tenn sequences, such as loss of enntamment heat _
removal m=4 (TW) or long-term boildsequences during shutdown, to be placed in the no "large early w
release" category without the need for a detaled evaluatma of the ultunate cont == ment i@ cure Seismic

| -ace < should all be placed in the potentiai for early fatality branch on the event tree. Note that to place
a sequence on the branch labeled no p*~*ial for early farm 1*iac, a hrenace should provide information

'

cancermng when a general emergency would actually be declared and the c-pi evacuation time required.
For shutdown s~ para with the vessel head removed, the time available for evacuation is the time from
da:larance of a general anergency to the onset of cor: damage. For other s~=-nea, the time available is the
time from declaranon of a general emergency to vessel breach The beensee should use one hour for the time
from onset of core damage to vessel breach.

Question 5: RPV Depressurization?

| The contamment failure probability will be impacted by the RPV pressure at vessel breach. This question
addresses the fractum of the remammg core damage frequency (excluding sequences accounted for by presious

yeaac) that are at low versus high pressure. The top branch is the fraction at low pressure, and the bottom
branch is the fraction at high pressure.

,

$
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! No Unscrubbed

j Cantamment Care Damage No Urwrubbed
i Failes/ Vent Arrested No Poesntial for water on Cantamment Large Early
; Care Damage Before VB wHbaut VB Early.Fatailities RPV Depress Drywell Flaar Failwe at VB Path Release
'

I 2 3 4 5 6 7

j i No
.

: No

| )
i 3 No |

1 |

4 Yes.

}
Y 5 No

,

,

O ,

6 Yesi
-

y 7 No

i N
8 Yes

9 No
,

10 Yes
i
j 11 No |

J l
'

} 12 No

$ 13 Yes ,

! !

I l

| Figure B 3 BWR Mark 1 C-=i=aats j
i \

i * Note: In the case of seismic initiators, there is a possibility that effective warning and evacuation may be precluded i

i due to the disruption of warning systems and evacuation paths. If the enntamment structure is predicted to I

! survive the event, the likelihood ofloro-term coritamment heat removal should be investigated. If CHR is

| predicted to fail (for any set of reasons) the corvamment will eventually fail due to over pressurization and, the

j consequence category should be "yes" since it is unlikely that evacuation will occur.
j _.

i

1
;

. It is considered reasonable to use the pressure at the time of core damage, rather than the pressure at vessel
.

j
j breach,if the latter is not readily available. High pressure is considered to be anything above 200 psig in the

vessel.

Question 6: Water on the Drywell Floor?

Water in the drywell will affect both the liuikaad of ex-vessel steam explosions and the likelihood and |
conseg:erm ofliner meltthrough. Small amounts of water will have limited mitigating effects. It is believed
that water levels in excess of 12" will be effective in substantially reducing the probability of meltthrough

and/or partially scrubbing the releases. In taking credit for such water, factors, such as the height of the
dowrm...a, pumping capa:ity, and power availability, must be considered For this question, the top branch
is the fracnon of the remammg seqiere (nMag sequences accounted for by previous questions) in which
at least 12" of water will be avai'able, and the bottom branch is the fraction where 12" of water will not be

available.

DG-1061, Appendix B B-10 March 24,1997,
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Question 7: ' Contamment Failure At VB (Releases not scrubbed by suppression pool)7

Na d=3 on the answers to Quesexms 5 and 6, the contamment failure probability is assigned. These failure
probabilities implicitly account for the followmg ;'= T ==: alpha-mode failure, ex-vessel steam explosions,
vessel blowdown, liner meltthrough, and direct heating. They do not consider long-term failure modes, such
as core. concrete mteracuans or long-term drywell heatup. Bypass events have been accounted for previously.
The branch probabilities for these questions are predetermined (refer to Table B 1 below) and not calculated
by the licensee. The hcensee could change the probabilities by providing a suitable argument that plant-
specific features affect the quantification. The licensee should consider plant-specific features that increase
the enntamment failure and not only those plant-specific features that mitigate severe accidents.

Table B 1. Mark I Conditional Probabilities of Unscrubbed Ca*=ia-at Failure at Vessel Breach

I
Path RPV Pressure Water TotalFailure Prob

4 Io Yes 0.4

.6 Im No 0.7
,

8 Hi Yes 0.6
, , __

10 Hi No 1.0

B.5 BWR Mark II Containment

Figure B 4 pnmdes an ewnt tree wiuch allows servient sequences to be allacated to one of two eaamm categories
for use with PRAs for BWRs with Mark B rnatamment< The structure of the event tree is based on the premise that

all early releases that are scrubbed by the suppression pool are sufBciently low that by themselves will not result in
individual early fatality risk. Hence, if an early failure occurs with the f#an=1i y of the suppression pool intact,itt

is assumed that the early scrubbed releases will not pose an early fatality threat to the population within one mile of

the plant boundary, and that this population will evacuate before substantial core concrete mteraction releases or late
iodme releases from pools are of a magnitude to cause individual early fatality risk (except in the case of a seismic
event, as noted in Figure B-4). Each top event question in the event tree is discussed below. The licensee would be

expected to provide the split fractions for all questions with the exception of Question 7.

Question 1: Core Damage Frequency?

This is simply the entry point for the event tree. The frequency for the accident sequence under consideration

is entered here.

l.
Question 2: Cna*=iament Failed / Vented Prior to Vessel Breach (Releases not scrubbed by suppression pool) ?

:
This quesuon involves the fraction of the core damage frequency where the contamment is failed or vented at

.

;

the start of the accident or prior to vessel failure. Failures at the start of the accident include bypass sequences ;'

(Event V), enntamment isolation failures, and =~~ where the contamment is initially open. For example,

,

during cold shutdown and refueling, if the contamment is open and the vessel head is removed, no credit is

|
given for closing the contamment in the presence of the radioactive environment within the contamment.
F ares after the start of the sendent can also occur due to insufBeient enntamment heat removal, e.g., duringl
ATWS or loss of contamment heat removal. less of contamment heat removal accompanied by drywell
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venting should be put into the "faile&' category. Sequences where the only breach of containment integrity
prior to vessel failure is through wetwell vents should be put into the "OK" category.

Question 3: Core Damage Arrested Prior to Vessel Failure?

This question accounts for the fact that some sequences may be arrested in vessel without significant releases
from the RPV. All arrested sequences are assigned to the no "large early release" consequence category.
Shutdown events utere the vessel head has been removed should all be placed in the " Breach" category.
Credit forin-wssel anestmg of the accident will only be given for cases where recovering AC power will lead
to 6e restoration ofECCS withm 30 mmnen of the onset ofcore damar For example, no credit will be given
for an operator manually 4-izing the reactor and using a low pressure system between core damage and
vessel breach. If cooling is restored within 30 minutes, the probability of successful arrest is assumed to be
1.0, and ifcoohng is restored after 30 minutes, the probability of successful arrest is emwl to be 0.0. The
inclusion of this event in the tree and the assignment of the success path to the no "large early release"
me category are based on the prenuse that the time wmdow is sufficiently short that mimmal in-vessel
releases will occur and that they will have a high probability of being scrubbed by the suppression pool,
including those from ATWS.

Question 4: No Potentialfor Early Fatalities?

Early fatalities are largely precluded if an effective evacuation has occurred, only a small fraction of the
population is expected to remam behmd Therefore, this question considers the fraction of the remammg core
damage frequency (excluding sequences that were arrested, as accounted for in the previous question) that
involves an effective evacuation. This question allows long-term sequences, such as loss of contamment heat

removal sequences (TW) or long-term boil off sequences during shutdown, to be placed la the no "large early
release" category without the need for a detailed evaluation of the ultimate mntammet response. Seismic
sequences should all be placed in the potential for early fatality branch on the event tree. Note that to place
a sequence on the branch labeled no potential for early fatality, a licensee should preside information

me vten a general emergency would actually be declared and the expected evacuation time required.
For shuthwn :;qm nii fac vessel head removed, the time available for evacuation is the time from
declaratico ola general euupu.y to the onset of core damage. For other sequences, the time available is the
time from declaratien of a general emergency to vessel breach. The licensee should use one hour for the time
from onset of core damage to vessel breach.

Question 5: RPV Depressunzation?

The contamment failure probability will be impW by the RPV pressure at vessel b cat.h. This question
addresses the fraction of the rmummg core damar frequency (~6hg segnwn accounted fy by previous
questions) that are at low versus high pressure The top branch is the fraction at low pressure, and the bottom
branch is the fraction at high pressure. It is considered reasonable to use the pressure at the time of core
damage, rather than the pressure at vessel breach, if the lauer is not readily available. High pressure is
considered to be anything above 200 psig in the vessel.

I
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No Unsaubbed No Unsaubbed
Contamment Care Damage

Failwe/ Vent Arrested No Posendal for Waser on Containment targe Early

Core Damage Before VB Without VB Early Fatailitics RPV Depress. Drvwell Floor Failwe at VB Path Release

1 2 3 4 5 6 7

1 No

2 No

3 No,

4 Yes

5 No

Y
6 Yes

/\
j

7 No

V 8 Ya
N

,

9 No

10 Yes

11 No

12 No

13 Yes

Figure B-4 BWR Mark U Contammats

In the case of seismic initiators, there is a possibility that effective warnmg and evacuation may be precluded due to 11..
* Note:

disruption of warning systems and evacuation paths. If the conts%t structure is predicted to survive the event. the
likelihood of long-term contamment beat removal should be investigated. If CHR is predicted to fail (for any set of
reasons) the contamment will eventually fail due to over pressunzation and, the consequence category should be "yes"
category since it is unlikely that evacuation will occur.

Question 6:
Water on the Pedestal or Drywell Floor?

Water in the Wat will affect the IMM of ex-vessel steam explosions in the pedestal and drain line (and
dowrmwes,when located directly below the vessel). For this question, the top branch is the fraction of the
remaining sq- (excluding sqe*= accounted for by previous questions) in which the pedestal is
flooded, and the bottom branch is the fraction wiiere the pedestal is not flooded
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Question 7: Containment Failure At Vessel Breach (Unscrubbed by Suppression pool)?

Depmdmg on the answers to Questions 5 and 6, the contamment failure probability is assigned. These failure
probabilities implicitly acx:ount for the following phenomena: alpha-mode failure, ex-vessel steam explosions
in-pedestal and drain lines or downcomers), vessel blowdown. and direct heating. These failure probabilities
do not include steel shell failure by melt impingemem dom core debris ejected from the pedestal cavity nor do
they include failures in free s: .ndmg steel shc!! contaimnts from dpamic loads as a result of ex vessel steam
explosions in the suppression pool that can yamhny occur if molten core debris exits the pedestal cavity and
enters the pool through the downcomers (this latter failure mode was addressed by the Contamment Loads
Working Group and is discussed in NUREG-1079'). Plants that are vulnerable to these failures should r. nod'fy

the failun: probabilities, takmg into account the plant spectfic features that contribute to the vulnerability. The
failure probabilities also do not consider long-term failure modes, such as core-concrets interactions or long-
term drywell heatup Bypass and events with contamment failure or drywell venting hr ve been -mtad for
previously. The branch probabilities for these questions are predetermmed and a:: not calculated by the
licensee. The licensee could change the probabilitzes by providing a suitable argument that plant-specific
features affect the quantification. The licensee should consider plaitt-specific features that mcrease the
contamment failure such as for the steel shelled containment and not only those plant-spetit.e: features that
mitigate severe accidents.

Table B-2. Mark II Conditional Contsmment Failure Probabilities

Path Pressure Water Total Failure
Probability.

4 14 Yes 0.1

6 14 No 0.3

8 Hi Yes 0.3

10 Hi No 0.3

B .6 BWR Mark III Containment

Figure B 5 prmides an evmt tree which allows amelmt =aa- to be allocated to one of two consequence categories
for use with PRAs for BWRs with Mark 111 tontamments. The stmeture of the event tree is based on the premise that
all early releases that are scrubbed by the suppression pool are sufficiently low that by themselves will not result in
individual early fatality risk. Hence, if an early failure occurs with thWetionahty of the suppression pool intact,it
is assumed that the early scrubbed releases will not pose an early fatalny threat to the population within one mile of
the plant boundary, and that this population will evacuate before substantial core concrete interaction releases or late

iodine releases from pools are of a magnitude to cause individual early fatality risk (except in the case of a seismic
event, as noted in Fig:r;; O 5) Each top event question in the event tree is discussed below. The licensee would be
expected to povide the split fractions for all questions with the exception of Question 7.

i

1 "Esnmates ofEarly cetainrnset loads from Cu Melt Accidents,''Dr:ANUREG-1079, December 1985.
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No Unscrubbed
No Unscrubbed tgniten Contamment
Containment Opating Cae Damage

Failure /Vcnt Before Core Arrested No Potential for Faihre Before tarse Early

Core Damage Before VB Dar age Without VB E. arty Fataihtics RPV Depress. er at VB Path Release

4 s 6 7

1 2 __S i No

: No

|

~
3 No

4 Yes

$ No
*

6 Yes

7 No-

Y
g No

-

9 No

y
10 Yes

D
11 No

, ,

12 Yes

13 No

14 No
,
' 15 Yes

t

Figure B-5 BWR MarkIII Contamments

In the case of seismic initiators, there is a possibility that effective warning and evacuation may be precluded due to the
disruption of waming systems and evacuation paths. If the co,tamment structure is predicted to survive the event,the

* Note:

likelihood of long term containment heat removal should be investigated. If CHR is predicted to fail (for any set of
reasons) the contamment will eventually fail due to over y-wiadon and, the consequence category should be "yes"
category since it is unlikely that evacuation will occur.

,

Special Note for Mark III Cantainments:

Mark m e..:, . ..- na aco mially have a double layer contammmt, with the drywell and suppression pool formmg one
layer and the outer ennv=h structure formmg the other layer. In the questions below, the term enntainment failure
refers to contammentfuncnonal failure and regmres the following two conditions to both be met:

The outer containment is breached, and1.
Either the drywell pressure boundary integrity is breached (e.g., by stuck-open drywell vacuum2.
breaker, overpressure failure, or failure to isolate) or the suppression pool drains sufficiently to negate
the scrubbing function of the suppression pool.
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Question 1: Core Damage Frequency?

This is simply the entry point for the event tree. The frequency for the accident sequence under consideration
is entered here.

Question 2: Cent =iment Failed / Vented Prior to VB (Releases not scrubbed by suppression pool)?

This question addresses when the contammmt is failed st the start of the accident or prior to vessel breach
(VB). Fathres at the start of the accident include bypass sequences (Event V), mntammmt isolation failures,
and sequences where the contamment is initially open. For example, during cold shutdown and refueling, if
the contamment is open aad the vessel head is removed, no credit is given for closing the mntammmt in the
presence of the radioactive environment within the mnummmt Failures after accident initiation that are
addressed here include those due to insufficient containment heat removal, e.g., during ATWS or loss of
mntamment heat removal. Loss ofcontamment heat removal or other non-ATWS sequences where the only
breach of containment integrity prior to vessel failure is through wetwell vents should be put into the "OK"
category. Contammmt failure due to uncontrolled hydrogen burns during core damage are considered in
Question 7.

Question 3: HydrogenIgniters Before CD?

This question invoh es the fraction of the core damage frequency in which the igniters are operatmg prior to
core damage (CD). Nonactuation of the igniters prior to core damage increases the probabihty of an
uncontrolled hydrogen burn.

Question 4: Core Damage Arrested Prior to Vessel Fail.tre? -

This question accounts for the fact that some sequene.:s may be arrested in-vessel without significant releases
from the RPV. All arrested em- are assigned io the lav consequence category. Shutdown events where
the vessel head has been removed should all be placed in the " Breach" category. Credit for in-vessel arresting
of the accident wun only be given for cases where recovering AC power willlead to the restoration ofECCS
withm 30 inmuts of the onset of core damage For example, no credit will be given for an operator manually '
depressunzmg the reactor and scing a Icw pn:ssure system btw core damage and vessel breach. If cooling
is restored within 30 minutes, tre orrhability of successful arrest is assumed to be 1.0, and if cooling is
restored after 30 mmuts the probability ofsuccessful arrest is =sa-nM o be 0.0. 'Ihe inclusion of this eventt
in the tree and the assignmme of the success path to the no "large early release" consequence category are
based cm the prennse that the time window is sufficently short that mimmal in-vessel releases will occur and
that they willhave a high probabihty ofb:ing scrubbed by the suppression pool, including those from ATWS.

Question 5: No Potential for Early Fatalities?

Early fatalities are largely precluded if an effective evacuation has wme; only a small fraction of the
populanon is agW to remam behmd. Therefore, this question considers the fraction of the remammg core
damage frequency (excluding sequences that were arrested, as e==W for in the previous question) that
involves an effective evacuation This question allows long-term sequences, such as loss of contamment heat

runoval sequences (TW) or long-term boiloff sequences during shutdown, to be placed in the Low category
without the need for a detaded evaluation of the ultimate containmmt response. Seismic sequences should all
be placed in the peti =1 for early fatality branch on the event tree. Note that to place a sequence on the
branch labeled no pnrennal for early fatality, a licensee should provide information concernmg when a general
emergency would actually be declared and the expected evacuation time required. For shutdown sequences

DG 1061, Appendix B B-16 March 24,1997
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with the vessel head removed, the time available for evacuation is the time from declaration of a general

er e y to the onset of core damage. For other sg . the time available is the time from declarationc

of a general emergency to vessel breach. The licensee should use one hour for the time from onset of core
damage to vessel breach.

Question 6: RPV Depressurtzation?

The contamment failure probabihty will be impacted by the RPV pressure at vessel breach This quesuon
addresses the fracuan of the remammg core damage frequency (excluding sequences rm=W for by previous

gesnans) that me at low versus high pressure The top branch is the fraction at low pressure, and the bottom
branch is the fracuan at high pressure. It is considemd reasonable to use the pressure at the time of core

eiss is
damage, rather than the pressure at vessel breach, if the latter is not readily available. High r
considered to be anythmg above 200 psig in the vessel

Question 7: Contamment Failure Before or At VB (Releases not scrubbed by suyrdon pool)?

Mg on the answer to Questions 2 and 6, the matamment failure probability is assigned. These failure
probabilities (refer to Table B-3 below) implicitly armmt for the following pF = == hydrogen bums before
and at s essel failare, alpha-mode failure, ex-vessel ste= explosions, vessel blowdown, and direct beatmg.
They do not uxisider long-term failure modes, such as core concrete interactions or long term pedestal crosion.
Bypass events have been accounted for previously. The branch probabilities for these questions are

a and are not calculated by the ke=er The licensee could change the probabilities by providingr4
a suitable argument that plant-specific features affect the quantification. The beensee should consider plant-
g=* features that increase the contamment failure and not only those plant-specific features that mitigate
severe accidents.

Table B-3. Mark III Conditional C='==mant Failure Probabilities
.

Path Igniters Presture Total Failure Prob

4 Yes Im 0.2

6 Yes High 0.2

10 No 1m 0.2

12 No High 0.3
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Attachment to Appendix B:
Definition of Containment Failure Mode Classes

Early Structural Failure

involves structure failure of the cantamment before, during or slightly after reactor vessel failure, usually within a few
hours of the start of cae damage A variety of mechanisms can cause early structure failure such as direct contact of
the core debns with strel enntamnetc, rapid pressure and temperature loads, hydrogen combustion and missiles
genented by fuel-coolant interactions.

Containment Bypass

lavolves fahre ofthe pressure boundary between the high-pressuy reactor coolant system and a low-gems aux 2hary
system For PWRs it can also occur because of the failure of the steam generator tubes, either as an initiating event
or as a resuk ofsevere acadent conditions. In these =renarios, if core damage occurs, a direct path to the environment

can exist.
-

Containment Isolation Failure

-Failure to isolate lines that penetrate the contamment (the frequency of contamment isolation failure meludes the
frequency of pre-existmg unisolable leaks).

Late Structural Failure

Involves suwt= al failure of the contamment several hours after reactor vessel failure. A variety of machanisms can i

cause late structure failure such as gradual pressure and 4.we increases, hydrogen combustion, and basemat melt- )
through by the core debris.

I

Containment Venting

ven,in, -ed as uu,,. o, . nt.--t - - , ~ ~ vents - -.s \
i

:

l

,

i

I

B-18 March 24,1997
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1. INTRODUCTION
*

1.1 Background ..

During the last several years both the U.S. Nuclear Regulatory Commission (NRC) and theh l d to the point
. nuclear industry have recognized that probabilistic risk assessment (PRA) as evo ve
where it can be used to a greater extent in supplementing traditional @=-9ing approaches in
reactor regulation. After the publication ofits policy statement (Reference 1) on the use ofPRA
in nuclear regulatory activities, the Commission directed the NRC staff to develop a regulatory
framework that incorporated risk insights. That framework was articulated in a November 27,
1995, paper to the Commission (Reference 2). This regulatory guide, which addresses inservice
testing (IST) and its companion regulatory documents (References 3-11) implement, in part, the
Commission policy statement and the staffs framework for incorporating risk insights into the
raant*ian ofnuclear power plants. .

In 1995 and 1996, the industry developed a number of documents addressing the increased use of
PRA in nuclear plant regulation. The American Society ofMechanical Engineers (ASME)
published a imd. guidance document on risk-based IST (Reference 12) and la:er initiated code
cases addressing IST component importance ranking (Reference 13) and testing of certain plant
components using risk insights. The Electric Power Research Institute (EPRI) published its "PSA;

Applications Guide (Reference 14) to provide utilities with guidance on the use of PRA
information for both regulatory and non-regulatory applications. The Nuclear Energy Institute.

(NEI) distributed a draft guideline on risk-based IST (Reference 15) for comment, and then
distributed a revised guideline (Reference 16) based on comments received.

'

.

1.2 Purpose and Scope

Current IST programs are performed in compliance with the requirements of 10 CFR 50.55a(f)
and with Section XI of the ASME Boiler and Pressure Vessel Code which are a part of each
plant's current licensing basis (CLB).2 This regulatory guide describes an acceptable alternative

'This regulatory guide adopts the 10 CFR Part 54 ddnition of current licensmg basis. That is, ' Current Licensmg
Basis (CLB)is the set ofNRC imp

.ac applicable to a specific plant and a heensee's written commitments for
ensunng compliance with and operation with in applicable NRC requirements and the plant-specific design basis
(including all -esf ;kr.a and additions to such commitr.aents over the life of the licensee) that are docketed and in
effect. The CLB includes the NRC regulanons.-- --- 1' in 10 CFR Parts 2,19,20,21,26. 30,40,51,54,55,70,72,
73,100 and .yya. ices thereto, orders, heense conditie ts; exemptions; and techmcal specifications. It also includes the
plant specific design-basis infonnation ermed in 10 CI R 50.2 as documented in the roost recent final safety analysis

.

a

DG-1062
1-1

March 14,1977 (E:11am)

.

*
.

, - ,



_ . . _ . . _ . . _ _ _ _ _ _ _ . _ _. _ _ _.._ _ _ _ _ __ _ . _ _ _ .._ _. _

|
DRAFT Fan CouwshT ,

I

approach applying risk insights from PRA to make J egs to a nuclear power plant's CLB|

specific to the IST pic,, is. An accompanying new Stanclard Review Plan (SRP) chapter
(Reference 9) has been prepared for use by the NRC staffin reviewing RI-IST applications.
Another rel=*ory guidance dmanant, Ragidamry Guide DG-1061, "An Approach for Plant-,

'

Specific Risk-Informed Decision M=leing General G Maa~" (Reference 3) is referenced
throughout this report. Regulatory Guide DG-1061 provides overall guidance on the technical
aspects that are common to developing sc~a'ahle risk-informed pio,.iss for all applications!

such as IST (this guide), inservice ia a-etian, graded quality assurance, and technical,

specifications. Addi:issel information on PRA applications is given in draft NUREG-1602, "A
'

Standard for Probabilistic Risk Assessment (PRA) to Support Risk-Informed Decisioa==leing,"
!

. draft for comment September 27,1996 (Reference 18). Further information twding the'

relationship between this guide, the ralated SRP chapter, DG-1061, and NUREG-1602 will be
givenin Section 1.4.

e'= method for developing
This regulatory guide gives application-specific details on an acm
risk-informed IST (RI-IST) programs and supplements the information given in Regulatory Guide,

DG-1061. It gives guidance on acceptable matha4 for utilizing PRA information together with
established traditional engineering information in the development ofRI-IST programs that have
improved effectiveness regardmg the n+L= tion of plant resources while still maintaining
acceptable levels of quality argl safety .

In this regulatory guide, an attempt has been made to strike a balance in defining an acceptable
process for developing RI-IST programs without being overly prMydve. Regulatory Guide
DG-1061 identifies a list of high-level safety principles that must be maintained during all risk-
informed plant design or operational ch=p. Regulatory Guide DG-1061 and this guide identify;

acceptable approaches for addressing these basic high-level safety principles, however, licensees
may propose alternate approachef for consideration by the NRC staff. It is intended that the
approaches presented in this guide be regarded as examples of acceptable practice and that
licensees should have some' degree of flexibility in satisfying regulatory needs on the basis of their
accumulated plant experience and knowledge.

.

report (FSAR) as required by 10 CFR 50.71 and the liceawe's comuntmeats remem.ag in efect that were made in
i

anckeranceaeme e such as Irrawe responses to NRC bulletms, generic letters, and enforcernent
actions, as well as licensee commitments d~ amented in NRC safety evaluations or licensee event repons *

March 14,1997 (8:11am)
j 12
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1.3 Organization
t red to follow the approach given in Regulatory Guide DG-1061.

'% Mar 2 gives a brief overview of a four element process envisioned in the development of an
di' Ibis regulatory gui e s struc u

RI-IST pis
.m. This piecess is iterative and generally not sequential These elements alsols Chapter 3 addresses

annmarize the NRC review oflicensee risk-informed program proposa .ST program are described.
ar

the first element in the piecess in which the proposed changes to the IThis description is needed to determine what supporting information is needed and to defme howi h

subsequent reviews will be performed. Chapter 4 contains guidance for perform ng t e( nd

engineering evaluation needed to support the proposed changes to the IST program secoi d

process element). Chapter 5 addresses program implementation, performance monitor ng, anChapter 6 addresses documentation requirements (fourthh h ld becorrective action (third element).
element) for licensee submittals to the NRC and identifies additional information t at s ou7 contains
n=mtnined in the licensee's records in case later review or reference is needed. Chapteri IST-
a list of references, and the appendix contains additional guidance for dealing with certa n

'

i td

related issues such as might anse during the deliberations of the licensee in carrying out ntegra edecision making. Ac~ptance guidelines are provided throughout the document for the individual
!

|
,

topics.

Relationship to Other Guidance Documents
.

L4

This regulatory guide gives detailed. guidance on an acceptable approach to implement risk-Thir application-specific guide makes extensive reference to draft'

insightsinIST programs
Ragniawy Guide DG-1061.

Coma =aion regulatory guides (References 4-6) address inservice inspection, graded quality
assurance, and technical specifications, and contain guidance similar to that given in this RI-IST
guide. New SRP chapters =Wa+=d with each of the risk-infonned regulatory guides are given
in References 7-11. The SRP sections are intended for staffuse during the review ofindustryT
requests for risk-informed program changes. SRP Section 3.9.7 (Reference 9) addresses RI-IS
and is consistent with the guidance given in this regulatory guide.

References 12-17 give industry guidance for use in developing risk-informed regulatory program
changes. These documents have povided useful viewpoints for the staffs consideration during the
development of the NRC regulatory guidance documents.

.
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1.5 Relationship to the Maintenance Rule

The Maintenance Rule requires that licensees monitor the performance or condition of structures,
systems, or components (SSCs) against licensee-est.ablished goals, in a manner sufficient to
pies reasonable assurance that such SSCs are capable of MHing their intended function.
Such goals are to be established, where pr=*+1e, commensurate with safety, and are to take
into account industrywide operating experience When the performance or condreion of a
component does not meet established goals, appropriate corrective actions are to be taken.

Compaaaa+ monitoring'that is pdorn,sd as part of the Maintenance Rule implementation can be
used to satisfy monitoring needs for RI-IST, and for such cases, the performance criteria chosen
have to be compatible to both the Maintenance Rule requirements /guidaa~ and the RI-IST

|
guidance provided herein. Where a licensee chooses to rely upon its Maintenance Rule

|
monitoring to also satisfy the monitoring needs ofits RI-IST program, for safety-related and
important to safety SSCs, that monitoring should be subject to the requirements of Appandix B to|-
10 CFRPart 50.

,

.

.
1.6 Relationship to the Proposed Data Rule

The proposed rule on reporting reliability and availability information for risk-significant systems
and equipment (i.e.,10 CFR 50.76,61 TR 5318) and the ===-i=+ad draft Regulatory Guide DG-

.

1046 (Reference 19) are intended to provide rehability and availability data on selected systems
and equipment in U.S. cc,-i icial nuclear power plants for use by both the NRC and its
licensees The data would be compiled by the NRC in a. centralized d=+=h==a. .The definitions and
information requested are intended to be sufficient to quahfy the database for regulatory

applications of probabilistic risk ===e== ment (PRA) that fall within the hmitations of the data, e.g.,

RI-IST programs. Licensees that choose to implement RI-IST programs will be expected to use
such plant specific data, in conjunction with their plant-specific PRA, to help categorize
components into the two IST component groups, i.e., low-safety-significant components (LSSCs)
and high-safety-significant conryencats (HSSCs). Information gained about the types of failures
that occur will also help define the appropriate testing strategies for the two groups of -
components. In addition, these data will help to improve the accuracy of plant-specific PRA
estimates of changes in plant risk projected to result from changes in IST programs

|

I*
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2. AN ACCEPTABLE APPROACH TO RISK-INFORMED DECISION
MAKING FOR INSERVICE TESIING PROGRAMS

.

2.I Key Safety Principles

R 1**ary Guide DG-1061 identifies five key safety principles that must be met for all risk-
informed applications and which must be explicitly addressed in risk-informed plant programchange applications. As indicated in Regulatory Guide, while these key principles are state us ngd i

f ible,to utilize ril
traditional engineering terminology, efforts should be made, wherever eash k
evaluation techniques to help ensure and to show that these principles are met. T ese ey
principles and the location in this guide where each is addressed for RI-IST programs are as
follows:

.

1. Theproposed change meets the current regulations. [This applies unless the proposed
change is explicitly related to a requested exemption or rule change.]

(This principleis addressed in Sections 3.1 and 4.1 of this guide.)I

- 2. Defense in-depth is maintained.

(Section 4.3)
<

3. Supicient safety margins are maintained.

(Section 4.3)

4. Proposed increases in risk, and their cumulative efect, are small and do not cause the
NRCSafety Goals to be exc~dod

(Sections 4.2,4.4)

##
,,gp, ,

}'sns

correesive action.
(Chapter 5)

R. egulatory Guide DG-1061 gives additional guidance on the key safety principles applicable to all
risk-informed applications. Figure 1 of this guide repeated from Regulatory Guide DG-1061

|

. illustrates the consideration of each of these principles in risk-informed decision making.t

(
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| Figure 1 Principles of Risk-Informed Regulation

!
!
i

'
!

2.2 . A Four-Element Approach To Risk-Informed Decision Making for1

:

|
Inservice Testing Programs

i

| - Chapter 2 of Regulatory Guide DG-1061 describes a four-element process for developing risk-
informed regulatory changes. An overview of this process specifically related to RI-IST programs

|
' is given in this chapter and illustrated in Figure 2. The o.rder in which the elements are performed

may vary or occur somewhat in parallel depending on the particular application and the preference!
of the program developers.'

;

!

|
2.2.1 Element 1: Define Proposed Changes to the lnservice Testing P wgram.

In this element, the licensee should identify the particular components that would be affected by
;

| the proposed changes in testing practice. This would include those components currently in thej
IST program and possibly some that are not ifit is determined through new information and

| insights such as the PRA that these additional components have importance for plant risk.
Specific revisions to testing schedules and methods should be described.' Plant systems andj

functions that rely on the affected components should be identified. Chapter 3 gives a morei
j

i
detailed description ofElement 1.

F

l
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2.2.2 Element 2: ConductEng'ineeringEvaluation

In this element, the proposed ^=agae are :=oa.ed in light of the current plant licensing basis to
evaluate the effect of the changes. Areas that are to be evaluated include the expected effect of
the ivyd RI-IST pre i-ii on design basis accidents, potential core damage accidents,
defense-i@ath attributes and safety margins Traditional aa_% and PRA methods arer s

both used in the evaluation. The resuhs of the two complementary methods are considered
tagahar in an integrated decision process that will be carried over 'mto the implementation phase
described below in Element 3. During the integration of all of the available information, it is
vad that many issues will need to be resolved through the use of a well-reasoned judgement
process oRen involving a combination of different ende,,dsg skills. This activity has typically
been died to in industry documents as being performed by an " expert panel" As di==ad
further at the end of this chapter and in the appendix, this important process is the licensee's
responsibility and may be accomplished by means other than a formal panel In any case, the key
safety principles di==d in this guide must be addressed and shown to be satisfied irregardless

~

of what approach is used for RI-IST program decision ==Wg.

In the planning stages of the program, PRA resuhs may be used to categorize components into
LSSC and HSSC groupingsc After a plan has been developed, a calculation is made using the
plant-specific PRA to evaluate the effect of the planned program changes on the plant risk as
measured by core damage frequency (CDF) and containment larger early release frequency
(LERF). The risk evaluation should explicitly consider the affected IST components to the extent
that it is feasible to model them in the PRA. The necessary scope of the PRA depends upon the
particular systems as well as modes ofoperation that are affected. Regulatory Guide DG-106)
contains extensive guidance regarding the sp+Ag evaluation including acceptance guidelines
for projected risk change. Additional application-specific details concerning RI-IST programs and
Element 2 are contained in Chapter 4 of this guide.

12.3 Element 3: Develop Implementation, Performance-Monitoring, and Corrective
Action Strategies.

In this element, plans are formulated that ensure that component reliability is mM**ined
ce#== rate with the component's safety significance; The planned conditions for operation
should be consistent with the assumptions in the PRA analysis to ensure that the PRA results
reflect the expected plant behavior. Both testmg intervals and methods should be specified, and,
to the extent practicable, the testing methods should address the relevant failure mechanisms that
could significantly affect component rehability. In the event that component failures occur during
the RI-IST progrrm, guidance for evaluatingthe need for, and the implementation of, corrective

DG-1062
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action should be included in the plans. Specific guidance for Element 3 is given in Chapter 5.

2.2.4 Dement 4: Document Program Proposal

The final element involves preparing that documention to be included in the submittal'and that to
be C=*+i by the licensee for later reference (i.e., archival) if needed. The submittal will be
reviewed by the NRC according to the standard review plans given in SRP (NUREG-0800)
Chapter 19 and Section 3.9.7 (References 7 and 9 respectively). Documentation requirements
for RI-IST programs are given in Chapter 6 of this regulatory guide.

In carrying out this process, the licensee will neco to make a number of decisions based on the
best available information. Some of this information will be derived from traditional engineering

practice and some will be probabilistic in nature resulting from PRA studies. It may be that
certain issues dim =~I in this guide are best evaluated through the use of tradrtional engirsdig
approaches, but for other issues, PRA may have advantages. It is the licensee's responsibility to
ensure that its RI-IST program is developed using a well-reasoned and integrated decision
process that considers both forms ofinput information (traditional engineering and probabilistic)
including those cases in which the choice of direction is not obvious. Examples of this latter
-situation are when there is insufficient information to make a clear decision or if the PRA results
appear to disagree with the traditional engineering data. This important decision-making process
may at times require the participation of special comb'mations oflicensee expertise (staf!)
dependmg on the technical and other issues involved and may at times also have a need for
outside consultants. Industry documents have generally referred to the use of an expert panel for
such decision making. The appendix to this guide discusses a number of IST-specific issues such

as might arise in expert panel dehkrations .
~

.

.
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3. ELEMENT 1: DEFINE PROPOSED CHANGES TO INSERVICE
TESTING PROGRAM

In this first element of the process, the proposed changes to the IST program are defined. This
involves desaQ what IST components (e.g., pumps, valves, snubbers) will be involved and how
their testing would be changed. Also included in this element is an identification of supporting
information, and a proposed plan for the licensee's interactions with the NRC throughout the
implementation of the RI-IST.

3.1 Description of Proposed Changes

A full description of the proposed change in the IST program is prepared. This description would
include:

An identification ofthe aspects of the plant's CLB that would be affected by the proposed RI-
(1) IST program. To provide a basis from which to evaluate the proposed changes, the licensee

should also confirm that the plant's design and operation is in accordance with its CLB.

An identification of the specific revisions to existing testing schedules and methods that would
(2)

resuh from implementation of the proposed program
j

An identification of the components in the plant's CLB that are both directly and indirectly!

(3) involved with the puposed testmg changes. Any components that are not presently covered|

in the plant's IST program but are determined to be important to safety (e.g., through PRAjinsights) should also be identified. In addition, the particular systems that are affected by the
proposed changes.should be identified since this information is an aid'in planning the -

'

supporting engineering analyses

An identification of the information that will be used in support of the changes. This will
(4)

include performance data, traditional engineering analyses and PRA information.

A brief statement describing the way in which the proposed changes meet the objectives of
(5)

the Commission's PRA Policy Statement.

.

Do.1062
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|

3.2 Formal Interactions With The Nuclear Regulatory Commission |
|
1

nis section gives guidance on the need for licensee myu. Gig of program activities and for formal
!

|,

! NRC review of der s made to RI-IST programs.
I
''

The licensee can make changes to its approved RI-IST program under the following condnions:

1. % made to the NRC-approved RI-IST program that could affect the process and results that
were reviewed and approved by the NRC staff (including the change in plant risk associated with the
% of the RI-IST program) should be evaluated to ensure that the basis for the staff's prior

.

I
approval has not been compromised. If there is a question regarding this issue, the licensee should
seek NRC review and approval prior to knplementation. .

2. AH changes should also be evaluated using the change n i nisms described in existing applicable!

regulations (e.g.,10 CFR 50.55a,10 CFR 50.59) to determine if NRC review and approval is
required prior to implementation.

t For example:

Changes to component groupings, test intervals, and test methods that do not involve a*

change to the overall RI-IST approach where the overall RI-IST approach was reviewed and
approved by the NRC do not require specific (i.e., additional) review and approval prior to
implemernation provided that the effect of the changes on plant risk increase is insignificant.

.

Coinpersa test method changes involving the implementation of an NRC endorsed ASME.

Code, NRC-endorsed. Code Case, or published NRC guidance which were approved as part
of the RI-IST program do not require prior NRC approval.

Test method changes that involve deviation from the NRC-endorsed Code requirements*

require NRC approval prior to implementation.

Changes to the RI-IST p cy n that involve yrup.mmatic changes (e.g., changes to the plant-

probabilistic model assumptions, changes to the grouping criteria or figures of merit used to
.

categorize components, and changes in the' Acceptance Guidelines used for the licensee's|

integrated decision-making process) require NRC approval prior to implementation.-

I March 14,1997 (9:03em)3-2
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5
Component test method changes will typically ' volve the implementation of an applicable ASMEt m
Code or code case (as approved by the NRC) or published NRC guidance. Changes to the:

component test wh~h for these situations do not require prior NRC approval. However, test
|

method changes that involve deviation from the NRC approved code requirements do require NRC;

| approval prior to implementation.

The licensee will include in its submittal, a proposed process for deton#&.g when formal NRC
: -

I

:
review and approval are or are not necessary. As dimmi, once this process is approved by the

j NRC, formal NRC review and approval are only needed when the process determines that such a
4

review is m=ry, or when changes to the pivcess are requested.;

i
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4. ELEMENT 2: ENGINEERINGEVALUATION

!

Overview of Approach |After the proposed change to the licensee's IST program has been defined, the licensee should
,

W"M an engineering evaluation of the proposed change using a combination of traditional;

!

engineering methods and PRA. The purpose of this evaluation is to evaluate the proposed change
!

!
in light of the current licensing basis of the plant to ensure that plant risk is maintained at'

r=*ahle levels The results cf this evaluation are to be used in conjunction with the PRA-based
information such that the two different approaches complement one another. The major objective|:

of this evaluation is to confirm that the proposed program change will not compromise defense in
j

,

|
!

depth and other key safety principles described in Chapter 2. Regulatory Guide DG-1061 givesj| general guidance for the performance of this evaluatioa supplemented by the RI-IST-specific)!

|
guidance hereu

.

-.

1

1

4.1 Traditional Engineering Evaluation
'

-

!

This part of the evaluation is based on traditional engineering whmis (not probabilistic). Areas
.

|
to be evaluated from this viewpoint include the potential effect of the proposed RI-IST program

| on design basis accidents, defense 'm-depth attributes and safety margins As indicated above,
defense-in-depth and safety margin should also be ev=M*d. as feasible, using risk techniques;

:
I (PRA).

i
'

4.1.1 Evaluating the Proposed Changes to the Current Licensing Basis
i

i A broad review of the CLB may be ->===ry. Proposed IST program changes could affect
i

requirements or commitments that are not explicitly stated in the licensee's safety analysis report.!
Furthermore, staff approval of the design, operation, and maintenance of components at the

| facility have likely been granted in terms other than probability, consequences, or margin of safety.
Therefore, it may be more appropriate to evaluate proposed IST program changes agamst other

!

more explicit criteria (e.g., criteria used in either the licensing process or to determine the:

|
acceptability of component design, operation and maintenance).

>

Section 50.55a of 10 CFR allows the Director of the Office of Nuclear Regulation to authorize:

| alternatives to the specific requirements of this regulation provided that the proposed alternative
| will ensure an acceptable level of quality and safety. Thus, ahernatives to the examples of
1-

!
Do.1062
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e'-hMe RI-IST .yyie presented in this guide may be proposed by licensees so long as
supporting information is provided that demonstrates that the key safety principles discussed in
Chapter 2 of this guide are =2 ?=i

!

Acceptance Guidelines

The sources ofinformation for the tradstional engineering part of the evaluation should include the
| IST plan Lifwirc.etion Mu%e s--genent functions from the design-basis de=arne, references

to relevant plant licensing con '^==^= and approved relief requests. On a component-specific
'

basis, the licensee should identify each instance where the proposed IST program change will
affect the CLB of the plant and demard the basis for the acc.y;.bility of the proposed change|

by explicitly addressing each of the key safety principles. If the CLB is not affected by the,

'

proposed IST pivs.. . -.r , the licensee should indicate this in its RI-IST pro,c-il~

description.
!

.

.

4.1.2 Inservice TestingProgram Scope!

50.55a specifies IST requirements for certain safety-h m % %%
nents are t be tened accordmg to the requirements of Section XI of the American

| ,$e hanical Engineers (ASME) Boiler and Pressure Vessel Code (the Code) or the
i soci

" and Maintenance (O&M) Code. Both Section XI and 10 CFR 50.55a statecabl
-

theist wna or main g the d

cond on, r g

To ensure that the proposed RI IST program will provide an acceptable level of quahty andI

safety, the licensee should use the PRA to identify the appropriate scope of components to be
included in the program. All of the componerra that are important to the scope of an RI-IST
program must be identified. This will normally include all components that are within the scope
of the current IST prograiii. In addition, licensees may identify structures, synems and
components (SSCs) with high risk significance which are not currently subject to traditional Code|

requ6r.sats or to a level of regulation which is commensurate with their risk significance. PRA|

systematically takes credit for non-Code structures, systems and components (SSCs) as providing
support, acting as alternatives, and acting as backups to those SSCs that are wnhin the current
code. To maintain the validity of the PRA as it is used to categorize components and to evaluate
the effect of the proposed RI-IST program on plant risk, the assumptions regarding component,

|

| M*'SbId'l''7(83I'")e2
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!

>J EJ!ity and availability must be preserved. Arw./Jigly, these additional risk-important SSCs
should be MW in licensees' RI-IST proposals. Sp&1ly, the licensee's RI-IST program,

scope should include those ASME Code Class 1,2 & 3 and non-Code components that the
licensee's integrated decision-making process categorized as HSSCs and thus determined these,

j a to be .yyiey.!.te additional candidates for the RI-IST program.
| E=rs

To preserve the PRA assumptions which contntute to supporting the proposed RI-IST prep.ir
s

the PRA should also be used to evaluate RI-IST program test requirements (test interval and
Wa) as well as practicable. Consequently, for the IST components within the scope of the
proposed RI-IST program, the licensee should examine the test strategies currently in place to-

evaluate the test strategy effectiveness, and where appropriate, modify the test strategy.

Acceptance Guidelines

The RI-IST program scope is acceptable ifit includes, in 2ddition to components in the current
Code prescribed program (i.e., Code class I,2, & 3 components), those AShE Code Class 1,2,
& 3 and non-Code components categorized as HSSC. Test strategies should be evaluated to
ensure that they are consistent with PRA assumptions.

4.1.3 Inservice Testing Program Changes

his section dinaec what licensees need to consider if they propose to change only IST
intrsvals (i.e., if they propose to contuue to use the existing approved Code test methods), or if|

)
thr.y choose to change both IST intervals and test methods

.

Acceptance Guidelines- General

The licensee should reevaluate the IST interval (and methods as applicable) for HSSC
components that were the subject of an approved relief request, or an NRC- authorized
alternative test. The licensee should resubmit relief requests, and requests that alternatives be

|
authorized, along with risk-related insights, for NRC staff review and approval. !

In establishing the test strategy for LSSC components, the licensee should consider componenti

design, service condition, and performance, as well as risk insights. The proposed test interval,

DG-1062 ;4-3*
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must be supported by both generic and plant-specific failure rate data and the test interval should
be %ahly less than the ara ~*=d ime to failure of the SSC in question The rationale for thet

proposed change in fest interval and its relationship to avaar'ad i'ne to failure should bet

provided. The licensee should ensure that adequate component gir*y (i.e., margin) exists,
above that required during design basis conditions, such that E=i-:== operating characteristics
over time do not result in reaching a point ofinsufficient margin before the next scheduled test.

activity. The IST interval should generally not be extended beyond once every 5 years or 3
refueling outages (whichever is longer) without specific maaaning document d justification.
Extensions beyond 5 years or 3 r=A_=3iag outages (whid.as:r is longer) will be considered as

e+4 =t performance data at extended intervals is acquired and as PRA technology improves.-

IST components (with the exception of check valves) should, as a minimum, be exercised or
operated at least once every refueling cycle. Ifpractical, more frequent exercising should be |

considered for components in any of the following categories:
1

'

i) Components with high-risk significance;
'

ii) Components in adverse or harsh environmental conditions; or
I

iii) Components with any abnormal characteristics (operational, design, or

maintenance conditions).

Licensees choosing to pursue RI'-IST programs should consider the adoption of enhanced test !
.

2
strategies developed with ASME risk-based IST Code cases endorsed by the NRC (or the
revised ASME Code after the risk-based Code cases get incorporated into the Code and endorsed |

by the NRC). Deviations frcm endorsed Code cases (or revised ASME Code) should be |

reviewed and approved by the NRC staff via relief requests prior to implementation..

For components that the licensee proposes to place in the HSSC category and that are not iri.the
~ ~ j

licensee's currerr IST program, the following conditions should be met: |
!

These components should be tested in accordance with the ASME Code cases (or revised ASME'

Code), including compliance with all administratrve requirements Where ASME Section XI or
O&M Code testing is not practical, attemative test methods should be developed by the licensee

2 Genene lener 96-05,"Peno&c Ven6 cation arDemsn-Basis Capability of Safery-Related Motor-Opemed
Valves," issued %- 18,1996, mdicates that risk insights may be used in developing MOV periodic venfication
programs. It also endorses (with knutations) ASME non-mandawy Code Case OMN-1, entitled: " Alternative Rules for
T.M;c and laservice Tesing of Certam Electric Motor Operated Valve Assemblies in LWR Power Plants, OM
Code 1995 Edition; Subsection ISTC." This code case provides for the use of risk insights in enablishmg an MOV test

program; however detailed gmdance is not included. Li<vneae pr,-us are subject to NRC review.

DG-1062 4-4 March 14,1997 (8:11am)
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to ensure operational E=f=== and to detect wrug,.m degradation (i.e., degradation associated
with failure modes identified as being important in the licensee's PRA). As a minimum, a
summary of alternative test methods should be reviewed and approved by the NRC as part of this
review and prior to implementation of the RI-IST prey.ui at the plant.

Acceptance Guidelines - Changes to Test Interval (Only)

If a licensee proposes to only change IST interval (i.e., if the licensee proposes to continue to use
the existing approved Code test methods), then the process used by the licensee to categorize
components should satisfy the following conditions:

a) The engineering evaluation should give consideration to components that are potential
candidates for decreased component test intervals as well as to candidates for increased
intervals.

b) The effectiveness of the current IST program in determining the capability of the
component to carry out its intended function should be nWead. Test intervals should
only be extended for components that are tested using methods that have the capability to
detect component degradation associated with the important failure modes and causes

.

identified in the plant's PRA.

c) Extensions to test intervals will be " step-wise."

Acceptance Guidelines - Changes to Test Interval and Method

A pis (similar to that described in Reference 16) should be used to develop an appropriate
test strategy for IST components. For the HSSC components this should invnive the following
activities:

i) a component failure mode and cause analysis ;

a structured qualitative assessment of the effectiveness of each potential test basedii)
on its ability to detect failure, to detect conditions that are precursors to failure,
and predict end of service life; and

iii) a strategy formulation and evaluation for each component taking into account
generic and plant-specific performance histories.

-

DG 1062 ,.
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These tasks may be accomplished through the ASME's IST Code Case (References 13 and 17) as
approved by the NRC. If a lican=aa proposes to change both IST intervals and IST methods,

j t

then the process used by the licensee to categorize c+m ==* should identify componentse

j whose test strategy should be more focused as well as components whose test strategy might'be
,

i
i

relaxed. Extensions to test intervals should be made step-wise.
|

i i'

4.1.4 Relief Requests and Technical Speciru:stion Changes.

! licensees proposing changes in IST programs based on risk considerations need to address
.

|
certain issues related to requesting relief from existing program requirements:

.

:
Acceptance Guidelines

. .

Reliefis required for any HSSC or LSSC cou.yc,im.s for which the test methods are not
| in accordance with NRC approved ASME code requirements or NRC guidance.

*

|
4

Reliefis required for any HSSC components for which the test frequencies are not in
,

|
*

accordance with the approved ASME code reqtamos;ns or NRC guidance.'
-

|
The licensee must submit and have approval of a technical speciScation amendment prior

| *

to implementing the RI-IST program for any components for which there are proposed'
-

changes in technical specification requirements.

On a component-specific basis, the licensee should identify each instance where the proposed RI-
IST program changels not consistent with the guidance given above. In each such case, the.

licensee should document the basis for the acceptability of the proposed difference.

4.2 Probabilistic Risk Assessment

Overview of Approach for Probabilistic Evaluations.
Issues specific to the IST risk-informed process are discussed in this section. Regulatory Guide
DG-1061 contains much of the general guidance which is applicable for this topic.

The risk-informed application process is intended not only to support relaxation (test interval or
method), but also to identify areas in which increased safety resources would be justiSed. An

March 14,1997 (8:11am)4-6
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@ RI-IST process should therefore not focus exclusively on areas in which reduced
te6ut could be justified. The increased testing might take the form of a cou.da. cat to verify
component operability other than through formalist; for example, credit of this kind might be
justified for components whose operability is indirectly and partially verified as a result ofIST of
other E =r-:+ = This chapter, therefore, addresses IST-specific considerations in the PRA in
order to support both relaxation and #=+== of verification of component operability.

The following PRA outputs are generally needed for RI-IST applications :

1. core damage frequency (CDF) and CDF change
2. containment large early release frequency (LERF) and LERF change

3. =iai=1 cut sets (MCS)
4. Fussell-Vesely Importance (FV) and risk achievement worth (RAW) for all SSCs before and

. after proposed changes, including those from all sensitivity studies
.

In addition, the FV and RAW importances of all components are required to identify instances in
which increased attention (IST or other programs such as technical specifications) might be
warranted.

,

4.2.1 Probabilistic Risk Assessments for Inservice Testing Applications
..

Quality and Scope of the PRA

For the quantitative results of the PRA to play a major and direct role in decision-making, there is
a need to ensure that they are derived from "quahty" analyses. Guidance in quality issues for the
badme PRA and for the scope of the PRA is provided by the Regulatory Guide DG-1061.

.

Level of Detail of the PRA 4

The development of a Rl-IST program will require that plant-specific PRA information be
available to identify those IST components that contribute most significantly to the plant's
estimated risk. Compenents covered should include the following:

Safety-related components that are relied on to remain functional during and after design-.

basis or beyond design basis events to ensure the integrity of the reactor coolant pressure

DG 1062
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boundary, the capability to shut down the reactor and maintain it in a safe shutdown
condition, and the capability to prevent or mitigate the consequences of accidents that
could resuh in potential offsite exposure comparable to 10 CFA Part 100 guidelines.

non-safety-related components*

that are relied on to mitigate accidents or transients or arr. used in plant emergency-

operating procedures

whose failure could prevent safety-related components from fulfilling their safety-.

related function

whose failure could cause a reactor scram or actuation of a safety-related system-

Acceptance Guidelines

This issue is addressed acceptably if-

The PRA quahty and scope is acceptable as defmed in the general Regulatory Guide DG-*

*

1061.

The components in the proposed RI-IST progam are induded in the PRA model, or*

reasons why they are not modeled arejustificJ and documented in terms of the potential
effect on the plant's risk.

.

All components in the proposed RI-IST program for which credit is taken regarding the*

plant's accident response capability are shown to be within the scope of programmatic
activities (IST, GQA, ISI, maintenance, monitoring).

The licensee justifies that the proposed RI-IST program will not introduce vulnerabilities.

or remove from programmatic activities components needed to ensure satisfactory safety
performance.

In addition, this guide describes licensee documentation and submittal needs for NRC review.

DG-1062 4-8 March 14,1997 (8:11am)
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4.2.2 Calculating the Risk Increase from Changes in Test Interval
.

In order for the PRA to support the decision .yy,vpisely, there rhould be a good functional
mapping between the coir.por,s;ts associated with IST and the PRA basic event probabihty
?=*in tion. Part of the basis for the acceptabihty of any RI-IST program is a Tw We
demonstration by use of a qualified PRA that estabhshed risk measures are not signiE=*1y

ca

irud by the proposed extension in testing intervals for selected components In order to
establish this demonstration, it is necessary that the PRA include models which .pp.vpriately
account for the change in rehability of the components as a function of testing interval (or test'

frequency). When feasible, it is also desirable to model the effects of an enhanced testing method.
For example, enhanced testing might be shown to improve or maintain component availability,
even if the interval is extended. That is, a better test might compensate for a longer interval
between tests. . Licensees who apply for substantial increases in test interval are expected to
address this area, i.e., to proactively seek improvements in testing that would compensate for the
ira id intervals under consideration.

-

The following steps should be performed-

identification of all RI IST systems, and components(1)
identification of all affected cut-sets and RI-IST-related basic events(2) review of the model used to quantify each affected basic event. Most fundamentally, the

(3)
process should consider the effect of test strategy (interval and method) on unavailability

A check should also be performed to determine if non-IST manipulation has been credited either
in IST basic events or in comp =-%-w.r.per.s;t basic events. If a component is stroked or
challenged between instances of IST, and if these activities are actually capable of forcing;

recognition of a component failure, then the effective fauh exposure time is indeed less than thej

RI-IST interval. It can be .yy.vpriete to take credit for this effective shortening of fault exposure|

time in the PRA quantification, provided that there is assurance that the important failure modes
'

r

are in fact identified by the stroking or the system challenges. This is not always trivial: if a
functional success can be achieved 13 my one of a components in parallel, so that the function

-

exMs even if n.1 of the components fail, then merely monitoring sue,arul functional
>

response does not show whether all components are good, unless proactive verification of each
component's state is undertaken.' In addition to this, some instances of revealing a component
fault through challenge have adverse consequences, including function,al failure, and if credit is
taken for shortening fault exposure time through functional challenges, then it is necessary to
account for this downside in the quantification of acc.ident frequency.

;

DG 10624-9March 14,1997 (8:11am)
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Modeling Increases In Test Interval

The relationship between the component unavailability on demand, q, and the test interval is
usually approximated by:

q = % AT

where:

1 is the failure rate, and

'

T is the time interval between tests.

In addition to transitions to a failed state that occur between component demands or tests, there is
also a " demand-related" contribution to unavailabihty, corresponding to the probability that a
component will fail to operate when demanded, even though for some purposes it would have
been considered " good" before being subjected to the stress of the demand itself. This would
have the effect of adding a constant to the test-interval-dependent contribution to q . identified
above. The assumption that the total q scales linearly with the test interval (i.e., doubles when
test interval doubles) is " conservative" in the sense that it scales the test-interval-independent .
contribution along with the test-interval-dependent contntution, and in that respect tends to
overstate the effect of test interval extension. This approximation is therefore considered
acceptable; however, it should be noted that guidance aimed at improving the capability of tests to
identify loss of performance margin is aimed partly at reducing the " demand" contribution as well,
so that improved modelling in this area would appear to have the potential to support further
improvements in allocation of safety resources. ~

As test intervals are extended, there is some concem that the failure rate,1, may increase. This
failure rate, generally ==_-A constant, is based on data from current IST test intervals, and
therefore does not include effects which may arise from extended test intervals. It is possible that
insidious effects such as corrosion or erosion, intrusion of foreign material into working parts,
adverse environmental exposure, breakdown oflubrication, etc. which have not been encountered
with the current shorter test intervals could significantly degrade the component if test intervals
become excessively long. One way to address this uncertainty is to use the PRA insights to help
to design an appropriate implementation and monitoring program, for example, to approach the
interval increase in a stepwise fashion rather than going to the theoretically-allowable maximum in
a single step, or to stagger the testing of redundant components (test different trains on
ahernating schedules) so that the population of components is being sampled relatively frequently,
even though individual members of the population are not. By using such approaches, the

DG 1062 4-10 March 14,1997 (8:11am)
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existence of the above effects cast be detected and compensatory measures taken to correct the
testing of the remaining population ws..bss. However, it is important that the monitonng
"A enough tests to be relevant, and that the tests are capable of detecting the time related
degradation (performance monitoring is dismaM in Section 5.2).

Modeling Enhanced Testing Procedures

In addition to the issues raised by leaving components untested for longer periods, there is also
the issue of test effectiveness Licensees are encouraged to employ enhanced testing techniques
to improve detection of degraded and failed components. Alllicensees proposing to extend
testing intervals should also address test effectiveness This includes both conscious effort to
improve testmg according to state of the art guidance, and, for licensees who wish to invoke
credit for detecting degraded components, improvements in reliability modelling of basic event
probabihty as a function of testing policy. .

,

Acceptance Guidelines

The PRA should include a model which provides an appropriate measure of the risk
significance of extending the test interval on selected components. This requires that the

. ~

model directly addresses the change in component availability as a function of test interval.
' - The analysis should include:

an explicit quantitative consideration of the degradation of the component failure*

rate as a function of time, supported by..yyicpdate data and analysis,

,

OR

arguments which support the conclusion that no significant degradation will occur.+

The model should consider the effects of enhanced testing to the extent practicable. If the-

application seeks a substantial increase in interval, then a proactive search for
compensating improvements in testing should be made. If the testing is shown to be

;

.already as effective as can be expected, then an absolute requirement for test improvement:

should not be imposed. However, an evaluation should be made to detennine whether any,

| common cause group is slated for a major extension of test interval, and if so, whether |

there is any way that enhanced testing could address common cause potential.
|

DG-10624-11March 14,1997 (8:11am)
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If crecht for enhanced testing was taken, the model should treat it explicitly.

4.2.3 Categorization of Components
.

General guidehnes for risk categorization of components using importance measures and other
information are provided in Regulatory Guide DG-1061. These general guidelines address
acceptable methods for carrying out categorization and some of the hmitations of this process.
Guidelines that are specific to the IST application are given in this section. As used here, risk
categorization refers to the process for grouping IST components into LSSC and HSSC
categories.

As indicated, risk importance results from the PRA may be used as one of the inputs to the
categorization process. Unfortunately, many components ofinterest to Rf-IST are often not
included in existing PRA models, and so there is no quantified risk importance information for
these components. When feasible, adding these components to the PRA should be considered by
the licensee In cases where this is not feasible, information based on traditional engineering
analyses and judgement must be used to determine if a component should be treated as LSSC or
HSSC.

, The identification of components for a change in IST intervals or test methods can be done using
different methods. Component categorization by use ' fPRA importance measures to classify,o
components into HSSC and LSSC categories is one method. Categorization or component
grouping may also be accomplished using more traditional engineering approaches with data
developed from operating experience.

In addition to component categorization efforts, the determination of safety significance of
components by the use ofPRA-detwaared importance measures is important for several other
reasons:

When performed with a series of sensitivhy evaluations, it can identify potential risk-

outliers by identifying IST components which could dominate risk for various plant
configurations and operational modes, PRA model assumptions, and data and model
uncertainties.

Importance measure evaluations can provide a useful means to identify improvements to.

current IST practices during the risk-informed application process.

DG 1062 4-12 March 14,1997 (8:11am)
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System level importance results can provide a high level verification of component level*

results and can provide guidance for the is. king ofIST components that are not modeled
in the PRA.
.

While stegorization is an essential step in d fining how the RI-IST will be impiarnar*d it is not
an essential part of ensuring the maintainance of an rgable level of plant risk. As desented in
Section 4.2.5, the sensitivity of risk ' ngrtance measures to changes in IST inrategy (i.e.,u

proposed for RI-IST) can be used as one input to overall understanding of the effect of this
strateg on plant risk. However, the traditional engineering evaluation desen%d in Section 4.1
and the calculation of change in overall plant risk described in Section 4.2.5 provide the major

input to the determination of whether the risk change is acceptable or not.

.

Acceptance Guidelines

When using risk importance measures to identify high and low safety significant components,
potential limitations of these measures have to be addressed. Variations (Wbding uncertainties)
in PRA modeling techniques, assumptions, and data could have a significant impact on the results
of the component categorizations using importance measures. Sendtivity studies and/or other
evaluations have to be carried out to ensure that changes in risk importance categorizations due to
these effects do not result in RI-IST programs that have unacceptable levels of plant risk. Issues
that have to be considered and addressed when determining low safety' significance of components
include: truncation limits; different risk metrics; muhiple component impude.ces; consideration
of all allowable plant configurations; sensitivity analysis for common cause failures; and sensitivity
analysis for recovery actions. These issues are discussed more in detail in Regulatory Guide DG-
1061.

In addition to results from PRA importance measures (and the associated serddvity studies), IST |

components should also be categorized based on traditional engineering considerations and on
plant-specific operational characteristics.

.

.

4

.
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!
! 4.2.4 Other TechnicalIssues
,

4.2.4.1, Initiating Events
,

j For purposes of determining RI-IST requirements, d initiating events (internal and external) and
' d operating modes should be evaluat x1 to see whether initiating events and predicted plant

| response are affected by RI-IST prorosed d4r -. At a minimum, d internal event initiators
! . that have been evaluated in the PRA and d external event initiators that have been shown to

| contribute to the upper 95 p-wa of the total CDF have to be included in the IST risk

j determination process In addition, other initiators i-Wg those that have been ww.;,d out
! (eliminated) from the base PRA have to be considered by answering the following questions.
|

| (1) Does the IST issue involve a change that could lead to an increase in the frequency of a
particular initiator already included in the PRA7

! (2) Does the IST issue involve a change that could lead to an increase in the frequency of a.

| particular initiator initially screened out of the PRA?
I

| (3) Does the IST issue affect the quantification of previously identified accident scenarios for

j specific initiators that were screened out and eliminated from the PRA b= of
truncanon?

1

i (4) Does the IST issue affect only specific initiators?

-(5) Does the IST issue have.trie ' potential to introduce a new initiating event?

i ,

e i
|

!. Acceptance Guidelines
I
:

(1) The impact of the proposed plant change on the potential for event initiators (internal and
external) already included in the PRA should be determined. For example, less frequent

[ testing could lead to an increase in the frequency of transients for the loss-of-feedwater or

| loss of support systems. The initiators included in an evaluation should ' clude anym

initiators for which the plant change directly affects the frequency of the initiating event.
~

i
; (2) The impact of the plant change on the frequency of an initiating event originally identified

j in the PRA but screened due to low frequency should be determined. For example, ifless ,

frequent pump and valve testing could lead to an increase in the frequency ofloss-of . '

1
~
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coolant-accident (LOCA) initiators that were initially screened from an analysis of a
.

shutdown plant operational state (POS), then the impact of such an increase in LOCA
frequency should be isw.. .=!

| (3) The impact of the plant change on the failure rates of SSCs already included in a risk
ana.ysis should be ce==id-red. SSCs that show a change in their failure probability as a5

result of the plant change should be addressed in the analysis. Therefore, initiators which
|

!

|
depend on the affected SSCs to achieve safe shutdown and that were initially eliminated

-

from the PRA should be rF=iaad
~

(4) If the regulatory issue affects only specific initiators, then only those speciSc initiators
should be sadned. For example, if the issue results in changes only to the fire barrier
failure probabilities, then only those initiators important to fire risk w ll have to be

i

rey...2:.wi

(5) The effect of an IST program change should be examined to determine whether it could
introduce a new initiating event. If so, then its effect should be included in the PRA.

4.2.4.2 Dependencies and Common Cause Failures

The effects of dependencies and Common Cause Failures (CCFs) for IST components need to be
considered carefully because of the significance they can have on core damage frequency.
Generally, data are insufficient to produce plant-specific estimates based solely on the data. For
CCFs, data from gerieric sources may be required.

Acceptance Guidelines

For those components for which CCF contributions are not included in the PRA models.

and this exclusion is justified on the basis of historical and engineering evidence driven by
current IST requirements, there would be no assurance that the CCF contnbution would
not become significant under the new proposed IST requirements. Therefore, this issue
has to be addressed either using sensitivity smdies or as part of a qualitative assessment.

For RI-IST applications, the potential for cross system CCFs should be investigated..

Guidance for performing such evaluations is given in Regulatory Guide DG-1061.

i
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4.2.4J Uncertainty and Sensitivity Analyses

Uncertainty and sensitivity analyses are er +=d o play an important (and complex) part in thet

support of risk-lufunned IST program der @. The current guidance on these topics is given in
P9~y Guide DG-1061. It is expected that certain application-specific guidance will be,

i developed from the ongoing NRC reviews of the proposed RI-IST pilot plant programs.
t

.

't

4.2.4.4 Human Reliability Analyses

Guidance on this topic is given in Regulatory Guide DG-1061. Some IST-specific guidance
follows.

.

. .

Acceptance Guidelines,

:

The technique (s) used to identif and quantify human actions should be such that they take*
f

into account the performance-shaping (or performance-influencing) factors that are
| applicable for IST-related events.

The effects ofinnovative recovery actions that are modeled in the PRA should be! - .-

| considered to determine how component ranking can be affected. The concern here stems
i from situations in which very high success probabilities are assigned to recovery events for

-

j certain sequences, thereby resulting in related components beingrisk insigni5 cant.
; Furthermore, the ranking of SSCs should not be affected by recovery actions that are only

modeled for limited scenarios. Sensitivity analyses should be used to assess the impact of
'

| variations in the probability of failure to recover.
j

f. 4.2.4.5 Use of Plant-Specific Data
'

In selecting appropriate failure rate data to use in the RI-IST program for the IST components,,

! the analyst is frequently faced with the question of whether to use plant specific or generic data,
! or some combination of the two. For newer plants with little operating history, the only choice is

use of generic data. For those cases where significant plant specific data are available, usually it is
most appropriate to combine plant specific and generic data with a method that gives appropriate
weight to each.

!

|
,
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As extended test intervals are phased in, revisiting failure data becomes more important. It also
bar=< more important for each licensee to review operating experience (in panicultz,
degradation mechanisms) myd.wd at other plants for applicability to the licensee's plant.
Performano: monitoring at individual plants cannot be expected to provide sufficient experience
to ustify failure rates siez +=iy less than generic failure rates without reference to the operating
experience ofother plac.

Finally, in considering plant-specific failure data, it is important to be able to recognize
poorty-performing individual wieper a., rather than allowing poor performance of a single

cow to be averaged over all winper.ents of that type. Poor performance may arise because
ofinherent characteristics of one ir-..!,cr of what would otherwise be considered a uniform
r; htion. This would result in a higher than arpa *=d failure rate for the population and lead to
us.: relaxation than might be anticipated. Of more concern is poor performance of components
that arises h===a they are operating in a more demanding environment for example. If for
reasons of expedieng, these components are grouped together with others for which the
op dng conditions are more favorable, then their failure rates could become artificially lowered,
and, if requirements are relaxed based on the group failure rate, this could lead to a significant ,

'

probability of experiencing an in-service failure of one of these poor performers

cceptance Guidelines

For those cases where statisticdly significant plant specific data are available, it is.

acceptable to use such data if they are appropriately combined with generic data. For
those licensees who propose to use plant specific data only, the data should be justified.

When the PRA is updated periodically, components that have experienced failures should j
-

be checked for evidence that they are a= pad =Hy poor performers An extreme example of i

such evidence would be multiple failures experienced by a single component in a class |
'

whose other members have myeriensd no failures over the same interval. Components
that have experienced failures should be reviewed to see whether the testing scheme
(interval and methods) would be considered adequate to support the performance credited
to them in the risk analysis, based on a component-specific failure rate consistent with the
number of failures experienced. Section 5.3 of this guide discusses feedback and

corrective action.
|
l

'

|

1
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| 4.2.5 Evaluating the Effects inf the Proposed Changes on Plant Risk
i

j An assessment of the overall or cumulative effect of all proposed A=aga in plant design and

j- operation on plant risk is critical to detennining the ee y-W&y of the A=agae. This guide
. addresses ec- ,- :A-le methods for assessing risk changes ===acintad with IST program changes,

,

; however, if changes in graded quality assurance or technical specifications are also being
considered, the integrated effects of all of these proposed activities should be~ evaluated.;

;

I IJcensees should not assume a low failure rate in one application, e.g., IST, then reduce quahty
assurance of components included in the IST program (possibly negating the ==?med low failure l4

~

rate) without providingju ::i--=tc= It is possible that more frequent testing (RI-IST) could l

i carnpaa*=+a for a reduction in quahty assurance or maintenance provided, again, that supporting

; analysis and documentation is included in a licensee's ="W*+=1

i Acceptance Guidelines
~

i

i See Section 2.4.2 ofRegulatory Guide DG-1061 for more extensive guidance on this subject.
1

,

i
i

4.3 Demonstration of Conformance with Key Safety Principles-
:

| , Section 2.1 of this guide indicates specific sections of the guide that address each of the key safety
'

principles including asFwice guidelines Two of the more difEcult areas are those involving;

! consideration ofdefense in depth and safety margin. These are addressed in this section to
| identify the major areas to be considered consistent with Rag"1=+ary Guide DG-1061. More

i application specific guidance will be added after the staff gains more experience from the review
'

of theist pilot plant programs.
.

!

Defense-in-depth evaluation
:

j As stated in Regulatory Guide DG-1061, general design criteria, national standards and

j engineering principles such as the single failure criterion are to be considered. Assurance that
j this criterica is met is when:

$
the PRA shows that there is preserved a reasonable balance between core damage; .

j prevention, prevention of containment failure, and consequence mitigation,
;
1
i
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1

there is not an over-reliance on programmatic activities to compen . ate for plant design+

w=='====,

system redundancy, independence and drversity are ==imalval commensurate with the+

==*M frequency and consequences of challenges to the system,

defenses against paa *ial common cause failures s1 == s =A, and th: introduction of '' ~
;

!
-

new common cause falhare mechanisms is avoided,
i

findependence ofbarriers is not degraded, and-

;
defenses against human errors are ==ir*=iaed-

|

l

Safety margin evaluation
~

|
|

Assurance that this criterion is met is mainly demonstrated by showing that the codes and
standards or alternatives approved for use by the NRC that are associated with IST and discussed

i i. in Section 4.1 are met. The second means for demonstrating suscient safety margin is a rev ew
!

of the safety analysis acceptance criteria in the CLB (e.g. updated safety analysis report (USAR),
supporting analyses) showing that these crite ia are still met for the proposed RI-IST program, or i

.

!

that sufficient margin exists to account for analysis and data uncertainty.
.

4.4 Integrated Decision Making'

This section dicen==a= theintegration of all of the technical considerations involved in reviewing j

submittals from licensees proposing to implement RI-IST programs. General guidance for risk-
informed applications is given Regulatory Guide DG-1061 (Reference 3) and in the new SRP
sections, Chapter 19 (Reference 7) for general guidance, and Section 3.9.7 (Reference 9) for IST
programs These documents discuss a set of regulatory fmdings that form the basis for the staff's
writing an acceptable safety evaluation report (SER) for a licensce's risk-informed application.
SpWemHy, Section 2.1 ofRagu1=*ary Guide DG-1061 identifies a set of" expectations" that
licensees should follow in addressing the key safety principles. Due to the importance of these

findmgs, certain of them will be repeated here.
,

1

I
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Necessary Findings

The comprehensive plant model, including the PRA and the e=W=W deterministic*

analysis, is technically sound and supports the rest of the f=Ha** regarding the proposed
RI-IST program. The analysis is based on the as-built and as-cim. sed and i.-40.ed
plant..

'

All safety haa=* of the proposed d c to the licensee's IST program have been*

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 he sees as undesirable. The eyrusch used to

-

identify changes in requirements for IST were used to identify areas where reqta. i-.s in
IST should be increased as well as reduced. ,

The emptslity of the proposed changes to the licensee's IST program have beenr*
evaluated by the licensee in an integrated fashion that ensures that all of the key safety

,

principles are met.

The cumulative risk evaluation accounting for all of the proposed IST program changes*

confirms that changes to the plant core damage frequency (CDF) and large early release |

frequency (LERF) are small in conformance with the guidelines given in Section 2.4.2.1 of
Regulatory Guide DG-1061.

.

Appropriate consideration was given to uimley in the analyses and interpretation of ;
*

|the results , ,

!
Certain qualitative and defense /m-depth evaluations have been performed,'and insights.

from these have been duly inecir,. sed into the classification scheme, the performance
goals, and the associated pu,.... etic activities. These evaluations confirm that
sufficient safety margins and defense in depth are sii.iisir.ed.

The licensee's proposal was subjected to quahty controls including an independent peer*

review.

Pumps, valves, snubbers and operator actions have been identified and appropriately
!

.

classified for use in prioritizing and implementing the program In particular, important
components not modeled in the PRA have been identified and appropriately classified
utilizing available detemunistic supporting information.
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After the RI-IST programis eyyiw;;d and hMaud plant performance is supported byi *

testing and analysis and maintained by prey .. etic activities goals by wooperisen
;

against specific performance enteria.
*

-.,
0

! The data, analysis methods and assessment criteria used in the development of the RI-IST*

| are scrutable and available for public review.

|
*Ihese Wla:= are seen to comprise both yid,etilistic and traditional engineering considerations,

:

which are addressed in more detail in this chapter and in Rp=wy Guide DG-1061.
f
I

j G*a== are myected to review commitments related to outage planning and control to verify
s

! that they are appropriately reflected in the licensee's component grouping. Licensees should

|
verify that IST components that play an integral role in the licensee's plans and procedures for

; maintaining the key shutdown safety functions identified in NUMARC 91-06 are in the high safety

| significant component group. This should include components requiredto maintain adequate

! defense in depth as well as components that might be operated as a result of ce.wingency plans

|
developed to support the outage.

!

j Lha-= are also expected to review licensing basis documentation to ensure that the traditional ,

|
engineering related factors mentioned above are adequately modeled or otherwise addressed in

i the PRA analysis.
t

|-
When making fmal yiegsen.reatic decisions, choices must be made based on all of the available-

!
information. There may be cases where information is incomplete or where conflicts appear to

|
exist between the traditional engineering data and the PRA-generated information. It is the

responsibility of the licensee in such cases to ensure that well-reasoned judgement is used to .
| resolve the issues in the best manner possible 'mcluding due consideration to the safety of the;

plant. This process ofintegrated decision making has been diras==A in various industry;

documents (References 14 through 19) with. reference to the use of an " expert panel." The
{ appendix to this regulatory guide includes some detailed guidance on certain =&s ofintegrated!

|
decision making specific to RI-IST programs As dim ==ad in the appendix, it is not intended to
specify that an administrative body such as an expert panel must be always formed by the licensee

|

|
to AdM1 this function. Following below are some general acceptance guidelines for this important

activity with more specific details given in the appendtx.

!
In summary, acceptability of the proposed change should be deteindned using an integrated!

decision-making process that addresses three major areas (1) an evaluation of the proposed
j! change in light of the plant's current licensmg basis, (2) an evaluation of the proposed change

i
-

.

DG-1062:

{
March 14,1997 (9:05am) 4-21

i
1

|
I
1

.

.. . .- .. - . . . -



. _ . _ _ _ _ _ _ _ . _ . _ _ _ _ _ . _ . . _ _ . . _ _ . _ - _ - - - - _ _ _

DRAFTFOR COMhfENT
.

relative to the key principles and the e-:--;-4+== criteria, and (3) the proposed plans for
-?= ^ don, performance monitoring, and corrective action. As stated in the Commission's

Policy Statement on the increased use ofPRA in ra<=>1=+ary matters, the PRA ' formation used.tom

support the RI-IST program should be as realistic as possible, with reduced unmeary
conservatisms yet includmg a maaideration ofuncertainties These factors are very important
when <=eidering the cumulative plant risk and mecan*irig for possible risk increases as well as '

risk benefits. The licensee abould carefully document all ofthese kinds ofconsiderations in the
RI-IST program description including those areas that have been quantified through the use of

.

.

PRA as well as Ti=*='he arguments for those areas that cannot be readily ;>='* Hied.
.

Acceptance Guidc!!nes

The licensee's proposed RI-IST program should be supported by both a traditional*

engineering analysis and a PRA analysis.

The licensee's RI-IST program submittal should be consistent with the acceptance=-

guidehnes contained throughout this regulatory guide, specically with the fmdings listed in
this section, orjustify why an alternative approach is acceptable.

If the licensee's proposed RI-IST program is acceptable based on both the deterministic=

and probabilistic analyses, it may be concluded that the proposed RI-IST program
provides "an = crap *=Me level of quality and safety" [ref.10 CFR 50.55a (a)(3)(i)].

\

\

|

|

\

.

I
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5. ELEMENT 3: IMPLEMENTATION, PERFORMANCE MONITORING,
AND CORRECTIVE ACTION STRATEGIES

,

Upon approval of an RI-IST program, the licensee should have in place an implementation
schedule for testing all HSSCs and LSSCs identi5ed in their program. This schedule should
inchide test strategies and testing frequencies for HSSCs and LSSCs that are within the scope of
the licensee's IST program and components identi6ed as HSSCs that are not currently in the IST !

Program.

|

5.I Program Implementation
,

The current ASME Code requires that all safety-related components within the program scope as
de6ned in the applicable ASME Code be tested on a quarterly frequency regardless of safety
signi6cance The authorization of a risk ~mformed inservice testing program will allow the
extensioa of certain component testing intervals and modi 6 cation of certain component testing
methods based on the determination ofindividual component importance The implementation of
an authodi.d program will involve scheduhng test intervals based on the results of probabilistic*

analysis and deterministic evaluation of each individual component.

The RI-IST program should distinguish between LSSCs and HSSCs for testing intervals.
Components that are being tested using specific ASME Codes, NRC-endorsed Code cases for PJ--

IST programs, or other applicable guidance should be individually identified in the RI-IST
program. The test intervals of the HSSCs should be included in the RI-IST program for
verification of compliance with the ASME Code requirements and applicable NRC-endorsed
ASME code cases Any ce=4enent test interval or method which is not in conformance with the )
above should have an approved relief request for that component. Plant corrective action and

- feedback programs (see Section .) should be appropriately referenced in the IST program and
implementing and test procedures to ensure that testing failures are fed back to the plant expert
panel and IST coordinator for reevaluation and possible adjustment to the component's grouping
and test strategy.

It is acceptable to implement RI-IST programs on a phased approach. Implementation ofinterval
extension for LSSCs may begin at the discretion of the licensee Implementation may take place
on a component, train or system level because extension of the test interval for these components
(i.e., either individually or as a group) will have already been demonstrated through PRA and
associated sensitivity analysis to have a minimal impact on the 6gures of merit. However, it is not
acceptable to immediately adjust the test intervals of LSSCs to the maximum testing interval

March 14,1997 (8:11am) 5-1 DG-1062
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aBowed by the PRA analysis unless camaaa-* performance has d~aaaetrated significant.

reliability or that aging is not an issue. Normally, test interval increases will be done step-wise
with gradual extensions being permitted consistent with cumulative perfonnance data for
operation at the extended intervals The licensee will be required to submit the actual testing |

!
intervals with their RI-IST program sulxnittal.

l

For HSSCs, if the licensee initiaUy chooses not terimplement any of the ASME Code cases
directed at providmg alternative test strategies for RI-IST programs (when endorsed by the NRC
staft), then testing will be ea=Aw+=d at the required Code interaval. Otherwise, the
implementation phase of the RI-IST program will be predominantly guided by ASME Code cases
Implementation may take place on a component, train, or system level as allowed in the Code
case.

For components that the licensee proposes to place in the HSSC group that are not in the
current IST program, the following conditions should be applied:

-

These components should be inservice tested commensurate with their safety significance. Where ,

ASME Section XI or O&M testing is practical, these components should be tested in accordance !

with the ASME Code, indadhg compliance with all administrative regs.o os. Where ASME
Section XI or O&M testing is not practical, ahernative test methods should be developed by the
k- to ensure operational readiness and to detect component degradation (i.e., degradation ,

I
associated with failure modes identified as being important in the licensee's PRA). As a minimum,-

' a summary of shernative test a-'M should be reviewed and approved by the NRC as part of
this review and prior to implementation of the risk-informed IST program at the plant. This is
consistent with previous NRC. practice.

.

A majwity of components contained within plant IST programs are exercised or operated for
,

reasons other than inservice testing such as during normal plant operations and as a resuh of other

component inservice testing. The remaining components are exercised only during IST. An
exercise of a component as part of a system test or normal operations does not constitute an
inservice test Wu-it provides little or no information on component degradation. However,
dependmg on the system test or plant activity and the extent that the component is exercised,
assurance can be gained that the component operated at the time of the test. While this provides
little or no information on component degradation, it does provide some assurance that any

degradation that may have occurred was not significant enough to degrade the system function.

An acceptable method to extend the test interval for LSSCs that are exercised as a result of plant
operations and other testing is to group like components (e.g., NRC Generic Letter 89-04,
Position 2 for check valves) and stagger their testing equally over the interval identified for a

DG-1062 5-2 March 14,1997 (8:11am)
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operations and other testing is to group like components (e.g., NRC Generic Letter 89-04,
Position 2 for check valves) and stagger their testing equally over the interval identified for a
specific component based on the probabilistic analysis and deterministic evaluation of each
individual component. Component grouping should also consider valve actuator type for power
sie valves and pump driver type, as applicable. With this method, generic age-related
failures can potentially be identified while allowing immediate implementation for some
components. LSSCs which are exemised only during RI-IST should have their intervals
extended by gradually stepping out the current and successive test intervals until the proposed
Maad~i test interval established by the licensee in their engladsg evaluation is =" aim
Then, these low LSSCs should be tested on a staggered basis. The selected test frequency for
LSSCs that are to be tested on a staggered basis should be justified in the RI-IST pregism.

Acceptance Guidelines

For either HSSCs or LSSCs that will be tested in accordance with the current Code test interval
and method requirements, no speciSc implementation schedule is nwsssry. The test interval
should be included in the licensee's RI-IST program.

f
For either HSSCs or LSSCs that will employ NRC endorsed ASME Code cases, implementation

' of the revised test strategies should be documented in the licensee's RI-IST program.
.

For any alternate test strategies proposed by the licenaae, Se licensee should submit a relief .
request to the NRC as dim >*=~i in Section 4.1.4 of this gd!e.

The licensee may group and test LSSCs, which are exercised as a result of plant operation or
testing of other components, on a staggered and extended interval basis provided that they have
acceptable performance histories. Grouping is acceptable provided it complies,.for example,
with the guidance contained in NRC Generic Letter 89-04, Position 2 for check valves;
Supplement 6 to NRC Generic Letter 89-10 and Section 3.5 of ASME Code Case OMN-1 for

,

motor operated valves.

f Component monitoring that is performed as part of the Maintenance Rule implementation can be
used to satisfy monitoring as described in the RI-IST program guidance. In these cases, the
performance criteria chosen have to be compatible with the RI-IST guidance provided in this

f

i

guide.
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iFor LSSCs that will be tested at an interval greater than the Code test interval, which are not
exercised as a result of plant operation or testing of other components, the licensee should
increase the test interval successively in a step-wise manner until the components are tested at
the manmum proposed test interval provided these components have acceptable performance
histories. If no age-dge=d=a failures occur, then the test interval can be gradually madad i

!
until the component, or group of components if tested on a staggered basis, is tested at the
maximum proposed ave = dad test interval.

5.2 Performance Monitoring

The purpose of performance monitoring is to help -anfirm that the failure rates assumed for this
equipment remain valid, and that no insidious failure mechanisms which are related to av'adad
test intervals become important enough to alter the failure rate assumed in the PRA models. The |

important criteria must be measurable and the test frequency must be sufficient to provide

j manningful data. In addition, the testing procedures and analysis must provide assurance that

j performance degradation is detected with sufficient margm that there is no adverse effect on

j public health and safety (i.e., the failure rates cannot be allowed to rise to im==-p*=hle levels
2 before detection and corrective action take place).
i I

| A performance monitoring program should be included as part of the licensee's RI-IST rvporu

!
if extending the test intervals for LSSCs is proposed. This program must provide assurance that |

components placed on the evtandad est interval will continue to perform as ==-d in the PRA,t!

; and that any performance degradation is detected and corrected before the extended test program

j is fully implemented. The prograiu should also include monitoring similar component
performance at other plants to establish a sufficient data base of temporal related degradation.j

j . Testing procedures should detect degradation in component perforrnance and ideally would
~

|
replicate, as much as practical, actual dammad conditions.

In sammary, the performance monitoring program should have the following attributes:
4
;

enough tests are included to provide meaningful data;j .

:
the test is devised such that incipient degradation can reasonably be expected to be1 .

i detected, and
:

I the licensee trends appropriate parameters as required by the ASME Code or ASME
j .

Code Case and as necessary to provide validation of the PRA.

!
: 5-4 March 28,1997 (1:46pm)
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Acceptance Guidelines

The awpre guidelines for this item consists of evaluating the licensees proposed performancewing discussion.
monitormg process to assure that it responds to the attrilmtes listed in the pr
Assurance must be established that degradation is not significant for components that are placed
on an extended test interval, and that failure rate assumptions for these components are not

ffi i ti is provided as part
w..+iesssed by test data. It must be clearly established that su c ent tes ng
of the yroy.si to provide signiscant data, and that the test procedures and evaluation methods
are implemented which provide reasonable assurance that degradation will be detected. Trending
as appropriate should be performed by comparing parameters measured during RI-IST-

programs with the same paramenters measured during the original IST programs

.

5.3 Feedback and Corrective Action

If component failures or degradation occur at a higher rate than assumed in the basis for the RI-
IST program, the following basic steps should be followed to implement corrective action:

The cause(s) of the failures or degradaaon should be det nJesd and corrective action.

implemented.

The assumptions and failure rates used to categorize components acco'rding to risk should
be reevaluated to detennine if component imponance rankings have changed.

.

The equipment test effectiveness templates should be reevaluated, and the RI-IST.

program should be modified accordingly,

i |
'

i

'

.
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l
j Acceptance Guidelines
i

! a. The M= -:::'s corrective action program should evaluate RI-IST components that either*

fail to meet the test mer prance criteria or are otherwise det uJr.ed to be in a,

j nonconforming condition (e.g., a failure or degraded condition discovered during normal
lP ant operation).!

4

i
; b. The evaluation should.
I

I (1) comply with 10 CFR 50, Apper. dix B, Criterion XVI, Corrective Action
! (2) determine the impact of the failure or nonconforming condition on system / train'

operability since the previous test,
| (3) determine and correct the root cause of the failure or nonconforming condition
} (e.g., improve testing practices, repair or replace the component),
| (4) assess the applicability of the failure or nonconforming condition to other
j components in the RI-IST program (including any test sample expansion that may
; be required for grouped components such as reliefvalves),

l
) (5) correct other susceptible RI-IST components as w=y, I

i (6) assess the validity of the PRA failure rate and unavailab' ity assumptions in light ofd
! the failure (s), and -

! (7) consider the effectiveness of the component's test strategy in detecting the failure
j or nonconforming condition. Adjust the test interval and/or test methods, as
!

appsopriate, where the component (or group of components) experiences repeated
! failures or nonconforming conditions.
:

j The corrective action evaluations should be provided to the licensee's PRA group so thatc.

i any maaary model changes and re-grouping are done as might be appropriate. The
| effect of the failures on plant risk should be evaluated as well as a coriu u.dion that the
! corrective actions taken will restore the plant risk to an acceptable level.

:

[ d. The RI-IST program documents should be revised to document any RI-IST program
j changes resuking from corrective actions taken.

i1
.

:

:

'
.

i ..

;
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5.4 Periodic Assessments

RI-IST programs should contain explicit provisions whereby component performance data
periodically gets fed back into both the component categorization and component test strategy
determination (i.e., test interval and m4~ic) pm

' Adequate program implementation requires that the RI-IST program results'be predicted, |
'

monitored, and fed back into several key steps of the program development process

Periodic assessments should be performed to reflect changes in plant configuration, component
performance, test results, industry experience, and to reevaluate the effectiveness of the RI-IST
program These assessments should also take into consideration corrective actions that have been
taken on past IST program components. Licensees should include in their RI-IST program
proposals plans for these assessments, and they may'wish to coordmate these reviews with other
related activities such as periodic PRA updates, industry operating experience programs, the

.

Maintenance Rule program, and other risk-informed program initiatives.
,

The assessment should:

deterrrdne if component performance and conditions are acceptable (i.e., as compared to- a

predicted or assumed levels). If performance and conditions are not acceptable then the
cause(s) should be determined and corrective action implemented,

review and revise as nee <ury the assumptions, reliability data, and failure rates used to*

categorize components to determine if component groupings have changed. Plant-speciSc -
data should be incorporated into the generic data using appropriate updating techniques,

and

reevaluate equipment performance as well as test effectiveness to determine if the RI-IST*

program should be adjusted (based on both plant-specific and generic inf'ormation).
'

The licensee should have procedures in place to identify the need for more emergent RI-IST

program updates (e.g., following a major plant modification, or significant equipment
performance problem).

DG-10625-7March 14,1997 (8:1 lam)
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Acceptance Guidelines

!

The test strategy for RI-IST &= should be periodically =1W (at least once every two
;

!
refueling outages) to take into consideration results of RI-IST and new industry findings. TheI
licensee's RI-IST program proposal should also include a plan for periodically assessing the plant
PRA model to determine the need to inwryorde new industry findmgs and new information
resultinE rom the RI-IST program. (Plant specific data by itselfcannot be the sole basis tof
determine component operability Wiin the statistics will not be sufficient. Therefore, the RI-
IST PRA model must also reBect industry experience.)

!

|

|
.

l

.

.

.

.
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! 6. ELEMENT 4: DOCUMENTATION
t

The recommended format and content of an RI-IST submittal are presented in this chapter. Usei

of this format by licensees will help ensure the completeness of the infonnation provided, will
assist the NRC staffin locating the information, and will aid in shortening the time needed for the

#

review process Additional guidance on style, composition, and specifications of safety analysis
4 reports is provided in the Introduction of Revision 3 to Regulatory Guide 1.70, " Standard Format !

'

and Content of Safety Analysis Reports for Nuclear Power Plants (LWR Edition)" .4

2

|

| 6.1 Risk-Informed Inservice Testing Program Plan

The licensee's submittal should describe the proposed RI-IST program with enough detail to be
j clearly understandable to the reviewers of the program. The description should cover the five

items listed in Chapter 3 including sufficient detail such that reviewers of the program can
understand how the program would be implemented in a phased approach. These items are: l
(I) changes to the plant's CLB, (2) changes to testing intervals and methods including a;

description of the process used for determining these, (3) listing of affected compor:ents including-
;

an explicit description of the grouping ofdifferent cotr.panents in a staggered testing program,
; (4) identification of supporting infonnation, and (5) brief statement regarding the way in which !

the proposed changes are consistent with the Commission's PRA Policy Statement. Also
included should be a description of the process that was used for the categorization of
components (further discussed in Section 6.2.3) and for the determination of when formal
interaction with the NRC is or is not needed when making changes 'to an approved RI-IST
program (Section 3.2). Exemptions from the regulations,ftechnical specification amendments, and.

relief requests that are required to implement the licensee's proposed RI-IST program should also
be given.

6.2 Probabilistic Risk Asse = cent Records and Supporting Data

:

6.2.1 Determination and Quantification of Accident Sequences
i

This section should present the methods and techniques used to identify and quantify any accident
sequences that are specific to IST. Regulatory Guide DG-1061 includes more extensive guidance
for this topic.

1

;
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| 6.2.2 Initiating Events *

,

j De process used to identify initiating events and the resuhs from the evaluation should be
j documented. The description of the process should include how it will result in the identification

: of the complete set of initiating events ;...ysit in to the supporting analysis, including those
! initiating events that may result from the failure ofIST-afrected cove For eachinitiating

- event identified by the process, present: (1) a 1.r ;pilon of the initiating event, (2) the rational
for inclu#mg or excluding the event, (3) the evert's frequency, and (4) a demenion of how
frequency was estimated. If any individual initiating events are collapsed into a group, describe

,

i

the basis for such a grouping. All infonnation should be provided in the main report.

i
;
i
j 6.2.3 Categorization ofInservice Testing Components

|! In this section, the techniques used to categorize the RI-IST components'should be demetad ;
g

When available, results from the categorization of the cone = from different viewpoints |
;

; should be provided (e.g., traditional engineering analysis, probabilistic, and integrated). The

|
technique used should be described including an identification of specific importance measures
when used. The final results from the categorization should be presented in either one oftwo;

|
I categories, high or low (i.e., HSSC or LSSC). The rationale used in the integrated decision-

|
making process to place components in either category should be described for each component.

!
|

.

| 6.2.4 Assessment of Proposed Changes
1, '

j This section should describe the estimated effect of the proposed RI-IST program changes on

plant risk consistent with the general guidance given in Regulatory Guide DG-1061 and with the
;

IST-specific guidance given in Section 4.2 of this regulatory guide.
|.

|

|
. 6.2.5 Uncertainty / Sensitivity Analyses

'

4

The data used in any uncertainty calculations (i.e., uncertainty distnbutions for basic events or
input parameters) and any sensitivity calculations (e.g., giv5 additional or less credit for;

j operator actions than that considered in the base case) snouie be provided consistent with the

i guidance provided in Regulatory Guide DG-1061. How uncertainty was accounted for in the

| component categorization, and what sensitivity studies were performed to ensure the robustness

j of the categorization should be desented.
i
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i
2 6.2.6 Plant Dats
;

! Systems and Components Pertinent to IST
~

3

! Summarize design and operating features of g-s;=--= and systems considered as part of the
supporting analyses. Component records included with the submittal should clearly demonstrate'

the application of the specific criteria established by the licensee's integrated' decision-making'

3 process (e.g., expert panel) to make a final determination ofcomponent grouping. Additional
j information that should be included in the proposal include specific ASME code cases that the
:! licensee is implementing and the effected components For each system, include a table
; summarizing key design and operating data. Such values used in the analysis should be identified
j and justified. Refer to appendices or other documents (e.g., specific sections of the USAR) as

necessary for more details. Systems to be considered should include the pertinent portions of alli

systems credited in the plant-specific probabilistic analysis.

:

1

; Plant Operating Experience
i

Summarize any events involving pump and valve failures that have occurred at this plant or similar

i plants. Include in this summary any lessons learned from tisese events and indicate actions talien
j to prevent or minimize recurrence of the events.
1

,

I

| Operating Procedures
,

l Present and describe the important operator actions as defined by existing procedures associated x

j with events involving pump and valve failures. The descriptions should include what the operator
; is supposed to do and when it must be done. The conditions under which the operator takes each

action, the vad ime for performing the action, and how the time was derived should be! t

identified. A summary of tred.O.g materials associated with pump and valve failure events should
.

; be supplied. Include in this summary a synopsis of any simulator exercises associated with such

| events
.

J

;

.

:
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6.3 Integrated Decision Making Process Records

In addition to the general documentation reqs was identified in Ragn1=+ary Guide DG-1061,
provide a description of each issue considered in the integrated decision-making prowss and a
discaission of how the resolution of each issue i==== the original probabilistic ranking
Infortnation should be provided in the main report. A4i+iaa=1 informstion specific to RI-IST

|
programs regarding this " .ps-E process is provided in tii: ApWir to this report.

!

6.4 Performance Monitoring Program

The licensee's program for monitoring the performance of both HSSC and LSSC components
should be described. The licensee should have procedures developed to collect the following

'

types of component performance data: .

Number of starts (or cycles) that each RI-IST campaaant was subjected to under*

operational conditions and under test conditions,

Number of failures that each RI-IST component experienced under operational conditions*

and undertest conditions, and

Number of hours that.each RI-IST component was unavailable for corrective maintenance,'

.
'

preventive maintenance, and for testing.

6.5 Feedback and Corrective Action Program

As required by the current ASME Code, a record of each test should be maia+=ined in which
component failure occurred and corrective action was required. Procedures should be in place
which are initiated by component failures that are detected by the RI-IST program as well as by
other mechanisms (e.g., normal plant operation, iaWons). Procedures should also exist to
determine their impact on the plant PRA. Component-speedic performance data should be used
to support periodic PRA and RI-IST program updates.

|
|
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6.6 Implementation Plans and Schedule

The licensee's implementation plans should be provided including a proposed schedule for
Wa% the program pending NRC approval. The phased implementation plan should state the
composition of the w.rpnent groupings for the staggered test strategy which are of the same
type, size, manufacturer, model, and service conditions. Their staggered frequency over the test ;

interval should also be included. Components should be identified that are to have their test ,

intervals extended. The final test interval (at the maximum extended interval) of these
components should also be included in the submittal

|
1

|

.

4

4
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APPENDIX A. DETAILED GUIDANCE FOR INTEGRATED DECISION
i MAKING
!
2

i A.1 Introduction
|

! The increased use of ydeb.".inic risk assessment (PRA) in nuclear plant activities such as in risk-

|- informed inservice testing (IST) programs will require a balanced use of the 'probabilistic
j information with the more traditional engineering (sometimes referred to as " deterministic")

information. Some structured process for considering both types ofinformation and making; ~

[ decisions will be needed that will allow improvements to be made in plant effectiveness while
==Waiaing adequate safety levels in the plant. This will be particularly important during initialj

| program implementation and also for the subsequent early phases of the program. In some
I instances, the physical data from the PRA and from the deterministic evaluations may be

| insufBcient to make a clearcut decision. At times, these two forms ofinformation may even seem

: to conflict. In such cases, it is the responsibility of the licensee to assemble the appropriate skilled
j utility staff (and in some cases em*==ta) to consider all of the available information in its

various forms 'and to supplement this information with engineeringjudgment to determine the best;

| course of action. The participants involved in this important role have generally been referred to
j in various industry documents" as an " Expert Panel." In this appendix, this functional activity

| will be described as being an engineering evaluation without specifying how the evaluation is to be

j performed adminientiviey. It is not the intention of this guidance to indicate that a special
,

; administrative body needs to be formed within the utility to satisfy this role. It is the function that

j is important and that must be performed in some well-oisa, repeatable, and scrutable manner
j by the licensee. This functional activity is all pervasive in the implementation phase of such .

i activities as inservice L=g+ Mon (ISI) and IST, and accordingly, the responsibility of the licensee

i to see that this function is.done well is great. ~ _ .
a
1

! A.2 Basic Categories ofInformation To Be Considered
!

! Risk importance measures may be used together with other available information to determine the

| relative risk ranking (and thus categorization) of the components included in the evaluation.
2 Results from all of these sources are then reviewed prior to making final decisions about where to

focus IST resources.;

!
j Although the risk-ranking of components can primarily be used as the basis for prioritizing IST at

i a plant, additional considerations need to be addressed (e.g., deferse in depth, common cause, and

,
the single failure criterion) which may be more constraining than the risk-based criteria in some

Consideration must be given to these issues before the IST requirements for the variousI cases
!
i
i March 14,1997 (3:11am) A-1 DG-1062

i

} .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ ,-. - .



,

|

|
.

DRAFTFOR COMMENT
|

-

components are determined.
!

IST experience should contribute an understanding of the important technical bases underlying the |
existing testing program before it is changed. The critical safety am of these bases should not i

be violated inadvertently in changing over to a RI-IST, and important plant experience gained
through the traditional IST should be considered during the change. ;

1

The plant-specific PRA information should include important perspectives with respect to the |
limitations ofPRA modeling and analysis of systems, some ofwhich may not be explicitly
addressed within the PRA analysis. An understanding should also be provided as to how the
proposed changes in pump and valve testing could affect PRA estimates of plant risk.

Plant safety experience should provide insights associated with the tradrtional analyses (Chapter
15 of the plant Final Safety Analysis Report) and any effect that proposed changes in testing

- might have on the traditional p gJve of overall plant safety. .

Plant operational input should supplement the insights of plant safety with additional information
re .idirig the operational importance of components under normal, abnormal, and emergencys
conchtions. There should also be input on operating history, system 1nterfaces, and industry
Op-.Qig experience to supplement information from'the IST.

Maintenance considerations should provide pm.yesives on work practices, implementation of the
- maintenance rule, and equipment cpm.iig history.

Systems design considerations should include the potential effect of different design
configurations (e.g., piping, valves, and pumps) on planning for a risk-informed IST, particularly

.

iffuture plant modifications are contemplated or if systems are tm..yer.rily taken out of service i
for maintainence or replew or repair.

A.3 Specific Areas To Be Evaluated

This section addresses some technical and administrative issues that are currently believed to be
particularly important for IST risk-informed applications. Additional issues of a more general
nature that may arise in expert panel deliberations are given in the general SRP and in Regulatory
Guide DG-1061.
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! Each safe-shutdown function, such as reactivity control, reactor coolant system integrity |*

| coolant inventory control, primary system heat removal, etc. (or use the Appendix R safe-

| shutdown function paths), should retain one system that is considered more safety

| significant with pump and valve testing planned accordmgly. In other words, a minimum
set ofhigh safety signi6 cant eqsp==* should be operable to maintain defense-in-depth.

It should be confirmed that pump and valve classifications have given proper attention to .-

systems identi6ed in emergency operating procedures (and other systems) depended upon
for operator recovery actions, primary fission product barriers excluded from the PRA due
to their inherent reliability (such as the RPV), passive items not modeled in the PRA (such
as piping, cable, supports, building or cognpoent structures such as the spent fuel pool),

-

and systems relied upon to mitigate the effects of external events in cases where the PRA
considered only' ternal events.m

Failure modes modeled by the PRA may not be all-inclusive Consideration should*

be given to the failure modes modeled and the potential for the introduction of new
failure modes related to the IST application. For example, ifvalve mispositioning
has been assumed to be a low-probability event because ofindependent verification
and therefore is not included in the PRA assumptions, any changes to such

- independent verifications should be evaluated for potential impact on the PRA
results Reverse flow in check valves should be evaluated.

Other qualitative / quantitative analyses that shed light on the ielative safety importance of*

components, such as FMEA, shutdown risk, seismic risk, SBO/ATWS/ fire protection
should be included in the resource information base.

Attention should be given to the fact that component performance can be degraded from*

the effects of aging and this issue will need to be addressed and documented.

The engineering evaluation should include the choice of new test frequencies, the*

identification of compensatory measures for potentially important components, and the |
'

choice of test strategies for the HSSCs.

:

Until the ASME recommendations for improved test methods are available, the different*

existing IST test mathads should be evaluated prior to choosing the test methods to be
used for the HSSCs depending on their expected failure modes, service conditions, etc.;

,

'

Due to the importance ofciaintaining defense in depth, particular attention should be*

given to identifying any containment systems involving IST components.
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1. INTRODUCTION

1.1 Background

The NRC has promulgated determuustic criteria for determining which commercial nuclear power plant
equipment is considered safety-related (see 10 CFR 50.2, Appendix A to 10 CFR 100,10 CFR 50.65, and

10 CFR 50.49). Because of the importance of the safety-related equipment to protect public health and

safety, the NRC has additionally required that a Quality Assurance (QA) program (described in Appendix

B to 10 CFR 50) be applied to all activities affecting the safety-related functions of that equipment. The
overall purpose of the QA program is to establish a set of systematic and planned actions that are necessary

to provide adequate confidence that safety-related plant equipment will perform satisfactorily in service
The requirements delineated in Appendix B to 10 CFR 50 recognize that QA program controls should be

applied in a manner consistent with the importance to safety of the associated plant equipment. In the past,
~

engineering judgement provided the general medaiim to determine the relative imponance to safety of
plant equipment.

In recognition of advances made in the state-of-the-art.in the Probabilistic R'isk Assessment (PRA)
technology area, the NRC has made the decision to expand the use of PRA in the regulatory process. PRA

will provide new insights that may be utilized by licensees to determine the relative safety-significance of

plant equipment. The probabilistic insights could then be utilized to help identify low safety significant
Structures, Systems, and Components (SSCs) that are candidates for reductions in QA treatment. The end

result of this process could be that licensees would have plant equipment that is typically categorized as
follows: safety-related and high-safety-significant; safety-related and low-safety-significant; non-safety-
related and high-safety-significant; and non-safety-related and low safety-significant. Grading of QA
controls would vary commensurate with these categorizations. This document provides guidance that could

be used by licensees to determine both the relative safety significance of plant equipment, and to adjust the
application of QA controls accordingly.

Requirements related to quality assurance (QA) programs for nuclear power plants are set forth in
Appendix B to Part 50 of Title 10 of the Code of Federal Regulations (10 CFR 50). The general statements

contained in Appendix B are supplemented by industry standards and NRC regulatory guides which
describe specific practices that have been found acceptable by the industry and NRC staff. Although both
Appendix B and the associated industry standards allow a large degree of flexibility, the licensees and the

Nuclear Regulatory Commission (NRC) staff have been reluctant to make major changes in established QA

practices. Recently, however, changes in the nuclear industry have resulted in numerous proposals to
revise QA practices. These changes include the completion of construction projects, establishment of

programs related to plant operations and maintenance, maturing of licensee programs and personnel, and
increased pressures to control plant operating costs.

Graded Quality Assurance (GQA) is intended to provide a safety benefit by allowing licensees and NRC
to preferentially allocate resources based on the safety significance of the item. The Commission has

articulated its expectation that implementation of the policy to expand the use of Probabilistic Risk
Assessment (PRA) will improve the regulatory process in three areas: foremost through safety decision

March 25,1997 1-1 DG-10M
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i makmg enhanced by me use of PRA insights; through more efficient use of agency resources; and through

4 a reduction in unnecessary burdens on licensees. Background information about initial effons to implement

{ GQA is given in SECY-95-059, " Development of Graded Quality Assurance Methodology" (March 10,
! 1995).
! a

i ;'

j Licensees developing GQA programs will adjust their QA programs to accommodate their individual needs !

j The NRC conveyed its goals and expectations for an acceptable graded QA program to Nuclear Energy

Insutute (NEI) on June 15,1994. Irrwtive of a licensee's specific approach, the NRC stated a graded
QA program should have four essential elements:

(1) a process that determmes the safety significance of structures, systems, and components
(SSCs) in a reasonable and consistent manner including the use of both traditional
engineering and probabilistic evaluations

(2) the implementation of appropriate QA controls for SSCs, or groups of SSCs, according
to safety function and safety significance to maintain reasonable confidence in equipment
performance and to suppon the GQA corrective action feedback process

(3) an effective root-cause analysis and corrective action program

(4) a means for reassessing SSC safety significance and QA controls when new information

becomes available through operating experience, or based on changes in plant design

Also, during the last several years, both the NRC and the nuclear industry have recognized that
probabilistic risk assessment (PRA) has evolved to the point where it may be used as a tool in regulatory
decision makmg so that the regulations can be implemented more effectively. In 1995, the NRC issued

a final policy statement on the use of PRA methods in nuclear regulatory activities. In its approval of the
policy statement, the Commission aniculated its expectauon that:

The use of PRA technology should be increased in all regulatory matters to the extent supponed.e

by the state-of-the-an in PRA methods and data and in a manner that complements the NRC's
detenninistic approach and supports the NRC's traditional defense-in-depth philosophy. I

PRA and associated analyses (e.g., bounding analyses, uncertainty analyses, and importancee

measures) should be used in regulatory maners, where practical within the bounds of the state- of-

the- an, to reduce unnecessary conservatism associated with current regulatory requirements,
regulatory guides, license commitments, and staff practices. Where appropriate, PRA should be
used to support the proposal of additional regulatory requirements in accordance with 10 CFR

50.109 (backfit rule). Appropriate procedures for including PRA in the process for changing
regulatory requirements should be developed and followed. It is, of course, understood that the

intent of this policy is that existing rules and regulations shall be complied with unless these rules
and regulations are revised.

I
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PRA evaluations in support of regulatory decisions should be as realistic as practicable, and*

appropriate supporting data should be publicly available for review.

The Comrmssion's safety goals for nuclear power plants and subsidiary numerical objectives are*

to be used with appropriate consideration of uncertainties in makmg regulatory judgments on the

need for proposing and backfitting new generic requirements on nuclear power plant licensees.

The staff's review of 10 CFR Part 50 indicates that the option of applying QA measures in a manner
commensurate with safety significance is clearly available to licensees. That is, no exemptions from
current regulations are expected to be needed to implement a Graded Quality Assurance (GQA) program.
The implementing industry QA standards (which licensees have committed to implement to fulfill the

requirements of Appendix B) also contain general provisions for applying QA using a graded approach.
However, when implementing such changes, licensees may need to submit a revised QA program to the
staff pursuant to 10 CFR 50.54(a).

1.2 Purpose and Scope

In this guide the staff describes an acceptable approach for identifying the safety significance of SSCs and

assigning QA controls accordingly to ensure that QA requirements are being graded commensurate with

safety. This regulatory guide contams guidance that allow licensees to modify their current QA program
controls based on the safety categorization of the SSCs. This regulatory guide also describes an acceptable

approach for monitoring the effectiveness of the GQA program implementation, and for determuung when
it may be necessary to make adjustments in quality assurance practices and safety significance
categorizations to ensure that SSCs remam capable of performing their intended functions. The guide also

delineates the principles for risk-informed decision makmg, or guiding fe'atures, of a GQA program that
need to be dealt with by a licensee. In some cases rather than articulating a prescriptive method that must
be iinplemented by a licensee to fulfill these principles (or their subsidiary issues) for GQA, the staff has

chosen to identify those issues which must be evaluated, and documented, by a licensee when formulating
their particular approach to GQA. Thus, the burden would fall on the licensee to be able to inform the staff

how the issues were addressed within their site specific program.

1.3 Organization and Content

Limited data is available to define the impact of quality assurance programs on SSC performance.
Consequently, this regulatory guide emphasizes the classification of equipment into two or more safety
significance categories as discussed in "An Approach for Using Probabilistic Risk Assessment in Risk-

|
Informed Decisions on Plant-Specific Changes to the Current Licensing Basis " (Reference 25). Chapter 2 l
provides an overview of the four-element process used for implementing risk-informed GQA. Chapter 3
provides a discussion of Element 1, a definition of proposed changes to QA applications; Chapter 4
discusses element 2 and addresses engineering evaluations applicable to GQA programs: Chapter 5
discusses element 3 and provides specific guidance for an acceptable approach for implementing graded
quality assurance controls and for developing performance monitoring strategies : The documentation and

|
submittal aspects related to the change (element 4) is specified in Chapter 6.

|
1
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1.4
| Relationship to Other Guidance Document Applications

"An Approach for Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific,

Changes to the Current Licensing Basis " (Reference 25) describes a general approach to risk-informed,

regulatory decision makmg and includes a discussion of specific topics common to all regulatory
applications. This regulatory guide provides guidance rnecifically for GQA programs, consistent with but

more detailed than the generally applicable guidance given in the "overall" guide (Reference 25).

Licensees may choose to use risk-informed decision making in application areas other than Graded QA.
| It is anticipated that certain efficiencies could be realized in that situation. It is possible that a single list

of SSCs could be defined as safety significant for multiple risk-informed applications if a sufficiently robust
j process were utilized.
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2. PROCESS OVERVIEW -
1

,

<

As the nuclear industry incorporates risk insights into its QA programs, it is anticipated that the industry
will build upon its existing risk-informed activities, including the individual plant examination program. .

To provide the industry with the NRC's expectations for risk-informed decision makmg, a regulatory )
guidance document, "An Approach for Using Probabilistic Risk Assessment in Risk-Informed Decisions 1

on Plant-Specific Changes to the Current Licensing Basis " (Reference 25), was developed which
establishes five safety principles, and describes a 4-element process for evaluatmg risk-informed regulatory

changes consistent with addressing those principles, as illustrated in Figure 2.1. Reference 25 provides

additional description of quantitative acceptance guidelines, discussion on defense-in-depth aspects, and

addresses safety margins. The principles are:

1. The proposed change meets the current regulations. This principle applies unless the proposed
change is explicitly related to a requested exemption or rule change.

2. Defense-in-depth is maintained.

3. Sufficient safety margins are mamrained. .

1
'

4. Proposed increases in risk, and their cumulative effect are small and do not cause the NRC Safety

Goals to be exceeded.
.

5. Performance-based implementation and monitoring strategies are proposed that address
uncertainties in analysis models and data and provide for timely feedback and corrective action.

,

The individual elements of this process are described in the general guidance document. Those generally i

applicable discussions are not repeated here. Instead, an acceptable method and issues to be addressed by

the licensee to fulfill the guiding principles, is described for categorizing SSCs at nuclear power plants in i

a manner commensurate with their safety significance (using integrated traditional engineering, qualitative,

and probabilistic insights), and for applying appropriate QA programs to each category of SSCs.

The process described below' begins with a set of actions related to proposed changes in the QA
categorization of certain SSCs. The process for developing the initial proposal for the changes is left to
the utility, but it should derive from an exammation of both traditional engineering and probabilistic
information, and it should result in categorization of the plant's SSCs based on their safety significance so

that an '.ppropriate level of quality controls can be applied (see further discussion under " Element 1"

below).

Element 1: Define the Proposed QA Program Change

In this element, the licensee identifies the scope of candidate SSCs, and associated activities, for a risk-

informed application of QA requirements including:

a) systems and components that ce subject to current Appendix B QA requirements,

DG 1064March 25,1997 2-1
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I
b) SSCs modeled in the PRA for the plant, '

c) non-safety related SSCs that are within the Maintenwe Rule scope, and
.

l

d) non-safety related equipment that has previously received augmented quality treatment (e.g.,
,

Anticipated Transient Without Scram, Station Blackout, Fire Protection).

The licensee should ensure that the QA program commitments and other QA related information on the

docket, germane to the contemplated changes in QA practices, are clearly understood and adhered to, |

unless modified or amended through the appropriate licensing or regulatory actions. The suitability of the
plant-specific PRA should be acessed reladve to its use in supporting the GQA decision-makmg process.

And, available industry and plant-specific operational experience information relative to GQA should be
assessed. t

Further, the licensee should also identify the overall objective and approach of the proposed changes to the

QA program for the candidate SSCs. More details are provided in Chapter 3 of this document.
,

Element 2: Engmeeting Evaluations
,

In element 2, the proposed changes in the application of QA controls for SSCs as a function 'of
categorization commensurate with safety are exammed and assessed with respect to the relevant risk- t

informed decision makmg safety principles. An essential element of the evaluation is the categorization

of SSCs into high and low safety significant categories. The. impact of the.QA program changes on
defense-in-depth would be determined through the use of both traditional engineering evaluations and
probabilistic risk assessment techniques. In addition, an assessment is required to ensure that no more than

'

small risk increases are introduced by the proposed changes, as described in Chapter 4. The engineering

evaluation helps to establish the safety significance of systems and components and determines that the
ieffects of the changes in QA controls has a small impact on plant risk. More details conceming element

2 are contained in Chapter 4.
,

Element 3: Develop Implementation and Performance Monitoring Strategies

The third element involves developing graded QA control implementation and monitoring plans. These
plans should be formulated to assure that appropriate system and component performance are maintained.

For the safety-related SSCs in the high safety significant category, no changes in QA controls are expected

to be proposed. For the non-safety-related SSCs which are found to be safety-significant, an evaluation
,

would be performed to determine what augmentation of existing QA controls is appropriate. For low ;

safety significant SSCs that are safety-related, reductions in QA controls are anticipated. Means should )
be specified for monitoring the performance of systems and components and of quality related activities
and processes, and for applying corrective actions. Specific guidance for element 3 is provided in
Chapter 5.
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Element 4: Document Evaluations and Submit Request

The final element involves documenting the analyses for staff or independent review, audit or inpection,

and submitting the request to change implementation of QA commitments, as required by 10 CFR 50.54(a)

if the change involves a reduction in the licensee's QA commitments. If the proposed change does not
involve a reduction in the licensee's QA commitments, then prior staff review and approval is not required

and the change to the QA program is submitted in accordance with 50.71(e). The changes associated with

the adoptien of graded QA proposed by the licensee will be described in the QA Program. In addition,
important assumptions including SSC functional capabilities, impact of failure on safety significant
functions, and performance attributes, which play a key role in supporting the acceptability of the QA
program change, should be identified by the licensee in the QA program.

Documentation necessary to support the graded QA effort is listed in Chapter 6 of this regulatory guide. |

|

I

|

|NTEGRATED DECISION

4'->/ PRA k' Traditional
Analysis '

j\ / '
,

// /\ /
| // s'

\ i d'
Define !

+

Perform
. I

Define -> Engineering % mplementationf Submit i

Change Monitoring ChangeAnalysis Program

Figure 2.1 General description of an acceptable approach to risk-informed applications.

.
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3. ELEMENT 1: DEFINE THE PROPOSED CHANGES |
|
|

The first element in the process of evaluating a change to GQA programs involves providing a full,

definition of the change. The first step is to identify the overall scope of the QA program in terms of
the SSCs that are covered. Additionally, the licensee's PRA would be evaluated with respect to its
adequacy to support the GQA decision makmg process. To accomplish this the licensee should:

1. Identify the set of regulatory requirements and commitments that are directly related to the

proposed QA implementation changes as well as those that may be impacted. This information

is used to demonstrate that the proposed QA changes do not violate existing regulatory l
requirements. The major regulatory requirements applicable to GQA programs are set forth in

10 CFR 50, Appendices A and B,10 CFR 50.54(a), and 10 CFR 50.34. Changes to technical i
requirements are controlled under existing processes such as 10 CFR 50.59, license !

amendments, relief requests, and exemption requests, which are outside of the scope of this
document. Relevant quality commitments that are to be considered reside in a variety of
licensing documentation such as the QA program description, the final safety analysis report, |
responses to generic communications, and responses to enforcement actions.

2. Identify the structures, systems, and components (SSCs) and associated activities that are I

candidates for assessment within the risk-informed application of graded QA requirements.
Candidate SSCs include those that are (a) subject to current Appendix B QA requirements, (b)
SSCs modeled in the licensee's PRA for the plant, and e non-safety related SSCs that are

within the Maintenance Rule scope (which includes the non-safety related SSCs I) relied upon
to mitigate accidents; ii) that are used in emergency operating procedures; iii) those whose

failure could prevent a safety-related SSC from performing its safety-related function; and iv)

those whose failure could cause a reactor scram or actuation of a safety-related system). In

addition, non-safety related equipment that has previously received augmented quality treatment
(e.g., Anticipated Transient Without Scram, Station Blackout, Fire Protection) should be
considered in the GQA application scope.

3. Identify the expected revisions to existing implementing guidance of QA requirements that will

result from the graded QA program. No exemptions from current regulations are expected to
be needed to implement a GQA program. However, the commitments of each licensee

regarding QA are addressed in a number of documents including the Final Safety Analysis

Report (FSAR); a QA topical report (if applicable) and other docketed correspondence (e.g.,
responses to generic communications, inspection reports, etc). Licensees are expected to
maintain control of their licensing bases. Accordingly, changes in QA program commitments,

should be identified and the manner in which they are being changed should be documented,
reviewed, and approved by the NRC in accordance with 10 CFR 50.54(a).

4. The licensee shou!d evaluate its risk studies to determine the extent to which quantitative and
l qualitative risk insights may be utilized. The quality, level of review of, and accuracy of plant

representation of the risk studies should also be taken into account when determining the level
| of support the studies can provide to the development and implementation of the graded QA
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Define The Proposed Changes |
l

program. The licensee should also consider how it may use risk study models, computer
programs, and personnel to support the long term performance monitoring program required as-

part of graded QA implementation.

5. The licensee should not make any changes in the application of QA controls and processes 'I
prior to the evaluation of the associated system or component to determine its safety
significance as discussed in Chapter 4 and receive subsequent approval of the QA changes by ;

the NRC if required.
|

The definition of the change should be completed by categorizmg the SSCs identified above according
to whether they are high- or low-safety-significant. For those safety-related SSCs that are categorized
as high-safety-significant, current QA practices would apply. For those non-safety-related SSCs that |
are high safety significant, some increase in QA controls may be warranted and should be implemented
where appropriate. For those safety-related SSCs that are low-safety-significant, relaxation in QA |
controls may be proposed. For non-safety-related SSCs that are low-safety-significant, licensees would
continue to define their quality controls. '

.

1

.

._.
1

.

|
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4. ELEMENT 2: ENGINEERING EVALUATION

In Regulatory Guide DG-1061, "An Approach for Using Probabilistic Risk-Informed Decisions on

Plant-Specific Changes to the Current Licensing Basis " (Reference 25), Element 2 is the engineering
evaluation conducted to support decisions to change a plant's licensing bases. Changes in the

application of QA controls do not lend themselves to a quantitative assessment because the relationship
between QA programs and equipment performance (and, hence, risk contribution) has not been

explicitly established. Funhermore, only a small fraction of components that are candidates for

application of graded QA controls are explicitly modeled in PRAs. This small percentage arises from
PRA's emphasis on the control and mitigation of severe accidents and exclusion of equipment such as
recombiners useful only for control of design basis accidents, the exclusion of most instrumentation and

*

reactor protection system equipment from the models, the exclusion of emergency preparedness and
monitoring equipment from the models, combining of SSCs with identical failure consequences into
grouped basic events, and not including some highly reliable SSCs when other less reliable SSCs (of
similar impact) or operator actions are modeled.

.

Categorization of the safery significance of components for utilization in Graded QA should be

accomplished through the use of traditional engineering evaluations in combination with quantitative
risk importance measures and qualitative risk insights. Such a combined, " integrated" approach is

necessary to utilize the strengths and avoid inherent limitations in each method. Regulatory Guide DG-
1061 discusses applications where risk insights are charac'terized by calculated risk importance

measures or bounding estimates, or a qualitative assessment where the anticipated risk impact is
minim 31,

4.1 Safety Significance Categorization
:

A minimum of two levels of categorization are needed, preferably labeled high- and low-safety-
significant. At the prerogative of the licensee, a greater number of safety significance levels can be

defined, such as three levels comprised of high/ medium / low safety significance. From a regulatory '
point of view, it is essential to assure that high-safety-significant items are not inappropriately
categorized as less-than-high since these might then be inappropriate candidates for reduced QA

4

requirements. Therefore, for regulatory purposes, high safety significance may be assumed or
4

assigned. Only assignments oflow (medium, etc.) safety significance must be justified.

Systems have a variety of operating modes and perform a variety of functions, where each function is a

well defined task requiring the proper operation of some sub-set of system equipment. Although
certain QA controls are applied at the component or even piece part level, safety significance

categorization is most appropriately defined at the system function level. Therefore, the guidance in
this document is based on determining the safety significance of system functions, identifying the
components and component operational modes required to support high-safety-significant functions, and

determining the categorization of the components based on this information. The linkage between the

functions a system performs and the components required to support each function is most clearly4

established in a matrix format as described in Section 4.1.3.;
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The categorization process must also systematically identify and track system functional boundaries,
,

- defmed as the point (component) at which a system operating in a particular mode functionally

interfaces with a connected syst:m. The categorization of the safety significance of support functions is
generally determmed by the categorization of the function being supported, augmented by a quantitative -

or qualitative evaluation of the support system's aggregate safety significance. Interfacing function
categorization should be well documented, traceable, and internally consistent.

The quality, scope, and level of detail of the PRA should be commensurate with the extent that the !

PRA is used in the categorization process. As discussed in Regulatory Guide DG-1061, the baseline

risk profile and the magnitude of the anticipated change in risk are important considerations in the
determmation of the acceptability of risk informed applications. The licensee must demonstrate that the

PRA is of sufficient quality to support a decision on the acceptability of the proposed change.

All operational modes and internal and external events should be included in the evaluation of the |

safety significance of systems, functions, and cornponents. At a nummum, models and results for core'

damage and large early release frequency for internal initiating events at full power are needed. If
quantitative risk analyses for shutdown conditions and " external" initiators such as fire, seismic, and

winds are not available, qualitative assessments should be used to ensure the functions' safety

significance categorization fully considers all relevant operational demands. Qualitative studies identify
and characterize scenarios that are believed to be important, but without expending significant
resources in quantifying the scenarios' frequencies. Seismic margin analysis and FIVE evaluations
done to support IPEEE analyses are examples of qualitative studies which should be used.

4.1.1 Identification of System Functions
!
\

.

Defimtion of the proposed change includes the identification of all the functions a system must perform.
Although many system functions may eventually be categorized as low-safety-significant,

characterization of the proposed change begins with a description of all functions a system must fulfill. ;

System functions should include functions used during normal operation as well as all functions related
to the prevenuon or mitigation of core dannge, protection of containment integrity, or reduction in the
release probability or consequence to the public from accidents and transients both within and beyond
the design basis (e.g., risk analysis).

4.1.2 System Function Safety Significance Categorization

Determination of the safety significance of system functions is inherently a " top down" process starting
with the front line systems and system functions directly involved in plant level safety functions (such !

as reactivity control, reactor pressure control, and decay heat removal). The delivery of high pressure
pnmary coolant from the reactor water storage tank to the core may be categorized as a high-safety-

significant function. The pumps, valves, and other SSCs whose proper operation is required to fulfill
this function derive their categorization from the significance of the function. Therefore, any
determination of an SSC's safety significance requires determination of the safety significance of all

functions the SSC supports. Similarly, determmation of the safety significance of support system

DG-1064 4-2 March 25,1997
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!functions (which should be later pursued in the support system's evaluation) is best performed by

determuung the safety significance of the function being supported. i

Licensees may limit their evaluation to the system level and conservatively judge all coinponents in a

high-safety-significant system to be high-safety-significant, or they may further categorize components

within systems based on the safety significance of the functions each component supports. To provide
confidence that eventual determination of less than high-safety-significance is made with full

recognition of each system's contribution to CDF and LERF, system-level importance should be
' determined even when function- or component-level importance measures are available.

1

PRA's integrated models provide an excellent framework to characterize system and system function

| importance. One area where PRA modeling is not fully adequate for graded QA applications is,

| however, cross-system dependencies arising from nommally identical components used in different ;

applications throughout the plant (a type of circuit breaker, for example). Cross-system dependencies
>

~

are not modeled in PRAs yet can have a significant impact on risk. Consequently, special >

consideration must be given to these sets of components as discussed in 4.2.
'

!

4.1.2.1 Quantitative Safety Categorization Insights ,

1

t

Quantitative importance measures from risk studies provide valuable insights about the relative rankmg
of the safety significance of well defined model elements in the PRA model such as basic events,.

components, human actions, functions, trains, or systems. Each measure represents the risk sensitivity
of an individual model element. Once one element is varied, the importance measures for the other

elements will change. Consequently, while large or small importance measure values identify
- candidate high- or low- safety-significant model elements, final categorization is determmed during the

integrated decision making.

At least two quantitative measures of importance are needed, one (such as Fussell-Vesely (FV) or risk
reduction worth (RRW)) illustratmg the fraction of current risk involving the failure of the model

~

element, the other (such as risk achievement worth (RAW) or Birnbaum) illustrating the margin of

safety contributed by the model element's proper operation. Other measures than those suggested may
be used, but at least two measures reflecting current contribution and margin contribution are needed to

balance the risk insights. A number of issues associated with the calculation and interpretation of

importance measures are discussed in Appendix A of DG-1061. The licensee needs to be able to
describe technically how each issue discussed in Appendix A was addressed and resolved.

j

System and system function level measures are difficult to define and calculate and alternative |
techniques for categorizing the safety significance of functions may be more practical. One altemauve j

technique uses basic event importance measures (readily calculated by most PRA codes) to identify a ;

set of system functions which are clearly high-safety-significance. This technique is based on

recognition that the system and system function RAW and FV importance measures will always be at
least as large as the RAW and FV for basic events whose failure will fail the function (if other

importance measures and this technique are used, this propeny should be validated for the measures

used).
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j The basic event importance measures' should be calculated and compared to some quantitative
j guideline values (e.g., RAW > 2 or FV > 0.005; the specific values chosen should be justified by the
i licensee). All basic events with importance measure greater than (or less than, as appropriate) the
'

guidelines are identified as potentially high-safety-significance basic events. Any system function
modeled in the PRA which is supported by one or more potentially high-safety-significant basic events

is categorized as a candidate high-safety-significant system function. Since it is possible that the;

j system's and system function's RAW and FV measures are much higher than any individual basic '

i event's, systems and system functions not categorized as candidate high should, as a muumum, be

further evaluated as discussed below, and the licensee should describe technically how each issue was.

j addressed
7 .

t

The redundancy and reliability of trains within systems that are available to fulfill a critically*
,

i important system function can have the result that each individual basic event within the system

! has very low importance measure values or is even truncated out of the results. . A system

| function-based analysis should be performed to determme the impact of the failure of candidate

] low-safety-significant systems. Discrepancies in the form of high failure consequence for some ,

| systems (automatic depressurization system , for example) but low or no basic event importance
measures should be identified and the relevant high-safety-significant functions defmed.

'

!

3 Initiating events are usually not modeled as basic events or, if they are, are modeled as single*
.

{ modularized events . Some examples of such initiating events are the loss of instrument air, the

{ loss of main feedwater, the loss of offsite power (through local ::witchyard faults), the loss of
; alternating current (AC) or direct current (DC) buses. If components whose failure contributes
$ to these initiating events are modeled in other initiating events (i.e., loss of an air compressor

leading to loss of pneumatic valves following a loss of component cooling), the importance of

the basic events will not include the contribution of the failure to the initiating event frequency. |

| Thus, the importance of functions whose failure would both cause an initiating event as well as

{ the partial loss of mitigating function can be severely underestimated ~by surrogate basic event
importance measures.

:

i- 4.1.2.2 Qualitative Safety Categorization Insights
|
1

PRA results are to be used in conjunction with traditional engineering, and the principles associated
with defense in depth and safety margins must also be factored into the safety significance3

j determination. Consequently, the following qualitative factors should be applied to the quantitative

| PRA insights developed in the previous section. The licensee needs to be able to describe technically

|. how each issue was evaluated and resolved.

i.

! The diversity of systems that are able to fulfill critical high level functions (i.e., reactivity*

} control, decay heat removal, etc.) can have the result that each individual system could meet all

| quantitative guidelines to be categorized in the low safety significance group. It would be '

l prudent, and the licensee is expected, to designate at least one system associated with critical
j high level functions as high-safety-significant.
t

i

i
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* Screening analyses are used to dismiss some functional failures as insignificant. In many cases, ':
'

credit for the redundancy or reliability of plant systems or structures is taken to bolster the -

| arguments that the functional failure need not be modeled. Thus, the importance of some

systems, functions, and structures will not show up in the PRA results since the functional
; failure is screened out (For example, screening out of cenain containment penetrations

because of the number of isolation valves involved obscures the importance of the containment '

isolation function of the system ),

1 1

|Risk insights from non-quantitative risk studies chould also be used. Transients uutsated during4 *
'

shutdown or initiated by external events such as earthquakes, high winds, and fires are often j

evaluated without developing and quantifying full probabilistic models. Nevertheless, these !

studies include information on the systems, functions, and components whose proper operation l
'

is credited in the defense against such transients. In particular, it is shown how the plant is

intended to respond to such events, and, further, what alternative strategies are available if the

preferred strategy fails. When such studies are not included in the quantitative safety
significance categorization, all the systems and functions credited in these studies should be ,

categorized as candidate "high-safety significant." |
~

!

* PRA importance measures do not fully address the significance of SSCs that support operator j

actions for emergency and severe accident management. Such systems can include - |
environmental controls, lighting, alarms, communications, and annunciators. Determmation of. ]
the categorization of such systems should include consideration of whether the loss of su>h i

systems could cause short-term or long-term problems, whether a system failure coi'x:ident |

with an accident is likely, and whether personnel could reasonably compensate for the loss of
these suppon systems.

4.1.3 Identification of Components Which Support Functio:is ;

1

Systems components where QA controls are applied and PRA basic events are different. For example, )
a diesel failure basic event in the PRA can represent'a large number of plant equipment parts including |

'

such items as the diesel motor, oil pump, oil cooling fan, motor generator, etc. Other components are
not included in PRA basic events because their reliability is assumed to be high enough that their

failure probability would have a negligible impact on the CDF and LERF. Therefore, once the high- '

safety-significant functions in a system for which graded QA is being implemented have been

identified, the plant equipment required to support the high-safety-significant functions must be
identified independently of the PRA basic event definitions.

An efficient format for this component versus system function identification is a matrix as illustrated in
Table 4.1 where the high-safety-significant system functions are listed and cross referenced to all the

components needed to support each function at the level of equipment specificity where changes in the

application of QA controls will be pursued. The matrix should include all high-safety-significant
system functions, all system components which support the high-safety-significant functions, and all

external system support functions required by any component. Some examples illustrating areas of
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potential concern regarding the accuracy and completeness of the matrix are detailed below. The
licensee needs to be able to describe technically how each issue was addressed and resolved.

A component can directly support another system's function. For example, some containment=

sump recirculation valves are nommally assigned to the low pressure mjection system but ,

directly suppon containment spray by providing the r-circulation flow path.

Instnanentation used to actuate and control system and plant functions needs careful attention if.

| grading of instrumentation is contemplated. Some instrumentation can belong to one system

but provide signals used in other systems, or be used by the operators as a basis for -

proceduralized or un-proceduralized actions.

Each system should be reviewed for the possibility of component failures that lead to an-

initiating event such as loss of feedwater, loss of component cooling water, etc. Components
~

whose failure could cause an initiating event should be identified in the marnx as being

required to support the normal operation function (e.g.,' AOV feedwater control valves are

required to suppon feedwater at power).

The matrix is also needed to systematically propagate safety categorization through successive tiers of
,

'

support systems not modeled in the PRA. If systems are not graded in a top down sequence, the matrix
provides a traceable record of the previously assumed categorization of upper tiered functions requiring
support from other systems. Eventually, all support function categorization should be consistent, e.g.,
the safety significance of the functions requiring support in the uppet-tiered system corresponds to the

relevant function in the support system.

.
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Table 4.1: Sample Emergency Service Water System Function Versus Component.

Function Matrix

k |
-

COMPONENT SYSTEM FUNCTIONS REQUIRED'

COMPONENT
SUPPORT

Cool DGIA Cool DG1B Cool Charging

Pump
l

P-SCC-10A X X X E. Bus 13
I

DC Bus 23
ESAF x.x ,

CV-7 X X X ,

MOV-SCC-165 E. Bus 13

DC. Bus 23 |

ESAF x.x

MV-63 X

HX-14B X

MV-65 X

CV-291 X

HX-E-82A X

AOV-296 X IA Fun. 5
DC. Bus 33

ESAF x.x

!
i

4.1.4 Component Safety Significance Categorization

Selection of the final categorization of system functions and the components which suppon the high-

safety-significant system function is done by integrated assessment of quantitative and qualitative risk j

insights as described in section 4.3. ]

De safety significance categorization assigned to components (and ta suppon system functions which j
can be tre.ated as component functions for initial categorization) is based on the safety significance of

'

~ he function (s) the component suppons. Componen's which support only low-safety-significantt
functions should be classified low-safety-significtat. The safety significance of components supporting

high-safety-significant functions need not always be high, but each such categorization as low-safety

significant should be explicitly evaluated and documented and generally done in conformance with
licensee defined guidelines. Justification for categorizing a component's safety-significance as low

based on high reliability alone will not be acceptable because the high reliability of the component
could be a result of the QA program.
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4.2 Demonstration of Conformance with Safety Principles

Once the full set of low-safety-significance candidates has been identified, it is necessary to demonstrate
that the proposed changes to the QA requirements for these candidates does not violate the safety

principles. Guidelines for makmg that demonstration with due consideration for the scope of the QA
program are summarized below. Other equivalent guidelines are acceptable.

The GQA programs need to reflect the multiplicity of current regulations and programs to which some
SSCs are subject. For example, some SSCs may need to be excluded from certain reduced QA control
categories if those SSCs are also governed by more stringent ASME Code provisions to meet the

requirements of 10 CFR 50.55a. In such instances, the ASME Code requirements n' eed to be met.

The engineering evaluation conducted should assess whether the impact of the proposed change is
consistent with the principle that sufficient defense-in-deyth is maintained. An acceptable set of

guidelines for making that assessment is summarized be ow. Other equivalent decision guidelines are
acceptable.

A reasonable br. lance among prevention of core damage, prevention of containment failure, and
-

consequence mitigation is preserved.

Over-reliance on programmatic activities to compensate for weaknesses in plant design is
-

avoided.

System redundancy, independence, and diversity are preserved commensurate with the-

expected frequency and consequences of challenges to the system (e.g., no risk outliers).

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 errors are preserved.-

The engineering evaluation conducted should also assess whether the impact of the proposed change is
consistent with the principle that sufficient safety margins are maintained. An acceptable set of
guidelines for makmg that assessment is summarized below. Other equivalent decision guidelines are
acceptable.

Codes and standards or alternatives approved for use by the NRC are met.*

Safety analysis acceptance criteria in the current licensing basis (e.g., FSAR and supporting
-

analysis) are met, or proposed revisions provide sufficient margin to account for analysis and
data uncertainty.

DG-1064 4-8 March 25,1997
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The aspects of defense-in-depth and safety margins are expected to be addressed generally by .

considering the following GQA program aspects:
-

The GQA process v n not result in changes to the plant configuration. Therefore, no existing*

plant barriers will be removed. Additionally, existing system redundancy, diversity, and

independence will be maintained.
.

The GQA process will not result in changes to the technical requirements (e.g., design bases or*

operational parameters) associated with SSCs.

The reduced QA controls will be applied only to safety-related SSCs that are determmed to be*

low-safety-significant, and these controls will continue to provide an adequate basis for

concluding that the SSCs are expected to perform satisfactorily when called upon to operate .

The resulting QA provisions will provide the necessary level of assurance that low-safety-*

significant, safety-related SSCs remain capable of performing their design functions.

The CDF and L.ERF figures of merit do not fully cover long term containment oyerpressure protection.
Functions credited in the PRA for long term overpressure protection, but which do not contain any
SSCs with CDF or LERF based importance measures above the guideline values, should be identified

and the safety significance explicitly assigned. For example, the conumment spray systems for PWR's

may not contribute to the prevention or mitigation of core damage or large early release.

An important factor to ensure that defense-in-depth and safety margin considerations are not degradedI

during the implementation of graded QA'is control of potential common mode failures. As discussed in
,,

4.1.2, groups of nommally identical SSCS, utilized in multiple systems throughout the plant, can as an
aggregate have high safety significance. The reduction or loss of independence among components that

could be introduced by a reduction of QA controls is not modeled in PRA. Consequently, the licensee

should demonstrate that the potential for cross system common mode failures to substantially increase
! risk is :ninimiW. This assessment is necessary since an underlying assumption in the PRA functional

safety-significance determmation is that cross system independence exists. Attributes of the QA

program that would reduce the likelihood of such vulnerability should be discussed . For example, the
graded QA program compensatory measures might include features ~r.h as receipt inspection and
testing coupled with an appropriate performance monitoring and feedback program. Alternatively,
quantitative analyses can be performed to demonstrate that substantial risk increases are mimmal

Principal four in regulatory guide DG-1061 states that any proposed increase in risk is small and does .
not cause the NRC safbty goals to be exceeded. The regulatory guide subsequently defm' es "small"

quantitatively in the form of acceptance guidelines (see section 2.4.2.1 of DG-1061). Although the risk
impact of graded QA changes on individual components is expected to be minimal, reduced QA
oversight may be applied to a large number of SSCs. It is recognized that limited data is available to

j define the impact of quality assurance programs on SSC reliability. Accordingly, licensees may chose
l to provide a qualitative evaluation addressing principal four directly, e.g., that any increase in risk will

be small and the safety goals will not be exceeded. Such evaluations should explicitly address the

!

|-
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monitoring and corrective action program. Alternatively, the licensee may use a quantitative
evaluation based' on, for example, sensitivity studies to demonstrate that the change in CDF and LERF

as a result of the implementation of the graded QA program is not expected to exceed the acceptable
changes in risk as defined by DG-1061.

4.3 Integrated Assessment

Generally, the performance of, and integration of, the above described evaluations should be performed
by a number of technically knowledgeable personnel. One acceptable approach to accomplish thi-
function is to utilize a multi-disciplinary review group of technically proficient plant personnel, referred
to here as an expen panel.

If the integrated assessme it function is performed by an expert panel, the expen panel determines
safety significance and considers QA program adjustments for SSCs categerized as I;w-safety-

significant. The panel would nommally include experienced representatives i em varbus disciplines
sue? as operations, maintenance, engineering, safety analysis and licensing, and PRA. The

composition of the expert panel should be augmented, if necessary, to support the purpose of the

safety-significance rankmg and the grading of QA controls. For example, because of the emphasis on
QA considerations in the GQA process, QA and procurement engineering personnel may be assigned to
the panel.

The expen panel is responsible for determmmg the safety significance of the system functions and

SSCs. The panel should evaluate both traditional engineering, probabilistic, and qualitative information
available regarding the systems and system functions within the defined scope of the graded QA
program changes. The evaluation snould include either resolving or approving the resolution of the
quantitative and qualitative issues addressed in sections 4.1.2.1 and 4.1.2.2.

Safety significance may be determined using guidelines related to prevention and mitigation of core

damage, as well as containment integrity and large early release frequency. Factors such as potential
common-mode failures, human errors, defense in depth, the importance of plant equipment used for

emergency preparedness and plant monitoring functions, and the maintenance of safety margins should
also be fully considered. Additional guidance on the integration process is described in Appendix B to
the General Standard Review Plan for Risk Informed Regulation.
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5. ELEMENT 3: DEVELOP IMPLEMENTATION AND MONITORING
STRATEGIES I

.

This section addresses the first, second, third and the fifth principles for risk-informed decision making.

The objective of the graded QA effort is to implement a QA program that provides a reasonable level
of confidence that plant SSCs will be capable of performing their intended functions. The extent of QA i

controls will be determined by the relative safety significance and safety functions performed by the |
f

equipment to which those controls are applied. The revised licensee's graded QA program will need to

specifically identify.how the 10 CFR 50, Appendix B criterion will be satisfied. The licensee may
adjust the elements of the QA program as it deems necessary to provide a reasonatile level of

!
confidence that the SSCs will be capable of performing their intended function. The licensee will

demonstrate that the proposed program, in total, is sufficient to achieve this objective. |

5.1 Grading of Quality Activities

The first step of the evaluation process is for the licensee to identify specific elements of the quality
assurance program controls that.will be adjusted for the set of plant equipment that is defined to be low-
safety significant. For example, a licensee may propose a change to its verification practices and
perform verifications on a sampling basis. Additionally, the licensee should identify the approach for
evaluating the adequacy of QA controls for non-safety-related SSCs determined to be high-safety-

significant. Augmented quality controls will likely be warranted for tnese items.

5.1.1 Regulations and Commitments
i
'

in accordance with the first principle, no exemptions from current regulations are expected to be

needed to implement a graded QA program.

The licensee's QA program description should be revised to address GQA activities applicable to j
'

safety-related SSCs of low'-safety-significance, including a discussion of how the applicable
!requirements of Appendix B to 10 CFR Part 50 will be satisfied for that part of the program in

accordance with 50.34(b)(6)(ii). This may be accomplished by a discussion that identifies exceptions to

applicable NRC regulatory guides (R.S.) and associated endorsed industry standards or by including
additional text that describes how Appendix B will be satisfied (merely re-stating the Appendix B

provisions will not be acceptable). The submittal should adequately describe the safety significance
determination process, and the adjustments made to the QA provisions associated with the eighteen

icriteria of Appendix B to 10 CFR 50 to describe how the requirements will be satisfied in a graded
manner. While considerable flexibility may be exercised, the QA program should be based on

standards of performance that are clear, definite, and enforceable.
.

Grading of QA activities will likely result in changes that reduce QA program commitments relating to
SSCs of low-safety-significance. In that event, the NRC would expect the licensee to submit a QA

March 25,1997 5-1 DG-1064
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program change to the NRC in accordance with 10 CFR 50.54(a), as discussed further in this section
and in section 6. -

However, plant SSCs cannot be re-classified as non-safety-related solely based on risk considerations. f
. Regulatory requirements in Appendix A, Section VI(a)(1) of 10 CFR 100,10 CFR 50.2,.

;

'10 CFR 50.49(b)(1), and 10 CFR 50.65(b)(1), prescribe the criteria for determining which SSCs are j
safety-related and are subject to the provisions of Appendix B to 10 CFR 50. However, GQA does

allow for differences in QA controls for safety-related SSCs based upon their safety significance.

GQA programs should not result in either intended or effective changes in the design, configuration, or
technical requirements of plant systems. Such design or configuration changes would occur, for

i

example, when QA program reductions result in a loss of confidence of the SSC's ability to perform its
design function. The licensee should ensure that changes to technical requirements are only made in
accordance with applicable regulations.

Other regulations, such as the requirements of 10 CFR Part 21 " Reporting of Defects and
;

Noncompliance", including provisions relating to basic components and commercial grade item !

dedication; 10 CFR Part 50.55(a) " Codes and Standards"; and 10 CFR Part 50'.36, " Technical

Specifications", remain in effect and may not be changed by means of the GQA program description.-

Licensee commitments regarding QA are addressed in a number of documents, including the Final

Safety Analysis Report (FSAR), the QA Topical Report, and other docketed correspondence (e.g., >

responses to generic communications, mspection reports, etc). Licensees are expected to maintain

control of their licensing bases. Accordingly, changes from current commitments to QA Regulatory
'

Guides that will be revised as part of the graded QA program should be identified and the manner in

which they are being changed should be documented, reviewed, and approved where necessary by the
NRC in accordance with 10 CFR 50.54(a), as appropriate.

>

5.1.2 Grading of Quality Elements

After categorizing the system functions and subsequently the SSCs into two or more safety significance

categories as described rhroughout this Regulatory Guide, the licensee should apply appropriate QA
controls for the various categories. This is a critical factor in achieving the goals of the GQA initiative
and is performed by an integrated assessment, for example by an expert panel, as discussed in section
4.3.

For ,afety-related SSCs determined to be high-safety-significant, the current QA practices contained in.

the NRC approved QA program should be retained.

Licensees have flexibility to define the processes used to achieve reasonable confidence in SSC

performance commensurate with their safety significance. Therefore, the licensee may develop

; reduced, or graded, quality assurance controls for those SSCs assigned to the low-safety-significant
'_

category. Example areas where this may be possible are listed in Section 5.2 of this Regulatory Guide.

DG-1064 5-2 March 25,1997
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In proposing to reduce controls, two basic objectives should be kept in mind. These are: the GQA
|

program should be sufficient to assure the SSC's design integrity and ability to successfully perform its

safety function, and the GQA program should include processes and documentation that support an

| effective corrective action program as discussed in section 5.3.2. Accordingly, in reducing or

| enhancing the QA program for any SSC the licensee needs to describe how the proposed changes will

achieve the objectives. Also, consideration should be given to issues such as common cause failure

issues, as discussed in section 4.2.
|

A QA program which will identify certain SSCs of low-safety-significance and apply reduced QA
requirements to those SSCs should, as a mmunum, encompass the four essential elements [as identified
in SECY 95-059, " Development of Graded Quality Assurance Methodology"), described in section 1.

h should be emphasized that a certain number of SSCs currently categorized as non-safety-related (i.e.,

that have not previously been subjected to an Appendix B QA program) may fall into the high-safety-

significant category based on application of the methods described in this Regulatory Guide. Licensees
should evaluate whether augmented quality assurance practices are warranted for these "high-safety-

significant, non-safety-related" SSCs to achieve the above objectives and to fulfill the regulatory

requirements of 10CFR50, Appendix A, General Design Criterion 1 which requi~res that quality

programs are to be applied commensurate with the relative importance of SSCs to plant safety.
Licensees may voluntarily select certain Appendix B QA program controls as these augmented quality

provisions. The use of risk insights should be performed in an integrated manner to identify areas

where improvements should be implemented.

The categorization of SSCs as either high ,afety or low-safety-significant is either derived directly or
indirectly from the licensee's PRA, or from qualitative methods that consider the results of PRA where

available. In particular, PRA takes credit systematically for non-safety-related SSCs as: 1) providing

support to, or 2) alternatives to, and 3) back-ups for safety-related SSCs. Thus, the categorization of
safety-related SSCs as low-safety-significant depends upon the proper operation and reliability
attributed to non-safety-related SSCs as part of the safety significance determmation process. The

application of the augmented controls discussed above provides reasonable confidence that the
reliability assumed in the risk analysis, or the associated qualitative decision making process, remains
valid. The commitment to apply QA controls to high-safety-significant, non-safety-related SSCs, and
the delineation of the augmented quality controls that will be applied to those SSCs must be

documented by the licensee in the QAP.

5.2 Potential Areas for Implementing Graded QA Prcrun Controls

All 10 CFR Appendix B QA program controls previously applied to low-safety-significant SSCs that

! are safety-related are candidates for grading subject to the guidance discussed earlier. In addition for

j high-safety-significant SSCs that are non-safety-related, licensee evaluation should be performed to

! identify proposed augmented quality controls.
|

I
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Some areas which may be appropriate for applying graded quality assurance program controls for

safety-related SSCs of low-safety-significance are discussed below. The list is not exhaustive and ,

licensees may propose graded controls in other areas provided it can be shown the objectives discussed
in section 5.1.2 above are met. 'Ihe goal is to allow licensees flexibility to define acceptable QA

controls which provide reasonable confidence that the SSCs will perform their intended functions.

When considering the application of graded QA controls, the licensee should consider the essential

elements of the process (such as the safety-significance determmation, identification of graded QA :

controls, associated corrective action methe, and performance monitoring) to be high safety ,

significant activities that are not subject to gradmg. ;

5.2.1 Procurement i

i

!
Licensees may establish less stringent quality assurance requirements for the procurement of low-
safety-significant components than for high-safety-significant components. In makmg these changes, i

licensees should consider 10 CFR 21 and 10 CFR 50 Appendix B requirements, as implemented by j

Regulatory Guides 1.44 and 1.123. Within this area, the technical requirements for CGI dedication in i

accordance with 10 CFR Part 21 (critical characteristics of an item for an application) are not subject to |
grading. However, for items of low-safety-significance, the verification of critical characteristics may ]

be graded (e.g. by reduced sampling plans, or alternate testing techniques). Other procurement related
activities such as auditing, qualifying suppliers, and receipt inspection nuy also be graded. Licensees

I
should consider the role its procurement p ractices play in ensuring the prevention of cross-system

common cause failures and implement the procurement activities accordingly. |

J
'

.

|5.2.2 Frequency ofInspections

The licensee may chose to reduce inspection activities related to low-safety-significant SSCs and choose

to perform monitoring or surveillance oversight to assure that components can perform their intended
functions. Verifications by peer personnel in-lieu of certified inspectors may be implemented for the

low-safety-significant SSCs provided that the licensee uses individuals qualified to do inspections and

who are independent from the actual performance of the work activity as discussed above. However,
these changes cannot conflict with ASME Code required inspections and exammations or other

inspections and examinations specified in NRC regulations (e.g., use of the Authorized Nuclear

inspector services).

5.2.3 Records and Documentation j
1

Documentation, such as procedures and design packages, for low-safety-significant SSCs may be less
^

detailed than for high-safety-significant items. In assessing the level of detail specified in procedures or

actual packages related to low-safety-significant items, there should be enough evidentiary detail to
maintain plant design and configuration control. Further, sufficient records need to be maintained to i

evaluate failures, perform root cause analyses, and to detennine appropriate corrective actions. In all
!
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l

cases and regardless of the risk ranking, a licensee should be able to show that it has sufficient
;

documentation to show that the current facility configuration is consistent with its design bases.

5.2.4 Audits ' .

Processes and work associated with low-safety-significant SSCs may be audited less deeply and less
frequently than high-safety-significant activities. Surveillance, performance monitoring, self-
assessments, trend data or other activities may in some cases replace formal audits in low-safety-

significant areas.
,

5.2.5 Staff Training and Qualification Requirements

The licensees may establish different training and qualification requirements for personnel performing~

tasks on low-safety-significant SSCs, however those personnel would need to remain sufficiently
technically proficient in their assigned area of responsibility to provide reasonable confidence that
affected SSCs would be capable of performing their intended functions. The licensee would need to
meet the requirements of the applicable regulations and technical specification requirements pertaining
to training programs and staff qualifications.

5.2.6 Corrective Action .

Corrective actions are important for all safety-related SSCs and the staff has therefore not identified any

portions of the Appendix B corrective action controls which appear to be candidates for grading.

5.3 Performance Monitoring

The implementation of a performance monitoring program is necessary so that the GQA program
continues to ensure that component performance is consistent with that assumed in the categorization

process. The conduct of performance monitoring is generally addressed in section 2.5 of Reference
25.

As discussed in this regulatory guide, GQA programs do not follow in detail all of the steps inherent in
other risk-informed regulato'ry decision-makmg applications as outlined in DG-106), because many of
the SSCs of interest in GQA programs are not modeled in the PRAs, and it may not be possible to

quantify the effects of changed QA programs on the SSC's performance. For these reasons, a larger.

portion of the decision-makmg is left to the discretion and judgement of licensee personnel who
perform the integrated assessment function (typically an expert panel).

!

In the GQA program, the " operational feedback" and " corrective action * portions of the program
assume considerable importance in the programs, and their acceptability must be pivotal in the

,

determination of the overall program's acceptability. The licensee should develop criteria for

monitoring the performance of the low safety-significant SSCs based upon risk insights developed
during the safety-significance categorization process. The level of the monitoring program (SSC, train,

5-5 DG-1064
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h
system, etc.) should provide the capability to determine if, and when, the performance of the low- I
safety-significant SSCs deteriorates to unacceptably low levels. As QA programs address a broad

spectrum of plant activities, the monitoring program should address-both plant hardware (SSCs)
|

monitoring as well as process and organizational effectiveness monitoring. |

[-

5.3.1 Operational Feedback l
.

1

The GQA program should include a process (which is generally performed by licensees irrespective of
GQA) to evaluate plant and industry operational experience and the potential need to revise SSC safety l

significance categorizations or QA controls. Operating experience and plant modifications are two

sources of information that could give insights about the effectiveness of a licensee's GQA program and
feedback mechanisms.

Operating Exnerience: Sources of operating experience data include: licensee performance.

indicators, NRC generic communications, Institute of Nuclear Power Operations (INPO) and
Electric Power Research Institute (EPRI) design reliability data, Systematic Assessment of

Licensee Performance (SALP) reports, licensee event reports (LERs), NRC inspection reports,
equipment maintenance histories, plant performance reviews, reliability'and unavailability data,
equipment performance or condition trending data, Nuclear Plant Reliability Data System.

(NPRDS), and quality assurance assessments. The industry-wide data should be evaluated for

consistency with PRA assumptions, system unavailabilities, and other plant-specific data,
i

Plant Modifications and SSC Reolacements: Plant modifications, and SSC replacements and ;
.

| parts thereof, might affect the safety significance determmation or selection of QA controls for
.

; low-safety-significant SSCs. Accordingly, the GQA program should periodically review plant
! modifications with respect to their potential impact on safety significance determinations.
j Alternately, the design change process may include provisions to verify that changes do not

j affect SSC safety significance or associated QA controls.
,

,

Reliability and Availability Monitoring: ' Die licensee should define performance
< .

j thresholds based on ensuring, to the extent possible, that the equipment unavailabilities

! used in the PRA and upon which most of the safety categorization is based remain
i valid.

!

: A program assessment, which could be accomplished in conjunction with similar Maintenance rule

provisions, should be performed to ensure that the overall GQA process (activities associated with>

! safety significance determmation, grading of QA controls, implementation of performance monitoring,
and application of corrective actions) is being effectively implemented and provide insights into,

} whether the GQA program needs improvements. As part of the assessment, plant deficiencies should

; be evaluated and the bases for whether the safety significance categorizations (e.g., the PRA model and

i
4

i

,
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assumptions) and assignment of QA controls continue to reflect plant design and operating practices.

This assessment should not be performed in a graded manner and should be considered to be a high

safety significant activity as it serves to confirm the integrity of the GQA process implementadon.-

5.3.2 Corrective Actions

The licensee's graded QA program shall include strong and effective corrective action and root-cause

analysis, and one of the potential root causes considered should be whether the graded quality

assurance treatments of SSCs are sufficient. That is, failures of low-safety-significant SSCs should be

identified in accordance with corrective action programs or trending programs so that the licensee can

ascertain whether the reduction of the QA controls may have resulted in an unacceptable decrease in an
SSC's performance.

Licensee corrective action or trending programs should identify, and determine the apparent cause of

failures of SSCs, that meet licensee established thresholds, under the less stringent QA controls to

determine if licensee established performance criteria and/or quality elements need to be changed. If ;

the failure is determined to apply generically to other SSCs, or the failure represents a potential |

common cause concern for similar equipment installed in multiple systems, or if~an excessive number

of failures occur, then further licensee evaluations are warranted. An apparent cause determmation is j
still warranted to screen the failures in order to ascertain the necessity to perform more in-depth
evaluations. The licensee's response to negative performance trends may need to include an assessment

of the SSC's safety significance categorization, since the reduction in performance could affect the
basis for assigning the SSC to the low-safety-significant category.

The SSC risk-categorization methodology could be potentially affected by the SSC reliability
assumptions. This could also potentially affect final categorization decisiens to the extent that

reliability was used as a licensee criterion for determining the safety significance of the SSC that failed.

Both the probabilistic and non-probabilistic methods previously tised shomi be re-evaluated in those

instances where there is significant disparity between the analysis assumptions and the observed data.

The GQA program controls should be evaluated to determine if they need to be strengthened as a result

of the failures. Additionally, based upon performance monitoring results, the licensee may further

evaluate both safety-significance categorization and assignment of QA controls to identify situations
where they may be relaxed. Such changes wouk' be evaluated as discussed in other sections of this

guide.

.

March 25,1997 5-7 DG-1064



. ,

Draftfor Comment
Documentation

6. ELEhENT 4: DOCUhENTATION |

The recommended format of a plant-specific, risk-informed GQA submittal is presented in this chapter.
Use of this format by licensees will help ensure the completeness of the information provided, will
assist the NRC staff in locating the information, and will aid in shortening'the time needed for the

review process. Additional guidance on style, composition, and specifications of safety analysis reports
is provided in the Introduction of Revision 3 to Regulatory Guide 1.70, " Standard Format and Content

of Safety Analysis Reports for Nuclear Power Plants (LWR Edition)"

6.1 GQA Program Submittal

The licensee's existing QA program description contained in, or referenced by, the FSAR should be
revised to describe the GQA program provisions. The submittal containing the proposed GQA

provisions should contain the following:

(1) the description of the graded QA program implementation scope and the basis for concluding
the overall QA program provides reasonable confidence that SSCs remain capable of

performing their intended function.

(2) the process and guidelines developed by the licensee to determine the safety-significance

categorization of all SSCs within the Graded QA program scope as defined in this regulatory

guide. |

(3) the role cf the staff who perform the integrated assessment function (expert panel).

(4) the process for determining the QA controls being applied to each safety-significance category

of SSCs. J

(5) a description of the adjustments proposed as part of the GQA program and how the

requirements of each of the criterion of Appendix B to 10 CFR 50 will be satisfied in a graded

manner.

(6) augmented QA controls for non-safety related SSCs categorized as high-safety-significant.

(7) important assumptions including SSC functional capabilities and performance attributes, which

play a key role in supporting the acceptability of the QA program change. Since continued
satisfaction of these assumptions is necessary to maintain the validity of the categorization

process, these licensee commitments will need to be reflected in the QAP description of the

change.

(8) the operational feedback and enhanced corrective action mechanisms and processes to adjust
both safety significance categorization of SSCs and the associated QA controls.
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(9) the performance monitoring process, and SSC functional performance and availability attributes

which form the basis of the proposed change.
.

6.2 Plant Data and Engineering Evaluation

Licensees may submit the following information as a separate document to suppon the proposed GQA
I

submittal. This information should be availabic for staff review at the licensee's offices.
|

| 6.2.1 Systems Pertinent to GQA
!

Summanze design and operating features of systems where changes to the QA program are planned,

and systems supponed by the systems where changes to the QA program are planned. For each

system, include a table summanzmg key design and operating data. Values that are used in the
analysis should be identified and justified. Refer to appendices or other documents (e.g., specificI

sections of the FSAR or design bases documents) as necessary for more details. Systems to be

considered should include the peninent portions of all systems modeled in the plant-specific j

i probabilistic analysis.

|

6.2.2 Status of SSCs !
l

All SSCs whose QA program control is proposed to be changed should be listed in a table which should
include (at a nummum) the plant's SSC label, the current QA categorization (by default all safety- i

related SSCs will initially have a "high" QA categorization), the proposed QA categorization,
associated correlation with system functions, and a brief explanation of the justification for the

'

proposed change.

6.2.3 Plant Operating Experience

. Summarize any major events involving failures whose occurrence was attributable to inadequate or j

improperly applied QA controls at this plant. Include in this summary any lessons learned from the
events and indicate actions taken to prevent or mmmuze recurrence of the events.

6.2.4 Engineering Evaluation

in addition to the general documentation requirements identified in Reference 25, "An Approach for

Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the
Current Licensing Basis ", provide justification of the plant's continued compliance with applicable
rules and regulations, and provide a complete description of each issue considered for the engineering
evaluation and a discussion of how the resolution of each issue impacts the categoriza' ion of SSCs. All

information should be provided in the main repon.

Documentation should also be available describing the methods and techniques used for developing

| quantitative and qualitative risk insights used to suppon the categorization the safety significance of
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.

SSCs. All risk studies used should be clearly identified, including the date and the version of the,

studies as applicable. Other documentation should include a description of;
.

(1) the review process whereby the risk studies, the findings of the review process, and the

i licensees response to any questions or comments raised by the reviewers.

t

; (2) how the importance measures were calculated and used (including the guidelines to categorize

if applicable). This information should be augmented by technical description on how the
,

limitations associated with the use of importance measures discussed in Chapter 4.1.2.1 were
,

i resolved.

;
General guidance on acceptable documentation for the content and quality of risk studies used to

i support a risk informed application can be found in Reference 25, " An approach for using probabilistic

} risk assessment in Risk-informed decisions on plant-specific changes to the current licensing basis," ,

|
| DG-1061.
!

l .

I
; I

!

l

|

.
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1. INTRODUCTION |
|

1.1 Background

Section 182a of the Atomic Energy Act requires that applicants for nuclear power plant operating licenses

shall state:

[S]uch technical specifications, including idormation of the amount, kind, and source
of special nuclear material required, the pee of the use, the specific characteristics of
the facility, and such other information as the Commiaion may, by rule or regulation,
deem necessary in order to enable it to find that the utilization . . . of special nuclear
material will be in accord with the common defense and security arxf will provide

adequate protection to the health and safety of the public. Such technical specifications
shall be a part of any license issued.

In 10 CFR 50.36, the Comminion established its regulatory requirements related to the content of
|technical specifications (TS). In doing this, the Commission placed emphasis on those matters related to'

the prevention of accidents and the mitigation of accident consequences; the Commission noted that
applicants were expected to incorporate into their TS "those items that are directly related to maintaining
the integrity of the physical barriers designed to contain radioactivity" (33 FR 18610). Pursuant to 10
CFR 50.36, TS are required to contain items in the following five specific categories: (1) safety limits,

limiting safety system settings, and limiting control settings; (2) limiting conditions for operation;
(3) surveillance requirements; (4) design features; and (5) administrative controls.

Since the mid-1980s, the NRC has been reviewing and granting improvements to TS based, at least in

part, on probabilistic tisk maeument (PRA) insights. Some of these improvements have been proposed by
the NSSS owners groups to apply to an entire class of plants. Many others have been proposed by

.. _

individual licensees. Typically, the proposed improvements involved a relaxation of one or more allowed

outage times (AOTs) or surveillan* test intervals (STIs) in the TS.

In its July 22,1993 final policy statement on TS improvements, the Commission stated that it:

... expects that licensees, in prepanng their Technical Specification related submittals,

will utilize any plant-specific PSA or risk survey and any available literature on risk

insights and PSAs . . . Similarly, the NRC staff will also employ risk insights and PSAs ,

in evaluating Technical Specifications related submittals. Further, as a part of the
Cn=mi= ion's ongoing program ofimproving Technical Specifications, it will continue
to consider methods to make better use of risk and reliability information for defining

.

future generic Technical Specification requirements.

'Ibe Conurlssion reiterated this point when it issued the revision to 10 CFR 50.36 in July 1995.

March 13,1997 1-1 DG-106
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Risk-informed TS submittals primarily deal with permanent changes to TS requirements, i.e., as the name

suggests, the requirement is permanently changed when approved, and is applicable to all future

occurrences. A one-time change to a TS requirement, where a different requirement is requested for a

particular incident, also can use risk-informed evaluations, but it involves slightly different scope and
considerations. This regulatory guide focuses on permanent changes to TS.

1.2 Purpose and this Regulatory Guide

This regulatory guide describes an acceptable approach for applying risk-informed methods to the ch=ngng
of nuclear power plant TS allowed outage times (AOTs) and surveithnee test intervals (STIs)in order to
assess the impact of such proposed changes on the risk associated with plant operation in a consistent
manner.

1.3 Scope of this Regulatory Guide

This regulatory guide describes an acceptable approach for assessmg the nature and impact of proposed
permanent TS changes in AOTs and STIs by considering engineering issues and^ applying risk insights.
A"a"ments should consider relevant safety margins and defense-indepth attributes, including
consideration of success criteria as well as equipment functionality, reliability and availability.
Acceptance guidelines for evaluating the results of such evaluations are provided also.

This regulatory guide also describes development of acceptable TS change implementation strategies and
performance monitoring plans that are sensitive to uncertainties.

Finally, this regulatory guide indicates an acceptable level of documentation that will enable the staff to

reach a fin &ng that the licensee has performed a complete and scrutable TS change analysis and that the
results of the engmeering evaluations support the licensee's request for the TS change.

1.4 Relationship to Other Guidance Documents

' Ibis regulatory guide does not dupliczte material in Regulatory Guide DG-1601, "An Approach for Using
Probabilistic Risk Aue"mant in Risk-Informed Decisions on Plant-Specific Changes to the Current

Ucensing Basis," which should be consulted for topics common to all risk-informed regulatory
applications. Additionally, the companion draft NUREG-1602, "Use of PRA in Risk-Informed

Applications," contains reference material on issues and methods for PRA that can be used to support
regulatory decisionmnHng. ' Ibis regulatory guide provides only that guidance needed specifically for risk-
informed TS changes over and above that given in Regulatory Guide DG-1061.

DG 1065 1-2 Mah 13,1997
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2. AN ACCEPTABLE APPROACH TO RISK-INFORMED |
1

DECISIONMAKING REGARDING TS CHANGES |
.|

' Ibis Regulatory Guide describes a four element approach (illustrated in Figure 2.1) for evaluating risk- |
informed TS changes that er===~s each of the following five key principles of the staff's philosophy. ]

f
of risk-infe eM+==Wg applied to TS changes. !

1. The proposed change meets the current regulations. Applicable rules and regult. dons that form the
I

regulatory basis for TS are discussed in Section 4.1,"Comphance with Current Regulations".

2. Defense-in-depth is maintained. The guidance contamed in Section 4.2," Traditional Engineenng
Consideratior ", applies the various aspects of maintauung defense.in-depth to the subject of changes in

TS.

3. Sufficient safety margins are maintained. The guidance contamed in Section 4.2," Traditional

Engmeenng Considerations", applies various aspects of maintaining sufficient' safety margin to the

subject of changes to TS.

'

4. Proposed changes in risk, both individual and cumulative, are small or are reductions and should
not cause the NRC Safety Goals to be exceeded.

5. Performance-based implementation and monitoring strategies are proposed that address '

uncertainties in analysis models and data and provide for timely feedback and corrective action. The

three-tiered implementation approach discussed in Section 5.1, and Maintenance Rule control discussed in

Section 5.2 provide gmdance in meetmg this principle.

i

Given the prmeiples of risk-informed decisionmaking dim >=A above, the staff expects that a certain |
2

evaluation approach and acceptance guidelines that follow from those principles will be followed by
licensees in implementing these principles, and the staff has identified a four element approach to

evaluating proposed CLB changes, as described in regulatory guide DG-1061, "An Approach for Using
Probabilistic Risk A-==nt in Risk-Infonned Decisions on Plant-Specific Changes to the Current

ihming Basis," December 1997. 'Ihose detailed discussions regarding the evaluation approach and I

acceptance guidelines are not repeated here; instead, specific application of the four element approach for

risk-informed TS is Ale >~A

Element 1: Def"me the proposed TS change

'Ibe licensee needs to explicitly identify the particular technical specifications that are affected by the
;

proposed change, and identify available engineering studies, methods, codes, and PRA studies that are
related to the proposed change. 'Ibe licensee should consider how such changes will affect conformance

,

'

1

-
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with the plant's current licensing basis (CLB)'. The licensee should also determine how the affected

systems, *+; ===, or parameters are modeled in the PRA and should identify all elements of the PRA |
-

that the change impacts. *Ibe licensee should utilize PRA insights to both determine the impact of the i

change on plant safety and to understand the impact on the licensing basis. Chapter 3 describes element 1 .I

in more detail.

Element 2: Conduct engineering evaluations
4

The hcensee should examine the proposed change to vmfy that it meets existing applicable rv:es and

r lhe In addition, the hcensee should determme how the change impacts defense in dr.pth aspects of

the plant's design ard operation, and should determme the adequacy of safety margins following the

proposed change. Fim.lly, the licensee should consider how plant and industry operating experience relates to

the proposed change, and what potential 9 - ;; ==~y measures could be taken to offset any negative impact
-

from the' proposed change.

The heenece should also perform risk-informed evaluations of the proposed change to detmmne the impact

on plant risk. The evaluation should explicitly consider the specific plant equipment affected by the proposed i

TS changes and the effects of the proposed change on the functionality, reliability, and availability of the |
. affccted egm;+ =^ The r- my scope and level of detail of the analysis depends upon the particular |
systems and functions that are affected, and it is recogmzed that there will be cases for which a qualitative, j

rather than quantitative, risk analysis is acceptable. |
)

The liceneee should provide the rationale that supports the acceptability of the proposed changes by

integratmg probabilistic insights with traditional considerations to arrive at final determmation of risk. The
determmation should consider the continued conformance to existmg applicable rules and regulations, the

adequacy of the traditional engmeenng evaluation of the proposed change, and the change in plant risk -_ _ _ ,

relative to the acceptance guidelines. All of these areas should be adequately addressed before the change is
"

considered acceptable. The specific guidance for an acceptable approach for perfonmng engmeenng

evaluations of changes to TS is found in Chapter 4.

4

.

This reA guide adopts the 10 CFR Part 54 dermition of current licensing basis. That is, *Ci:rrent Iaoenang Basis8

(CLB)is the set ofNRC requirements applicable to a speedic plant and a licensee's written commitments for ensuring -:+- ;' - -: with
and opershon wish m apple =Me NRC requirements and the plant-specific design basis (including all n oddications and additions to such
commaments over the life of the boense) that are docketed and in effect. The CLB includes the EC regulations contained in 10 CFR
Parts 2,19,20,21,26,30,40,51,54,55,70,72,73,100 and appendices thereto; orderr, license conditionr, exemptions; and technical
5-snannan it also menudesthe plant-specific design-basis information defmed in 10 CFR 50.2 as documented in the most recent fmal
safety analyas suport (FSAR) as required by 10 CIA 50.71 and the hcensee's commitments remaming in effect that were made in docketed

licensing .~.. ,~.Aw such as beensee responses to NRC bulletins, genene letters, and enforcement actions, as well as beensee
commnments documented in NRC safety evaluations or licensee event reports?

DG-1065 22 March 13,1997
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] Fle=*at 3: Develop implementation and monitoring program

1

The hcensee should develop an implementation and performance monitoring program formulated to confirm i

the assumptions and analyses that were maA>M ojustify the CLB change, to ensure that plant operational )t; -

safety can 'oe ===tamad consistent with the assumptions in the PRA analysis of Element 2, and to ensure I
,

that the process provides criteria for taking actions based on the results of the monitoring efforts. Specific
i =iid== for element 3 is provided in Chapter 5.

! '
Flamant 4: Submit proposed change

i

De final element involves dac=nanting the analyses and submitting the license amendmant request NRC
- will review the submittal according to NRC Standard Review Plan (SRP) Chapter 16.X, " Risk Infonned
! '

Decisianmaung: Technical Specifications", and in accordance with the NRC regulations governing license

I ==andments (10 CFR 50.90,50.91, and 50.92). Documentation and submittal guidance for risk-informed

TS change evaluations are provided in Chapter 5 of this regulatory guide.

|-

4

4

i
-

!

i
;
&

i
i
!

!
l
i
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An Acceptable Approach

.

N

INTEGRATED DECISION
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DofinePerform
im plem entationtDefine -> Engineering O y Submit

Change Monitoring Change
Analysis Program

Figure 2.1 General description of an acceptable approach to risk-informed applications.
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| 3. ELEMENT 1: DEFINE THE PROPOSED CHANGE
1

j 3.1 Reason for Proposed Change
!
3

| The reasons for requesting the TS change or changes should be stated in .the submittal along with

j information that demonstrates that the extent of the change is weded Generally acceptable reasons for

| requesang TS modifications fall into one or more of the categories below.
!

3.1.1 Improvement in Operational Safety !
:

i

{ 1he reason for the TS modification may be to improve operational safety; that is, a reduction in the plant

! risk or a reduction in occupational exposure of plant personnel in complying with the requirements.

I

| 3.1.2 Consistency of Risk Basis in Regulatory Requirements
! ...

4

The TS modifications requested can be supported on their risk implications. TS requiremerits can beg

j changed to reflect improved design features in a plant or to reflect equipment reliability improvements that

| make. a previous requirement unnecessarily stringent or ineffective. TS may be' changed to establish

consistently based requirements across the industry or across an industry group. It must be ensured that
*

the risk resulting from the change remams acceptable.

| 3.1.3 Reduce Unnecessary Burdens
t
j

!- 1he change may be needed to reduce nanae*=ry burdens in complying with current TS requirements,

| hased on the operating history of the plant or industry in general. For example, in specific instances, the

; repair time neadad may be longer than the AOT defined in the TS. The required surveillance may lead to

! plant transients, result in unnecessary equipment wear, result in excessive radiation exposure to plant

| personnel, or place unnecamry edraini=trative burdens on plant personnel that are not justified by the

! mfety significance of the surveillance requirement. In some cases, the change may provide operational

: flexibility, and, in those cases, the modification might allow an increase in the allocation of the plant

[ personnel's time to more safety-significant aspects.

!

b
1

i
}

l
:

,I

i
.
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4. ELEMENT 2: CONDUCT ENGINEERING EVALUATIONS;

|

I De second element of an acceptable approach to risk-informed TS modifications involves amming the

impact of the proposed TS change on postulated design basis accidents and transients and on potential core

damage accidents, using both traditional engineering methods and PRA techniques and insights.
,

: I'-~= are &~' to provide strong technical bases for any TS change. The technical bases should be l

rooted in traditional engmeering and system analyses TS change requests based on PRA results alone should |<
,

not be submitted for review. TS change requests should give proper attention to the integration of

: considerations such as conformance to Standard Technical Specifications, generic applicability of the

! requested change ifit is different from Standard Technical Specifications, operational constramts, i

|
manufacturer recommendations, and practical considerations for test and maintenance Standard },ractices

used in setting AOTs and STis should be followed, e.g., AOTs nominally used are 8 hours,12 hours,24 )'

! bours,72 hours,7 days,14 days, etc. STis nommally used are 12 hours,7 days, I month,3 months, etc.

Using such standards greatly simplifies implementation, scheduling, monitoring, and auditing. Logical j

consistency among the ress wuts should be maintained, e.g., AOT reqmrements for multiple trains out of |
service should not be longer than that for one of the constituent trams

4

4.1 Compliance With Current Regulations
i

In evaluating proposed changes to TS, the licensee must ensure that the current regulations are met,i

consistent with principle #1 of risk-informed regulation. He NRC regulations specific to TS are stated in
10 CFR 50.36, " Technical Specifications." Additional information with regard to the NRC's policies on
TS is contained in the *NRC Final Policy Statement on Technical Specification Improvements for Nuclear

Power Reactors" (58 FR 39132). These documents define the main elements of TS and provide criteria

for items to be included in the TS. The final policy statement and the statement of considerations for 10

CFR 50.36 (60FR36953) also discuss use of probabilistic approaches to improve TS. Regulations

regarding application for and issummce of license amendments are found in 10 CFR 50.90, 50.91, and
50.92. In addition, the licensee should ensure that the TS change does not result in non-compliance with

any other portion of the current licensing basis.

4.2 Traditional Engineering Considerations

4.2.1 Maintenance of Defense-in-Depth

One aspect of the engmeering evaluations is to show that the fundamental safety principles on which the

plant design was based are not compronused. Design basis accidents (DBAs) play a central role in nuclear

power plant design. DBAs are a combination of postulated challenges and failure events against which

plants are designed and design features that ensure adequate and safe plant response. During the design

process, plant response and associated safety margins are evaluated using assumptions which are intended

.
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to be conservative. Nadonal standards and other considerations such as defense-in-depth attributes and the
;

'

'

single failure criterion constitute additional engineering mnsiderations that influence plant design and
operation. Margins and defenses assocutted with these considerations may be affected by the licensee's
proposed TS change at therefore, should be reevaluated to support a requested TS change. As part of

,

this evaluation, the impact of the proposed TS change on affected equipment functionality, reliability, and

availability will be desernuned.

The licensee should assess whether the proposed TS change meets the defense-in-depth principle (principle

#2). Defense-in depth manicos of a nnmher of elements as summarized below. These elements can be

used as g@Haas for making that anne-nant. Other equivalent acceptance guidelines are acceptable.

Defense-in-depth is maintained:*

a reasonable hainnce among prevention of core damage, prevention of containment failure, and*
i

consequence mitigation is preserved, e.g., the proposed change in a TS AOT or STI has not

significantly changed the hainnee among these principles of prevention and mitigation. TS change

requests should consider whether the anticipated operational changes associated with a change in

an AOT or STI could introduce new accidents or transients or could increase the likelihood of an
accident or transient

over-reliance on programmatic activities to compensate for weaknesses in plant design is avoided,*

e.g., a programmatic configuration control process should not be relied upon to account for a'

large risk increase associated with a TS AOT extension

system redundancy, independence, and diversity are maintained commensurate with the expected*

frequency and consequences of challenges to the system, e.g. there are no risk outliers (the

following items should be considered):

there are appropriate restrictions in place to preclude simultaneous equipment outages that would-

erode the principles of redundancy and diversity;

compensatory actions to be taken when entering the extended AOT fro pre-planned maintenance-

are identified;

voluntary removal of equipment from service during plant operation should not be scheduled-

when adverse weather conditions are predicted or at times when the plant may be subjected to

other abrormal conditions; and

the impact of the TS change on the safety function should be taken into consideration. For-

example, what is the impact of a change in the AOT for the low pressure safety injection system
on the overall availability and reliability of the low pressure injection function?

4-2 March 13,199'
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defenses against potential common cause failures are maintained and the potential for 'etion |e
of new common cause failure mechanisms is assessed, e.g., TS change requests sho; mader |

whether the anticipated opuational changes associated with a change in an AOT or S'il coul!

introduce any new common cause failure modes not previously considered

indepe*w of barriers is not degraded, e.g., TS change requests should address the licensee's*

overall configuration risk management system which will provide a means of ensuring that the

independew of barriers has not been degraded by the TS change

defenses against human errors are ==ia'=i-A, e.g., TS change requests should consider whethere

the anticipated operation changes associated with a change in an AOT or STI could change the

expected operator response or introduce any new human errors not previously considered.

4.2.2 Maintenance of Safety Margins

'Ibe engineering evaluation conducted should swet whether the impact of the proposed TS change is

consistent with the principle that sufficient safety margins are maintained (principle #3). An acceptable set

of guidelines for m,bng that accessment are summarized below. Other equivalent decision guidelines are

acceptable.

* Sufficient safety margins are maintained:
,

1

codes and standuds or alternatives approved for use by the NRC are met, e.g., the proposed TS 1*

AOT or STI change is not in conflict with approved codes and standards relevant to the subject

system .
,

'

safety analysis acceptance criteria in the FSAR are met, or proposed revisions provide sufficient*

margin to account for analysis and data uncertainties, e.g., the proposed TS AOT cr STI change

does not adversely affect any memmptions or inputs to the safety analysis, or, if such inputs are

affected, justifiestion is provided to ensure sufficient safety margin will continue to exist. For TS
AOT changes, an assessment should be made of the effect on the FSAR acceptance crit:ria

n<mming the plant is in the A3T (i.e., the subject equipment is inoperable), and +.c e are nor
additional failures. Such an nuestment should Tesult in the id-mification of r.il situations where

entry into the proposed AOT could result in failu c to r.e t an ini: vied safety function.

)

:
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4.2.3 Additional hpaaaring Considerations

Additional MA-rations that are unique to risk-informed TS changes should be taken into account in an
engmeering evaluation. 'Ibese items can be mmmarized as follows:

(1) TS AOT and STI modifications should be supported by the overall safety benefit.

(2) Justification for TS AOT modificaions siald be based on the need for extended equipment outage

time and the demonstrated availability of redundant equipment. The AOT defined should be

adequate to complete the majority of the component repairs or post-maintenance activities intended

to be performed during power operation; however, AOTs should not be based solely on

preventative maintenance activities that require long outage times but occur 'mfrequently (e.g., once

every five years). In addition, the AOT should be adequate to conduct an) required surveillance
tests that render the component or system inoperable. 'Ihe burden of testir.g and maintenance can

place a stress on the crew, which can affect the quality of the testing or ma.ntenance and thereby

the component reliability. Crew burden should be part of the consideration in deciding changes to
requirements.

""

(3) Regardless of the AOT, the actual time equipment is removed from serv, ice should be minimir*A.
'Ibe removal should be performed during stable plant conditions and should not result in repeated

TS entries.

(4) TS change requests should consider both plant-specific and industry-wide operational experience on
systems important for coping with transients or accidents.

(5) Some systems may not be modeled by the plant's PRA, but could affect the best estimate of the

performance or availability of systems that might provide a backup function for the system for

which the TS change is being requested (this could change the required performance or availability

of the system for which the TS change is being sought). The review should, therefore, consider

systems beyond those modeled in the PRA.

(6) TS change requests should consider the occupational exposure to test and maintenance personnel to

conduct required test and maintenance on the subject TS system.

4.3 Evaluation of Risk Impact ,

'Ibe staff has identified a three-tiered approach for licensees to evaluate the risk associated with proposed

TS AOT changes. The first tier is an evaluation of the impact on plant risk of the proposed TS change as
expressed by the <-hange in core damage frequency (ACDF), the change in the incremental conditional core

DG-1065 4-4 March 13,1997
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damage probability GCCDP)2, and the incremental conditional large early release probability OCLERP) .
De second tier is an evaluation of the procest used to address potentially high risk configurations that

could exist if equipment in addition to that associated with the change were to be taken out of service

simultaneously, or other risk significant operational factors such as concurrent system or equipment tesung
were also involved. De objective of this part of the review is to ensure that appropriate restrictions on

daminent risk-significant configurations associated with the change are in place. De third tier is an
evaluation of the overall configuration risk mamgement system to ensure that adequate programs and

procedures are in place to identify and compensate for other potentially lower probability, but nonetheless
risk-significant configurations resulting from maintenance and other operational activities. Althoughi

defense in depth is protected to some degree by most current TS, the three-tiered approach to the '

evaluation of risk-informed TS modifications AlewA in the following section provides additional
i

! assurance that defense in depth will not be significantly impacted by such changes to the licensing basis.

Tier 1. PR A remhilitv and inciphte

!
In the first tier, the licensee should assess the impact of the prcposed TS modification on core damage

|
frequency (CDF), ICCDP, and ICLERP. To support this assessment, two aspects need to be considered:
1) the validity of the PRA, and 2) the PRA insights and findings. The licensee should demonstrate that its
PRA is valid for n=>ccing the proposed TS modifications and identify the impact of the TS change on plant

risk.

Tier 7 Avoidanar nf Rick Rignikant Pinnt Cnnficurstinns

The licensee should t'1o provide reasonable assurance that risk-significant plant equipment outage

configurations will not occur when specific plant equipment is out of service consistent with the proposed
TS modification. An effective way to perform such an assessment is to evaluate systems and/or

M-gnents according to their contribution to plant risk (or safety) while the plant is in a limiting condition
for operation (140) for equipment AOT. Once system equipment is so evaluated, an aurament can be
made as to whether certain enhancements to the TS, or procedures, are needed to avoid risk-significant

plant configurations. In addition, compensatory actions which can mitigate any corresponding increase in
risk (e.g., backup equipment, insesed surveillance frequency, or upgrading procedures and training)
should be identi6ed and evaluated. Any changes made to the plant design or operating procedures as a
result of such a risk evaluation (required backup equipment, increased surveillance frequency, or upgraded

procedures and training required before certain plant system configurations can be entered) should be
incorporated into the analyses utihzed for TS modifications as described under " Tier 1" above.

L

!

'ICCDP = [(conditional CDF with the subject equipment out of service) - (baseline CDF with nominal
e-taA equipment unavailabilities)] X (duration of single AOT under consideration).

,
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Tier 1. Eticle.infar,naA Plant FanAmwntinn Innerni enA Manmoement

In ibe third tier, the licensee focuses on programs that ensure that :he risk impact of out-of-service

equipment is appropriately evaluated prior to performmg any maintenance activity. A viable program
would be one that is able to uncover risk-significant plant equipment outage configurations as they evolve

-

during real-time, normal plant operation. This can be accomplished by quantitatively evaluating the impact

on plant risk of equipment unavailability, operational activities like testing or load AMnehin , or weather
conditions. The need for this third aer stems from the difficulty ofidentifying all possible risk-significant

configurations under Tier 2. Tier 2 programs typically result in a table or set of tables that assume wrtain
systems are unavailable, and specify other systems that cannot be out of service under the n-mad
conditions. This third tier is needed because of the difficulty of providmg a set of tables under Tier 2 that

cover all plant configurations that will ever be encountered over extended periods of plant operation.

Sections 4.3.1 through 4.3.7 and Appendix A discuss various issues related to the three-tiered approach

described above. In general, Sections 4.3.2 through 4.3.5 and Appendix A outline issues associated with
Tier 1, and Sections 4.3.6 and 4.3.7 outline issues associated with Tiers 2 'and 3, respectively.

..

There may be situations where a non-quantitative assessment of risk (either alone or accompanied by
quantitative n=arament) is sufficient to justify TS changes. 'Ihe licensee is expected to use its judgment of

the acceptability (to support regulatory decisionmaking) of the risk argument being considered, including

the appropriate blend of quantitative and qualitative assessments.

4.3.1 Quality of the PRA

The quality of the PRA must be compatible with the safety implications of the TS change being rem *"aA

'Ihat is, the more the potential change in risk and/or the greater the uncertainty in that risk due to the
r==ead TS change, the more rigor that must go into ensuring the quality of the PRA. 'Ibe licensee

should ensure that the quality of the PRA is compatible with its intended use. DG-1061 provides guidance

regarding the expected quality of PRAs for risk-informed regulatory applications, including TS. With.
regard to TS in particular, it should be noted that some licence *= may elect to use the PRA underlying their

individual plant enmination (IPE) to analyze the risk impact associated with requested TS changes. The
NRC staff's review of the IPE submittal alone does not suffice as an adequate review for TS applications.

4.3.2 Scope of the PRA for TS Change Evaluations

lhe scope and the level of PRA necessary to support the evaluation of a TS change depend on the type of

'I3 change being sought. To define the needed scope, a full-power, internal-event PRA is first considered,

and other aspects (e.g., operating modes, types of events, level 2) are added as needed.

'Ibe level of PRA that should be conducted depends on the type of TS change involved. Minimally, for

systems used to prevent core damage (i.e., most of the TS systems modeled in a PRA other than the

cantninment systems), level 1 evaluations should be performed. For containment systems, level 2
evaluations are likely to be needed at least to the point of assessing containment structural performance.

DG 1065 4-6 March 13,19!



-. - _ .- . .- . .--- _

c.

DRA FT FOR COMMENT

F=: .g Evahvuon

When only a Level 1 PRA is available but additional level 2 information is desirable, one acceptable
method for approximating the needed information is defined in DG-1061, Appendix B.

For modifications to TS requirements defmed for the power operation mode, full-power internal-event

PRAs, for which the scope includes internal fires and floodmg, should be used. When modifications to '

requirements for systems needed for decay heat removal are considered, then an zw" ment of shutdown
risk should also be considered. Examples of such systems are auxiliary feedwater, residual heat removal, ,

emergency diesel generator, and service water. Also, when AOTs are being modified to facilitate online
maintenance (that is, transferring scheduled preventive mamtenance (PM) from shutdown to power

operation), the impact on the shutdown modes should also be evaluated. Using both power operation and
shutdown models, a comparative evaluation may be presented to decide the appropriate condition for

e hadnting maintenance based on risk evaluations.

When AOTs are being modified in anticipation of the need for additional time for corrective maintenance,
then an assessment of transition risk which could be incurred under the current, shorter AOT is also

destrable. Also, TS changes to requirements for a controlled shutdown (i.e., the4ime allocated to transit

through hot standby to hot shutdown to cold shutdown, or to the final state that should be reached) should
be evaluated using a model for the transition risk covering these periods.

4.3.3 PRA Modeling

4.3.3.1 Detail Needed for TS Changes

To evaluate a TS change, the specific systems or components involved should be modeled in the PRA. The
model should also be able to treat the alignments of components during periods when testing ard

maintenance are being carried out.

Typically, LCOs and surveillance requirements (SRs) relate to the system trains or components and are
modeled in the system fault trees of a PRA. System fault trees should be sufficiently detailed to specifically
include all the components for which surveillance tests and maintenance are performed and are to be

evaluated.

For AOT evaluations, system train-level models are adequate as long as all components belonging to*

the train are clearly identiSed (i.e., the failure of all those components that cause the train to fail). In

using train-level models, common-cause contributions must be adequately treated.

For evaluating STIs, individual component-level models are necessary.*

Since, typically, PRAs are done at the component level, they are directly used to analyze both AOTs and

STIs.

4-7 DG-1065
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Ca=:==* unavailability models should include significant contributions from random failure, common-
"

cause failure (CCF), test downtime, and maintenance downtime.

The component unavailmhitity model for test downtime and maintenance downtime should be based on*
,

a realistic estimate of e=esad surveillance and maintenance practices after the TS change is I
,

approved and implememed, e.g., how often the AOT is expected to be entered for preplanned

maintenance or surveillance.
'

The m_3-= ^ unavailability model for test downtime and maintenance downtime should also be*
;

based on plant-specific and industry-wide operating expenence.

l
The w-yersat unavailability model for test downtime and maintenance downtime should be! *

i developed with consideration for an appropriate balance between prevention of failures of the subject

system or component through maintenance and minimizing unavailability of the system or component-

| due to tesung or maintenance. |
J

*

( l

1he component unavailability model should have the flexibility to separate contributions from test and j! *

maintenance downtime. For evaluating an AOT, the contribution from maintenance downtime can be.:

|
equated to zero to delete it. For an STI evaluation, the contribution from test downtime determines a

~

contribution to risk from carrying out the test.r

i-
Additional details in terms of separating the failure rate contributions into cyclic demand-related and !| *

j standby time-related contributions can be incorporated, ifjustifiable, for evaluating surveillance
i requirements. I

!
lhe CCF contributions should be modeled so that they can be modified to reflect the condition in which

,

j one or more of the components is unavailable. It should be noted, however, that CCF modeling of~ ~ - -
,

| components is not only dependent on the number of remaining in-service components, but is also |

| dependent on the reason components were removed from service, i.e., whether for preventive or
corrective maintenance. For appropriate configuration risk management and control, preventive and

| corrective maintenance activities need to be considered. Tier 3 PRA models should, therefore, have the

| ability to address the subtle difference that exists between maintenance activities,
i
*

j_ To account for the effects of test placements for redundant co-& rents in relation to each other (e.g.,

staggered or sequential test strategy), time-dependent models and additional evaluations using specininedi

i codes may be needed. Time-dependent evaluations can be made using system fault-tree models to decide .

j on the test strategy for the redundant components in the system. The corresponding system unavailability

f can be used to determine the core damage frequency. '

1

4 If the PRA does not model the system for which the TS change is being requested, then certain limits

should apply for reques:ing changes to the TS for these systems. Examples of these situations are given

i below:
i
a

[ DG-1065 4-8 March 13,1997
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(1) hn a system is modeled in the event tree, but a detailed fault tree model is not provided (direct
esumate of system unavailability from experience data or expert judgment is used), then the TS
evaluation can proceed in one of two ways:

(a) a separate fault tree can be developed for the system for TS evaluation and used to complement the
existing PRA model without directly modifying the PRA, or

(b) a h== ding evaluation can be conducted based on impact of system failures that are modeled in the
PRA event trees; that is, failure of any component in the system can be e===A o cause systemt

failure.

(2) When a separate fault tree is developed, then specific TS requirements within the system can be
changed, and changes in the system unavailability can be measured which can then be used in the PRA
model to obtain the corresponding level 1 and Level 2/3 measures, as appropriate. Such evaluations j

can be considered similarly as those evaluations made directly using PRA models, but should satisfy |

the following conditions:
~

(a) failures within the system should not affect any other system / component failure;
!

*

(b) the effect of system failure should not influence any initiating event frequency (or it should have a

minimal / negligible effect); or

(c) the system should not share components with another system.

(3) When b=ading evaluations are performed assuming any failure in the system as a system failure, then

|
the calculated risk impacts for TS changes are expected to be overestimated. The corresponding

,

changes that may be acceptable will also be fewer than those that could have been justified using a
detailed model. When considering the incorporation of non-PRA factors, this perspective should be

kept, while at the same time considering the lack of a detailed model. Here also, the above three
conditions d!=mecaA for the previous case apply.

(4) When a TS change is being considered for a system in which some of the components in the system
have been modeled as part of other system components, but detailed system modeling wss not done

(such systems are not expected to be modeled in the event tree), the risk impact of the TS changes can
then be evaluated on the basis of this limited modeling. The risk impact of the TS changes can be

underesumated for the following reasons:

(a) additional components may be affected by the failure of the components, and that failure may not
have been considered; or

.

(b) CCF of raAnadant components may not have been considered.

4-9 DG-1065
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Usually, the most risk-important components have been modeled and other components in the system

are the same or lower in the risk-importance ranking. When mahng judgments on the TS

requirements for the M+-i-:== in the system based on another component that has been modeled, an

evaluation should be performed to ensure that the impact of its failure is not greater than the
component which is being used as its surrogate. 1

In these cases, since the risk-idv med evaluation will be limited, and as dM =>A, some3

overesumadon of the risk may have been incorporated, then non-risk related, engineering

considerations gain is.pvii. ,ce in the overall decision. In such cases, arguments for the change also

must be for very small increments from current requirements.

4.3.3.2 Modeling of Initiating Events

Some initiating events resulting from support system failure (e.g., service water, cva.yanent cooling
water, instrument air) are modeled explicitly in the logic model, i.e., fault tree models are developed in

the PRA. Any TS change for these systems will affect the corresponding initiating event frequency as well

as the system unavailability. The effect of TS changes on these initiating event fr_equencies should be

considered.

Some test and maintenance activities can contribute to some transients. Initiatint,-event frequencies used in

the PRA do not separate out this contribution. Such a separation may be needed during TS change
evaluations. For example, the effect of test-caused transients may be evaluated in deciding an ST1.

Initiating-event frequencies from conduct of the test (i.e., test-caused transients) are modeled separately to:

'. evaluate the risk contribution from test-caused transients. Data needs for estimating initiating event

| frequencies from test-caused transients are discussed in section A.2 of the appendix. 1

1

!

4.3.3.3 Screening Criteria |
!,

The main qualitative consideration regarding the screening of sequences in TS change evaluations is the

! inclusion of sequences directly affected by the TS change that would have been truncated by frequency-

i- based screening alone. For example, if the TS change involves accumulators in a pressurized-water
;

}
reactor (PWR), qualitative considerations imply that sequences that contain the accumulators should be

i included, even if these sequences do not meet the frequency criteria. Excluding these sequences would
: result in an underestimate of the risk impact of the TS changes.
I

| j
,

I 4.3.3.4 Truncation Limits ,

a

i Truncation levels should be appropriately used to ensure that underesumation, due to truncation of cutsets,;
does not occur. Additional precautions, as discussed below, are needed to avoid truncation errors in

I calculating risk me==es.
;
1

j When failure or outage of a single component is considered, as in the case of an AOT or STI risk

j evaluation, the truncation levels in evaluating R and R, are of concern. [R, is the increased CDF, with thei
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component assumed to be inoperable (or equivalently the component unavailability set to "true"), and R is
the reduced CDF, with the component ===M to be operable (or equivalently, the component

;

unavailnMity set to " false")). If cutsets generated in the base case PRA are used to calculate R and R.,' i

then it first has to be ensured that the ungwnt in question appears in the cutsets being used. If the4

component in question appears in the cutsets near the truncation limit (e.g., all appearances are in cutsets
4

within a factor of 10 of the truncation limit), it may be necessary to reduce the truncation limit. If R isi

marginally larger than the base case value, then one order of additional cutsets should be generated to

ensure that any underestimation did not take place. Typically, a truncation level set below the base case
;

i CDF by an amount that wii.sponds to the basic event unavailability for the component in question can be

| considered adequate; that is, consider that a plant base case CDF of 104 and R is being calculated for a |i

| component whose unavailability is 10 '', then cutsets up to 10 * may be adequate. Cutsets should be j

regenerated for selected cases to ensure that the truncation level being used is adequate.
'

i

When risk from plant configurations involving multiple components is being considered, a cutset with a

relatively small frequency can become a significant contributor to the CDF. 'Ihis is because more than one
of the affected components may appear in the same minimal cutset, and if the availability of more than one

of these components is decreased by the TS change, this can cause a significant increase in the cutset's

frequency. For such cases, truncation levels have to be reduced by an amount corresponding to the
;

product of the unavailabilities of the components involved in the outage configuration, to ensure that the |

Ibase case's cutsets can be used.
i

4.3.4 Assurnptions in AOT and STI Evaluations

Using PRAs to evaluate TS changes requires consideration of a number of assumptions made within the
PRA which can have a significant influence on the ultimate acceptability of the proposed changes. Such

assumptions should be discussed in the submittal requesting the TS changes.

Assumptions that should be considered for AOT change evaluations can be summarized as follows:

(1) AOT risk evaluations are usually performed using the PRA for power operation (i.e.,to calculate the
risk associated with (a) the equipment being unavailable during power operation for the duration of the

AOT and (b) any change in the AOT). 'Ibe risk associated with shutting the plant down because of
AOT violations usually is not considered. In most cases, this risk is considered negligible, or such
consideration is ==nnM to further justify the requested change. For some situations (e.g., for residual

heat removal systems, service water systems, and auxiliary feedwater systems), comparative risk |

evaluations of continued power operation vs. plant shutdown should be considered. |

(2) When calculating the risk impacts (i.e., a change in CDF due to AOT changes), the change in average
CDF should be esumated using the mean outage times for the current and proposed AOTs. Usually,

data for outage times curiespond to the current AOT, but not to the proposed AOT Different
ammptions are made to esumate the outage time corresponding to the proposed AOT. Usually, the

ammption used implies that the same policy of repairing a failed component will remain in effect

4-11 DG-1065March 13,1997
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when the AOT extension is granted, as will the waiting period to start a repair, and the number of

mainen== peranmm1 engaged in a repair.

- (3) When the risk impact of an AOT' change is evaluated, the yearly risk impact that is calculated takes
' - into account the outage frequency. An AOT extension may imply that the maintenance of the

e---i = r is improved, which may reduce the 9:- r-vent's failure rate, and c==g=ntly, the
frequency of outages needed for hird degradations or failure. Again, there are no expenence

,

data for the extended AOT; therefore, the assumption should be made that both the frequency of outagei

for corrective mainenaw and the -ana==av failure rate remain the same. Here, the beneficials

aspect of ==inmna- is not spamifiwi and this may give a slightly higher estimate of the yearly AOTi'

risk measure for the proposed AOT.

(4) Often, AOT extensions are r~===*~i o facilitate on-line (or at-power) preventive mainenaw oft

afety-system e- r == Their frequency and duration may be estimated and the risk impact due to
'

-

the resulting unavailabdity of such equipment can be calculated.

(5) When AOTs of multiple safety system trains are extended, the likelihood of simultaneous outages of

i multiple wmpor=nts increases (resulting from combinations of failures, testing, and maintenances)
because the im.iswd duration increases the probability of the individual events which constitute the

simultaneous multiple outages; hence, overlapping of routinely scheduled acuvities and random failures

l=m=== more likely. 'Ibe impact of such occurrences on the average plant risk, e.g., CDF, is small,
but the conditional risk can be large. This issue is addressed as part of the implementation

considerations (see Sections 4.3.7 and 6.1).
,

Mmmptions that should be considered for STI evaluations can be summarind as follows:
.

(1) Surveillance tests usually are ==mai to detect failures that have occurred in the standby period. *Ibe'

e- i-eent failure rate A, in the formulation of e-np+ent unavailability, represents these failures. In
estimating the test-limited risk, it usually is assumed that a surveillance test of a component detects the
failures, and that after the test, the ====nt's unavailability resets to zero or " false" in the Boolean

expression. A few w-yormnt failures, dependmg on a component's design and the test performed,

may not be detected by a rounne surveillance test. Usually, their concibution to risk is considered

negligible.

.

(2) Regular surveillance testing of a component, as performed for safety-sysem components, is considered

to influence its performance. Generally, for timst components, the increase of a surveillance interval'

beyond a certain value may reduce the e =p-wint's performance (i.e., increase the failure rate).
Experience data are not available to assess the STI values beyond which the component failure rate A

I increases. In a risk-informed evaluation of surveillance requirements, the failure rate is ===~1 to

! remain the same (i.e., unaffected by a change in the test interval). This assumption implies that the

I STls are not being chaagul beyond the value where 1 may be affected. Care should be taken not to

j extend the STls beyond such values using risk-informed analyses only.

$ DG-1065
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(3) he tuning of surveillance tests for redundant components relative to each other (i.e., the test strategy

used) has an impact on the risk measures calculated. ' Staggered or sequential test strategies are

| commonly used. In most PRAs, no specific test strategy is modeled; tests are as=mM o be conductedt
~

14pa=4antly at specified intervals. Separate system-level time-dependent evaluations should be
camed out to evaluate the effect of different test strategies where it can impact the evaluation of the

change being considered.,

.

| (4) Notwith*=iit the beneficial aspects of testing to detect failures that occur in a standby period, a
! suimher of adverse effects may be associated with the test: downtime to conduct the test, errors of
'

restoration after the test, test-caused transients, and test-caused wear of the equipment. Downtime and
'

errors of restoration are usually modeled in a PRA, unless they are negligible. Test-caused transients

and wear of the equipment are applicable to a few tests, but they are not generally modeled separately.

4
in a PRA. However, they can be evaluated using PRA models supplemented with additional data and

i analysis. Methods are available to quantitatively address these aspects; however, qualitative arguments
! can also be presented to support the extension of a test interval. Where the adverse impact of tesung is

; considered significant, such cases should preferably be addressed quantitatively.

4.3.5 Sensitivity and Uncertainty Analyses Relating to Assuniptions in TS Change

|
Evaluations

! As in any risk-informed study, risk-informed analyses of TS changes can be affected by numerous
uncettainties regarding the assumptions ma le during the PRA model's development and application.

| Sensitivity analyses will be necessary to address tiie ;mportant assumptions in the submittal made with

! respect to TS change analyses. They should include:
i
!

impact of variation in repair / maintenance policy due to AOT changes (e.g., scheduling a PM of longer _.j =

] duration at power).

I
impact of variation in animed mean downtimes or frequencies.!

*

t

4

i effect of separating the cyclic demand vs. standby time-related contribution to the component's*

i. unavailability in deciding changes to an STI.
1

effect of details regarding how CCFs are niodeled in the PRA.*,

Sensitivity analyses performed previously for risk-informed TS changes have shown that the risk resulting
from TS AOT changes is relatively insensitive to uncertainties (compared to the effect on risk due to

,

uncertainties in animptions regarding plant design changes, er regarding significant changes to plant

operating procedures, for examples). Licensees are expected to justify any deviations from this

expectation. His is because the uncertainties associated with AOT changes tend to similarly affect the
base case (i.e., before the change) and the changed case (i.e., with the change in place). That is, the risks
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remit from =milar causes in both cases (i.e., no new initiating transients or subsequent failure nvviet are

likely to have been intradwwi by relatively minor AOT changes). AOT changes subject the plant to a - |

variation in it's exposure to the same type of risk, and the PRA model is able to predict, with relative '|

surety based on data from operating experience, how much that risk will change based on that changed

exposure. Similar results are e=M for STI changes.

'Ibe above argummt may be more difficult to justify in cases where the effects of multiple outages may

become signi6 cant during relatively large increases in AOTs or STis. In those cases, however, the Tier 2 |

and Tier 3 aspects af TS changes (i.e., configuration monitoring, risk predictions, and configuration ,

control based on the risk predictions) are e=M to be robust and will be rehed upon to control the |
|
;

resulting potential for significant risk inct eases.

4.3.6 Use of Compensatory Measu res in TS Change Evaluations

Cna=iant with the fundamental principle that changes to TS result in very small increases in the risk to the ;

: health and safety of the public (principle #4, as described in Section 2.4.2.1 of DG-1061), as pan of !

proposed TS change evaluations, certain compensatory measures (db=ad below) that halance the
calculated risk increase due to the changes may be considered. 'This consideration should be made in light

of the acceptance guidelines given in DG-1061. Also, note that these considerations may be part of Tier 2

or Tier 3 programs.
1

When the licensee wishes to reduce the risk increase resulting from a proposed change even though the

individual change is judged by the licensee to meet the "very small' guideline, the licensee might consider

takmg compensatory measures such as those suggested below. These compensatory measures can be

acceptable if they are proposed and evaluated as part of the overall application for the TS change.

However, compensatory measures should not be relied upon to compensate for weaknesses in plant design.

Compensatory measures included in the submittal for a TS change should be measures not already included
in the current licensing basis, but which would become part of the licensing basis if the TS change were

:

approved. Examples of compensatory mascnres are:

adding a test of a r~h= dant train before initiating a scheduled maintenance activity as part of an AOT*

extension
limiting simultaneo e testing and maintenance of r~iandant or diverse systems as part of an AOT*

extension

mcorporating a staggered test strategy as part of STI extension*

improving test and maintenance procedures to reduce test and maintenance related errors*

improvmg operating procedures and operator training to reduce the impact of human errors=

improvmg system designs, which reduces overall system unavailability and plant risk*

When compenatory measures are part of the TS change evaluation, then the risk impact of these measures
should be considered and presented, either quantitatively or qualitatively. When a quantitative evaluation is j

used, the total impact of these measures should be evaluated by co uparison to the "very small" guideline

(prmeiple #4, as described in Section 2.4.2.1 of DG-1061). This includes:

DG 1065 4-14 March 13,199'
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(1) evaluation of the proposed TS changes without the compensatory measures j

(2) evaluation of the proposed TS changes with the compensatory measures

(3) speci6c discussion of how each of the compensatory measures is credited in the PRA model or during

the evaluation process
e

4.3.7 Contemporaneous Configuration Control |

Cnaciment with the fimdamental principle that changes to TS result in very small increases in the risk to the

health and safety of the public (principle #4, as described in Section 2.4.2.1 of DG-1061), certain3

configuration controls need to be utilized. The need for the controls discussed in this section is described

at the begmning of Section 4.4 in the discussion regarding Tier 3.
a

Licensees should describe their capability to perform a contemporaneous assessment of the overall impact i

on safety of proposed plant configurations prior to performing and during performance of mainte nance
activities which remove equipment from service. Licensees should explain how these tools or other

,

processes will be used to ensure that risk-significant plant configurations will no,t be entered and that-

appropriate actions will be taken when unforeseen events put the plant in a risk-significant configuration.:

The staff has determined that the Technical SpeciScations Administrative Controls section should describe |

the licerrsee's program for performing a real-time assessment as described above and that the Bases for TS j

|
for which an extended AOT is granted should reference this program description. The following items

' - should be addressed in such a configuration control program:

I a. The assessment applies prior to entering an LCO for pre-planned maintenance activities and while in an

LCO to perform either preventive or corrective maintenance activities.

b. The assessment is a risk-informed nue" ment using the current version of the licensee's PRA and

reflects the as-built, asg: rated plant.

c. The assessment looks at the real-time or contemporaneous plant configuration.

d. "Ibe purpose of the assessment is to assess the overall impact on plant risk and to take any actions

=~cc=ry to mmimie risk.

e. 'Ibe process for performing the assessment is documented in plant procedures.

f. The capability and validity of the real-time PRA configuration control process, if different from the

PRA used to nue" the AOT extensions.

g. Cnntninment (PRA Level 2) concerns and external events are considered.#

4-15 DG-1065
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Each submittal for a risk-informed TS AOT extension should contain appropriate changes to the -

Adminicative Control section which incorporate description of a program incorporating these items.

4.4 Acceptance Guidelines for TS Changes

'Ibe guidelines di==d in Sections 2.4.2.1 and 2.4.2.2 of DG-1061 are applicable to TS AOT and STI
change requests. Numerical acceptance guidelines are presented in those subsections as a function of the
result of the licensee's risk analysis in terms of total CDF predicted for the plant and the change in CDF

and LERF predicted for the TS change (s) r=_*M by the licensee. In addition, those sections discuss
cases where the scope of the licensee's PRA does not include a level 2 (containment performance)

analysis, and where, according to the guidelir c presented in this regulatory guide and in DG-1061, such

an analysis is needed. Application of those gn_idalir=< to individual proposals for TS modifications will be
,

t

done in a manner consistent with the fimdamental principle that changes to TS result in very small

i increases in the risk to the health and safety of the public (principle #4, as described in Section 2.4.2.1 of

DG-1061).

TS change evaluations may involve some very small increase in risk as quantified by PRA models.

Usually, it is argued that such a very small increase is offset by the many beneficial effects of the change
that are not modeled by the PRA. 'Ihe role of numerical guidelines is to ensure that the increase in risk is

very small, and to provide a quantitative basis for the risk increase based on aspects of the TS change that

are modeled or quantified.

The numerical guidelines used to decide an acceptable TS change are taken into account along with other

traditional considerations, operating experience, lessons learned from previous changes, and practical
considerations associated with test and maintenance practices. The final acceptability of the proposed

change should be based on all of these considerations and not solely on the use of PRA-informed results

compared to numerical acceptance guidelines.

l

As dim _=d previously, the numerical guidelines are used to ensure that any increase in risk is within

acceptable limits; traditional considerations are used to ensure that the change satisfies rules and

! regulations which are in effect; practical considerations judge the acceptability of implementing the !

change; and lessons learned from past experience ensure that mistakes are not repeated.

Using the risk measures d_i=2=ad in this regulatory guide, the increase in risk should be calculated for the |

TS changes and compared against the numeric guidelines referenced above in this subsection. In

calculating the risk impact of the changed case, additional changes to be implemented as part of the change

can be credited. For example, in seeking an STI change, if the test strategy is also to be changed, the

effect of this should also be incorporated in the risk evaluation. ,

'

However, it should be noted that this TS-specific regulatory guide, as well as DG-1061, are applicable

only to permanent (as opposed to temporary, or 'one time") changes to TS requirements. TS AOT
changes are permanent changes, but, because AOTs are entered infrequently and are temporary by their

90-1065 4-16 March 13,197
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very nature, the following TS-specific acceptance guidelines are provided in addition to those given in DG-

1061. Thatis:

1. De licensee has demonstrated that the TS AOT modification has only a very small quantitative

impact on plant risk. An ICCDP of less than 5.0E-7 is considered very small for a single TS-AOT
modification. An ICLERP of 5.0E-8 or less is also considered very small. Also, the ICCDP
contribution should be distributed in time such that any increase in the associated instantaneous risk

is very small and within the normal operating background (risk fluctuations) of the plant (Tier 1). |

2. The licensee has demonstrated that there are appropriate restrictions on dominant risk-significant !

|,

configurations associated with the modification (Tier 2).
'

3. De licensee has implemented a risk-informed plant configuration control program. De licensee ,

has implemented procedures to utilize, maintain, and control such a program (Tier 3). |

4.5 Comparison of Risk of Available Alternatives "
,

!

In some cases, in support of a TS modification, available alternatives are compa, red to justify the TS

change. For changes in TS AOTs, such cases primarily involve comparing the risk of shutting down with
the risk of continumg power operation, given that the plant is not meeting one or more TS LCOs. Such

comparisons can be used to justify that the increase in at-power risk associated with the TS change is offset
by the averting of some transition or shutdown risk.

In the case of an STI change, the beneficial and adverse impacts can be similarly compared. The modified

STI should be chosen so that the benefit of testing is at least equal to, or greater than, the adverse effects ]
I

of tesung. For example, if the calibration of relays in the reactor protection system causes plant transients,
the risk from the test-caused transients is then estimated and compared with the test-limited risk of an

extended STI.

In using such guidelines, the following considerations apply:

(1) The uncertainty associated with the two measures being compared can differ, and should be considered
in deciding on an acceptable change .

(2) When the risk measures associated with all alternatives are unacceptably large, ways to reduce the risk
should be explored, instead of only extending the TS requirement. That is, a large risk from one of the
alternatives should not be the justification for TS relaxation without giving appropriate attention to ri:,k-

reduction options. If the risk from test-caused transients is large, attention may then be given to

exploring changes in test procedures to reduce such risk, rather than only extending the test interval.
However, a combination of the two also may be appropriate.'

4-17 DG.106'
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4.6 Cumulative Effect of TS Changes
:

i *Ibe cumulative impact of the proposed TS changes should be calculated and presented, in addition to the

indivulual impacts. The total, cumuladve impact is estimated using the average value of the risk ===res.
'Ibe conditional measures, i.e., CDP and LERP, do not directly apply in evaluating the total impact from

: multiple changes. As di-d earlier, conditional measures are used in deciding changes to individual

! requirements.
;

) In presenting the cumulative risk impact, the base case PRA model should be used consistently. It should

not contain any of the proposed changes, but should reflect any other recent changes to the plant. 'Ibe ,4

same model used for evaluating the individual changes should be used for assessing cumulative impact. |

Plant practices proposed for implementation as part of the TS changes should not be credited in the base
'

case.

t

Previously approved TS changes also should be discussed as part of the cumulative impact evaluation.

When the base case PRA model has been updated incorporating the previously approved TS changes, then i

it should be so stated. If the base case does not include previously approved changes, they should then be

included as part of the cumulative impact evaluation of the proposed changes.

.

!

!

~

.
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.

J
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4

DG-1065 4-18 March 13,1997 |

1

l
- . , ,



-

. . .

|
.

| DRAFT FOR COMMENT

|

l

5. ELEMENT 3: DEVELOPIMPLEMENTATION AND
MONITORING PROGRAM !

5.1 Three-Tiered Implementation Approach

As described in Section 4.3, the staff expects licensee to use a three-tiered approach in evaluating the risk

associated with proposed TS changes. Application of the three-tiered approach is in keeping with the ,

I
fundamental principle that performance-based implementation and monitoring strategies be employed to
account for uncertainties in analysis models and data (principle #5). Because of such uncertainties, these

methods are used to avoid, or severely limit, the time durations during which plant operation is allowed

with high-risk configurations of plant equipment (i.e., with excessive unavailability of critical safety

equipment).

'

5.2 Maintenance Rule Control

In order to ensure that extension of a TS AOT or STI does not degrade operational safety over time, the

licensee should ensure performance monitoring mechanisms are in place to identify negative trends in

availability or reliability of equipment impacted by TS changes. As part ofimplementing the maintenance
rule (10 CFR 50.65), each licensee will likely have developed target goals for the majority of TS

equipment, which could provide such a performance monitoring mechanism. Tae effect of TS changes
should be considered if any adverse trends in meeting established goals are identified through

implementation of the maintenance tule. If the licensee concludes that the performance or condition of a

._ _
TS system or component affected by a TS change does not meet established goals, appropriate corrective
action shall be taken to reverse the trend, in accordance with the maintenance rule. Such corrective action

may include submittal of another TS change to shorten the revised AOT or STI, if the licensee determines

this is an important factor in reversing the negative trend.

.

|

!
!
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6. ELEMENT 4: SUBMIT PROPOSED CHANGE

'Ibe evaluations performed to justify the proposed TS changes should be documented and included in the

license amendment request submittal. Regulatory Guide DG-1061 provides guidance on acceptable

documentation and submittal materials to support risk-informed decisionmaking. Specifically,

documentation to support risk-informed TS change requests should include:

(1) A description of the TS changes being proposed and the reasons for seeking the char 5,

(2) A description of the process used to arrive at the proposed changes,

(3) Traditional engineering evaluations performed,

(4) Changes made to the PRA for use in the TS change evaluation,
' .-

(5) Review of the applicability and quality of the PRA models for TS evaluations,

(6) Discussion of the risk measures used in evaluating the changes,
'

(7) Data additional to the plant's PRA database developed and used,

(8) Summary of the risk measures calculated including intermediate results,

(9) Sensitivity and uncertainty analyses performed,

(10) Summary of the risk impacts of the proposed changes and any compensating actions proposed

(11) A tabulation of equipment outage configurations that could threaten the integrity ofimportant safety
'

functions and that are prohibited by TS or plant procedures (Tier 2).

(12) A description of the capability to perform a contemporaneous assessment of the overall impact on
safety of proposed plant configurations including an explanation of how these tools will be used to,

ensure that risk-significant plant configurations will not be entered and that appropriate actions will

; be taken when unforeseen events put the plant in a risk-significant configuration (Tier 3).

(13) A marked up copy of the relevant TS and Bases. The level of detail provided in the TS Bases
chould include adequate information to provide the technical basis for the revised AOT or STI.

(14) All other documentation required to be submitted with a license amendment request.

March 13,1997 6-1 DG-1065
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A. APPENDIX A - OTHER CONSIDERATIONS AND DATA
NEEDS IN TS CHANGE RISK EVALUATIONS

A.1 Other Considerations in TS Change Risk Evaluations i

A.I.1 Risk Measures for TS Changes to AOTs and STIs

in this section, a list of the risk-informed measures used in AOT and STI evaluations is presented. A more
detailed discussion of these measures can be found in NUREG/CR-6141, " Handbook of Methods for Risk-

Based Analyses of Technical Specifications."

The measures applicable for AOT evaluations are:
.

conditional risk given the LCO*

single-event AOT risk*

*

yearly AOT risk=

1

When comparing the risk of shutting down with the risk of continuing power operation for a given LCO,

the applicable measures are:

risk of continued power operation for a given downtime,*

mmilar to single-event AOT risk
risk of shutting down for the same downtime I-

1

The measures applicable for STI evaluations are:

test-limited risk*

testaused risk.

Sirmlar to the AOT evaluations, the risk contributions associated with preventive maintenance (PM) are:

single PM risk*

yearly PM risk*

March 13,1997 A-1 DG-lRi5
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I*Ihe risk associated with simultaneous outages of multiple components, called ecnfiguration risk, is

calculated as part of AOT ch-as The three-tier approach dieme=A at the beginning of this Section 4
includes calculations of risks associated with multiple components that may be taken down together. The

applicable mem=res are mmilar to the AOT memmres stated above:

conditional risk (e.g., CDF) caused by the configuration*

increase in risk, [e.g., CDP (obtained by multiplying the increase in CDF by the duration of the I*
'

configuration for the occurrence of a given configuration)].
.

A.1.2 Measures for Multiple TS Changes

When mul'iple TS changes are being considered, then the combined impact of the changes should be
considered, in addition to the individual impacts. The considerations relating to the calculation of total
impacts are diemcc A hert.- |

|

A.1.2.1 Measures That Can Be Combined for Multiple TS Changes
,

When considering risk contributions from several AOTs, the risk measures can be combined according to

the following guidelines:

The single-event AOT risks from several AOTs do not generally interact nor do they accumulate to give a

total contribution because the single AOT risks are conditional risks per event, ard the downtime events

for the different AOTs are different events. The only time that single event AOT risks need to be
simultaneously considered is when multiple components can be down at the same time, constituting the
same event. Such a case is referred to as " downed configuration," or simply a " configuration." 'Ibe risk
contribution associated with a configuration is referred to as the configuration risk, and is evaluated

separately as a multiple component downtime. Conducting maintenance on several components is a

principal cause of potentially high configuration risks.

Yearly AOT risk contributions from several AOTs can interact and need to be accumulated to give the

total yearly contribution from all the AOTs being considered. When the AOTs do not interact, that is,
when the downed components are not in the same minimal cutset, the yearly AOT risk contribution from
several AOTs is then the sum of the individual yearly AOT risk contributions. When the AOTs do
interact, that is, when two or more of the downed components are in the same minimal cutset, interaction

of the AOT risk contributions then needs to be considered.

When calculating the test-limited risk for changes in multiple STIs, the total test-limited risk then needs to

be properly evaluated. Simple addition ofic3ividual test-limited risks will not provide the combined test-
limited risk. In a simple addition, the total test-limited risk contribution is underestimated because te

interacting terms are neglected.
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A.1.2.2 Total Impact of Multiple Changes

When multiple changes are requested, the total collective risk impact from all the changes then needs to be

evaluated. For example, for a group of AOT and STI changes, this includes the total impact of all the

r-oed:

AOT changes*

STI changes*

AOT and STI changes*

If multiple changes are made, the impact of each change is nwmd individually, then as a check, the plant

PRA should be used to quantify the total impact.

A.I.3 Quantification of Risk Measures

.6

A.1.3.1 Alternative Ways of Calculating TS Change Risk Measures

In calculating the measures discussed for evaluating TS changes, two specific risk levels are discussed,

which need to be quantified using a PRA. Focusing on the CDF level, they are: R , the increased risk ,

3

level (e.g., CDF) with the component assumed down or equivalent component unavailability set to "tme," |
and R., the reduced CDF with the component assumed up; that is, the component unavailability is set to )
false.* |

1
'

11eine PR A Tn Obtain AOT PM nnd rnnfigiventinn Ride Enntrihiitinne

R can be calculated by setting the component-down event to a true state in the PRA. Similarly, R, can be

calculated by setting the component-down event to a false state in the PRA. The component-down event in
the PRA is the event describing that the component is down for repair or maintenance. If the component-

down event is included in the existing minimal cutsets, then these minimal cutsets can be used to determine

R and R, provided the minimal cutsets sufficiently cover the contribution of the down event. The existing
3

minimal cutsets are sufficient if those containing the down event are not all near the truncation limit (i.e.,
are not all within a factor of 10 of the truncation limit). Alternatively, the minimal cutsets are sufficient if

those containing the down event have a non-negligible contribution (i.e., have a contribution greater than

or equal to 1%). If the existmg minimal cutsets are sufficient, tlien the increased risk level R can bei

determined by setting the component-down unavailability to I and deleting larger minimal cutsets that
comain smaller nummal cutsets (i.e., are absorbed by the smaller minimal cutsets). If there are any

mimmal cutsets containmg complementary events, they also need to be removed if they are inconsistent

with the component being down. The reduced risk level R, can be determined analogously by setting the

down unavailability to zero.
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;

If the manaaaat<iown event is not containad in the existmg minimal cutsets, or if there is a question on i

the coverage of the existing minimal cutsets, the minimal cutsets will then need to be regenerated. R is

dearmined by setting the down-component event in the PRA models to a true state. 'Ibe truncation limit
of the minimmi cutset can be reduced by at least a factor of 10 to give added assurance of sufficient

coverage. 'Ibe minimal cutsets which are genermed =36a-ntly can then be used to deternune R, by
semog the down unavailability at zero.

Contributions from CCFs need special attention when calculating the increased risk level Rs. If the

an=panent is down because of a failure, the common-cause contributions involving the F-- r =: need to
be divided by the probability of the es === being down due to failure since the (+;-: == is given tos
be down. If the component is down because it is being brought down for maintenance, the CCF
contributions involving the component then need to be modified to remove the component and to only

include failures of the remaining components (also see Section 4.3.1).

If other components are reconfigured while the component is down, these reconfigurations can then be

incorporated in esumating R or AR, using the PRA. If other components are tested before repair or if-

maintenans is carried out on the downed comi-wnts, the conduct of these tests and their outcomes also

can be modeled. If other components are more frequently tested when the component is down for the

; AOT, this increased frequency of testing also can be incorporated. These modeling details are sometimes

neglected in the PRA because of their apparently small contribution. However, when isolating the AOT
risk contributions and injustifying modified AOTs, these details can become significant.

Time nf PR A Minienn1 Futeetc When it le Annrnnrinte

As indicated, a PRA computes the yearly AOT risk contribution to the yearly core-damage frequency

(CDF). Basically, the yearly AOT risk contribution is the sum of the minimal cutset contributions

-inine the component-downed unavailability (typically, for maintenance) %,

g = fd

where fis the downtime frequency and d is the downtime associated with the AOT. The downtime d

usually is esumated as an average downtime associated with the AOT. If the minimal cutsets sufficiently
cover the downed unavailability, those which contain the downed unavailability q, can be summed to give

the yearly AOT risk contribution R .y

11eiae the PR A Tn neeennine the Teet.1IrniteA Diele ennerihntinn

>

'Ibe PRA can be used to calculate the increase in the risk level AR and to obtain the component

unavailability, q, the contributing factors in calculating the test-limited risk contribution. The -

considerations involved in calculating R and R, to obtain AR are those discussed abon and in the nexti

section.
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When the effect of change in STI for one or more M-5-x+nts is being evJuated, the PRA can be directly
used to calculate the change in the risk measure, (e.g., in the CDF). The calculation of PRA results where

changed STIs are included ir-pretes interactions among the STis. The differences between the results
(i.e., CDF when the STIs are changed from the baseline CDF) provides the test-limited risk contribution ,

' for akanaing the STIs.

In such a calculation, the contributions of CCFs need to be appropriately modified. De common failure

terms modeled as a function of the test interval should be modified to reflect the new STI. Typically, ,

CCFs are modeled using a S-factor or Multiple Greek I.atter model where the CCF of multiple

components is a function of the STI. When changing STIs, care should be taken to change this term within
the common cause contribution. The common cause of failing multiple components resulting from human

error following a test is not a function of the STI, but may be affected by the test strategy used.i

When different test strategies are being evaluated, the human error term needs to be evaluated. Specific

==mptions that were used in quantifying the human error common-cause term,should be identified and
|.

checked if they apply for the test strategy being analyzed. For example, if the term was developed

assuming a sequential test strategy, but a staggered test strategy is being analyzed, the term then needs to
be modified to reflect this change. The failure probability from a common-cause human error for a

staggered test strategy is expected to be significantly lower than that for the sequential test strategy.
*

!

Ticino Minimm1 ruteere Tn rniculate Tect.1 imiteA Ricke

ne test-limited risk for a component or a set of components also can be determined by identifying those

minimal cutsets which contain one or more of the STI contributions. The sum of the relevant minimal
cutset contributions is then equal to the test-limited risk. To evaluate changes in the test-limited risks for

changes in the STIs, the difference between the minimal cutset contributions with and without the STI

changes will be the difference between the test-limited risks. In using the minimal cutsets, one should
ensure that the STI contributions are all included in the set of minimal cutsets used. Even though use of

: the mmimal cutsets gives the same results, the above basic formulas for the test limited risks are useful,

since they show the basic contributing factors to the STI risk.

! hacific rnneiderstinne for hninnting Mnitinle Tect 1 imit A Ricke

'

When multiple STIs are modified or are defined, the total test-limited risk from the multiple STI changes
or definitions naads to be properly evaluated. Instead of using the PRA to evaluate all the modifications in

a given run, the individual test-limited risks can be evaluated one at a time, provided that the updated STIs
are used for the other relevant +5-yents. An iterative procedure can then be used in which individual

STIs are successively updated, using the formulas given above for individual component STI risk
contributors. Dese one-at-a-time evaluations, or * iterative" evaluations, are useful if acceptable

guidelines on test-limited risks are defined, and the STIs are to be selected to satisfy the risk guidelines.

i
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A.1.3.2 Appropriate Calculation of Conditional CDF

rnn&tinnel EnF fnr Fnih,re nf n Onmnnnent
: -

|

To calculate the conditional CDF when a component is failed (typically represented by R in this
3

document), the component unavailability is changed to the "true" or "T" state. However, the component
unavailability may be modeled in terms of many contributors: random failure, maintenance downtime, test
downtime, and CCF. The CCFierm represents the failure probability of two or more radundant

ci q-:=4 which include the failed component in question. The CCF term is modeled as a pro (uct of
multiple terms (e.g., using the p-factor model for two redundant components, the CCF term is times the

comrment unavailability from random failures), but may be represented by one parameter.

Consider a component Q in Train A of a safety system, letting QLA, QMA, and QTA represent the
component's unavailability from random failures, maintenance downtimes, and test-downtimes,

respectively. Also, let QC(=p.QL) be the term for CCF of the redundant components in Trains A and B,

where QL is numerically equal to QLA and represents QLA or QLB. QLB is t[ie unavailability of a
component in Train B from random failure. Usually, the terms QLA, QMA, QTA, and QC will be part
of the PRA input data.

To calculate the conditional CDF given that the component is failed, the component unavailability should
be represented by the "T" state. This means that QLA, QMA, and QTA should be changed to the "T*

state and QC should be divided by QLA since the component is down because of failure. In principle,
chnnring one of the three conditions (QLA, QMA, QTA) to the "T" state should suffice. However, in

many cases, truncated cutsets are used to calculate the conditional CDF, and changing all three will ensure

that the failed state of the component is represented. For this example, QC will be changed to p, which

represents the conditional failure probability of the redundant component. When QC represents the failure
.

of more than two components, QC will be converted to the failure probability of the remaining
components, in this case, two components.

|

rnnditinnn1 FDF When n Enmnnnent ic nnwn (hnt Nnt FniledT fnr PM

To calculate the conditional CDP when a component is taken down for PM (R for PM analyses), the CCFi

term needs to be treated differently from that described above for the failure of the component.

Considering the same example as above, tiv; down state of the component is represented by changing

QLA, QMA, and QTA to "T" and by changing QC to QL, which is numerically the same as QLB or
QLA. ' Die CCF term is et:Lgcd to represent the unavailability of the remaining component and not ,

! since the initial component is already down for PM and is not down due to failure. If the redundant

component is successfully tested before taking the component down for PM, QC can then be equated to

| zero for a short-duration PM (i.e., when the duration of the PM is much less than the test interval).

i

!
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rnnAi innn1 rnF When the_rc.m[c.rer.; ic Nnt nnwn fnr Mnintennnne nr Ic Teeted Onernhle

i %e conditional CDF is reduced when the component is not down for maintenance or when it has just

=we== fully been teseed. -he calculation of AOT and STI risk contributions involve calculating this,

'

conditional CDF (R,). For evaluating the AOT risk contribution, R, signifies that the component is not
down for test or maintenance, and this condition is represented by setting test and maintenance downtime

unavailabilities to the " false" or "F" state. In this example, QMA and QTA should be changed to the "F"
l state. For STI evaluations, R signifies that the component is up, which is known from the test and is

represented by setting its unavailability to " false." In this example, QLA, QMA, and QTA should be

changed to the "F" state. In many cases, the reduction in CDF from the baseline CDF is negligible. ;

rnnAltinnnl rnF When Mnitinle C,.. .j.sesa Are InvniveA

To calculate conditional CDFs (R and R,) when multiple components are involved, the correepnnding3

terms relating to each of the components should be changed to the "T" or "F" state. For each component,
the correspondmg terms relating to random failures, CCFs, test downtimes, and' maintenance downtimes

should be converted, as discura above. When all the components modeled by a common-cause term are
failed, this term changes to the "T" state for calculating Rs. Otherwise, it is modeled as dicamed above,

representing the unavailability of the remaining components. In many PRA computer codes, the CCF l
term does not retain the specific component designator (for example, a unique notation identifying the I

specific component involved may not be part of the name of the CCF term), and the relevant term cannot

directly be identified by searching 6.e names of the input parameters of the PRA. The description of the

CCF terms modeled in the PRA may need to be examined to identify the relevant term or the input
parameter.

. .

A.1.3.3 Treatment of CCF and Recovery Factors

De treatment of CCF in estimating the conditional CDF for AOT and STI evaluations was dim!"eA
carlier. Agnopriate considerations in modifying CCF terms modeled in the PRA (to include the effect of
a component beir.g unavailable because of failure, maintenance, or testing and for implementing a
staggered test strategy) have been discussed. In addition, since the CCF contributions can be a domin .at

contributor, sensitivity analyses with respect to these parameters are suggested in Section 4.5. Recovery

factors used in the PRA model may need to be reviewed to learn if the component assumed to be down

because of failure is credited to be recovered. For example, consider that a TS change for an emergency
'

diesel generator (EDG) is being evaluated, and conditional CDF for the EDG being down is being

calculated. %en, if the cutsets used to calculate the conditional CDF take credit for the same EDG being
recovered, such recovery factors should be modified. In such cases, no credit should be taken.

!
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A.I.3.4 calculatiaris of Transition Risk

Transition risk is calculated to compare the risk of cand=dag operation in a given LCO to that of a
transition to plant shutdown. Such cnmpanions can be used to decide which option is preferable and which

j other alternatives may be used. Such evaluations particularly apply for systems used to remove decay
heat. The following considerations apply in calculating transition risk:

(1) Various stages of the shutdown cooling phases and the operator's interactions, should be modeled to
| assess the impact on the CDF of diutting down the plant in a LCO.

(2) Any initiating event not modeled in the basic PRA, but important during the shutdown phases, should

be modeled. Specific examples are those evens that challenge the residual heat removal (RHR) system

| and that can render part ofit unavailable. Als), the frequency of initiating events during the transition

( to shutdown may have to be remwwA, since it may differ from that during power operation (e.g.,
more frequent loss of offsite power or loss of main feedwater during the transition to shutdown).

'

(3) Different recovery paths applicable at various stages of shutdown should he modeled to realistically
quantify the risk of shutting down, considering the diminishing levels of decay heat.

.

(4) Available time margins for uncovering the reactor core and heating up the suppression pool [in a
boiling water reactor (BWR)) or drying out the steam generator [in a PWR] need to be modeled to
evaluate specific accident sequences.

A.2 Data Needs for TS Change Evaluations

A request for plant-specific TS changes should use plant-specific data and not rely solely on generic data or

data from similar plant designs. Usually, TS changes are requested because plant operation indicates that

such changes are needed and accordingly, plant-specific data are expected to be available. For the

components or systems for which TS changes are being considered, plant-specific data should be evaluated

rad assurance should be obtained that the data used are consistent with the plant experience. The use'of

other than plant-specific data should be justified.

When a generic analysis is being performed using a representative plant model, the use of generic data

from similar plants is acceptable. The generic data should bound the specific plants under consideration,

not an average plant.

A.2.1 Care in Using Plant-Specific Data

When plant-specific data are used to update input parameters of the PRA during a TS change evaluation
(additional to that used during the latest update of the PRA), care should be taken that such data are

consistently used both for the base case, where existing TS requirements apply, and the change case,

|
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where TS changes are hrorporated. This is done to ensure that the increase in the risk mamawe obtained
is due to the TS change only awl not to the use of plant-specific data in aspects of plant operation.

This sination typically anses when recent plant-specific data are evaluated and reduced values of the
parameters are obtained. Use of the reduced values may negate the risk increase from the TS change and
may give an erroneous impression that the TS change has reduced the risk. When the base case is also
updated, such difficulties are avoided. Sensitivity and uncertainty analyses should also be performed using ,

the same set ofinput data.

A.2.2 Considerations When Generic Data Are Used

When generic data are used for the TS parameters in evaluating TS changes, focus should be on justifying

very small changes which do not strongly depend on the data parameters. Reasons why generic data are

being used and why generic data apply for plant-specific evaluations should be presented. In many cases,
because oflimited experience, use of plant-specific data may result in very optimistic ulues justifying use

of generic data.

A.2.3 Specific Data Needs
!

,

l

Basic data needed for a PRA-informed TS change evaluation for risk-informed regulation are those!

entiertaA as part of the PRA. Comparative risk calculations for LCO changes require no additional data

beyond those in the Full-power Operations level 1 and the Low Power / Shutdown level 1 PRAs. The
additional data needs for evaluating changes in surveillance requirements (such as surveillance test

intervals (STI)) and allowable outage times (AOT) are die-A in this subsection.

A.2.3.1 Maintenance-Downtime Data

*Ibe mamtenance downtime data require partitioning it into plant-specific unplanned unavailability for

unehaduled m=mtenance and planned unavailability for preventive maintenance or testing. For this -

purpose, data are needed on the frequency of events leading to planned and unplanned maintenance, i.e.,

the number of occurrences of each type of downume event during a given time period, and the time

interval that the component was out of service for each occurrence. "Ihese data are also needed for

judging whether an adequate AOT is being provided to complete a repair. The distribution of downtimes ;

also can be used to esnmate the expected risk for a given AOT.

The distribution of time for unscheduled maintenance may shift when an AOT is being changed. For this

remen, information about such an influence on the distribution is not expected to be available when the

AOT modification is being evaluated. The average downtime can be aca>=eA o proportionally increase- t

with the incitase in the proposed AOT for downtimes associated with unscheduled maintenance. For

scheduled (preventive) maintenance, the downtime assumed can be representative of plant practices (e.g.,

one-half of the AOT). r
,

'

_
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A.2.3.2 Maintenance Schedules and Frequency

.

These data include the mai*=w scheduling used by the plant for defining the situations in which

multiple equipment or system trains may be taken down for PM. These schedules are important to ensure
that high risks from v r.;+ents being simultaneously down, implicitly allowed by the TS change, do not
occur.

,

he maie== frequency or frequency of downtime for a component may be from 3 to 10 times higher
-

than the failure frequency. Since AOTs can be used for mainteme, the frequency of mai*== should,

be iraspcasted in esumating the downtime frequency.
4

A.2.3.3 Data Relating to Component Testing

The following data related to component testing, in addition to those available as part of the PRA study,
i form part of a TS change evaluation relating to surveillance requirements:i

a list of the components being tested, any component realigned from the safety position during a test,
*

duration of the test, and the test frequency recommended by the manufacturer '

; the efficiency of the test (i.e., the failure modes detected by the test in regard to components, support
*

j system interfaces, and so forth). Bounding assumptions can be made if obtaining detailed data or

| related information is costly.
:

4
~

i
I

i
Any potential for negative effects of stzveillance testing (e.g., that may cause the potential for i

*

fatroducing plant transients, or that may cause unnecessary wear of the equipment) should be taken into,

| account by the analyses. Preliminary evaluations can be used to determine if a more detailed analysis. . _

I should be performed.
1

De test strategy used for the radawinnt components in a system (i.e., whether staggered or sequential+

.
testing is performed) should be stated. The standard PRA quantification assumes that components

| follow no specific ehedule and are randomly placed with regard to one another. By staggering the test
,

i times of components in different trains, the test-limited risk contribution will be reduced for the same I

STIs as compared to the PRA assumption. Conversely, if the tests are carried out sequentially, the4

: test-limited risk will increase snup red to the PRA assumptions.

; 4

A.2.3.4 Parameters for Component Unavailability

The component unavailabilities used in a PRA contain a number of parameters that are relevant for,

evaluating TS changer. These parameters should be delineated, as modeled, to facilitate evaluations to be

| conducted and reviewed by the regulatory authority. De following desirable parameters contributed to the
'

estimated component unavailability:

l
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component failure rate*

component test intervala

maintenance / repair downtime contribution (maintenance frequency, downtime for scheduled and*

unehulated maintenance)
test downume, if applicablea

human errors following test or maintenance, if modelede

separation of cyclic-demand vs. standby time contribution, if modeled*

A.2.3.5 Separating Demand and Standby Time Contributions to Unavailability

Since the test-limited risk (typically defined as Ro) is associated with a failure occurring between tests, the
failure rate that should be used in calculating the test-limited risk should be the standby time-related failure

rate, which is associated with what can occur while the component is in standby betweer. tests. Test-
limited risk contributes to increases in risk associated with longer test intervals due to the longer time to

detect standby-stress failures. The time-related failure rate is expressed in units per time period, such as

per hour. For esumating Ro, the data needed are the standby stress failure rate of the compsnent and the

proposed test interval.

The failure probability of a component consists of a time-related contribution (the standby time-related
failure rate), and a cyclic, demand-related contribution (the demand stress failure probability). De latter

is the probability contribution associated with failures which are caused by demanding, starting, or cycling

the component, which include (but are not necessarily limited to) test-caused transients as discussed below
in subsection 5.4.3.6. Since the test-limited risk, Ro,is associated with.a failure occurring between tests,
the failure rate that should be used in calculating the test-limited risk is the time-related standby stress
failure rate. From the total number of faibres on demand, the number of failures due to standby stress

and the number of failures from demand stresses can be partitioned by either an engineering analysis of

failure causes or by a graphical method based on the relationship between the observed number of failures

and the test interval lengths from which the failures came.

De test caused contribution to risk is primarily composed of Rw , the risk contribution due to the

unavailability of equipment resulting from aligning equipment away from its preferred position / state to
conduct a test, when there is no automatic return to the preferred position. The additional data needed for

esumating this parameter are the surveillance test interval and the out-of-service time needed for each test.

Dividing the failure probability into a time related and cyclic demand-related contribution results in a lower
test-limited risk because only part of the component's failure rate is treated as time related. However,

treating only part of the failure rate as being time related snen this is not the case underestimates the test
limited risk; therefore, such a breakdown of the failure rate needs to be justified through data analysis or

engineering analyses.

,
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Also, sometimes only the failure probability (i.e., the M-g-wnt unavailability q) may be provided without
giving a failure rate. In such a case, the effect of a change in the test interval cannot be evaluated unless

the mmt-nt test interval previously used for true T is used to convert the unavailability q in terms of A
and T. When the breakdown between time-related and cyclic damand-related contribution is unknnwn, all

failures can bc ====nad to be time related to obtain the maximum test-limited risk contribution.

In nunmary, the data required for nwn= ring a change in risk with a change in the surveillance test interval

are a breakdown of the failure probability of the component into its time-related and demand-related

components, the proposed test interval, and the outd-service time for surveillans testing for the
component.

A.2.3.6 Test Caused Transients

To evaluate and identify the test-caused transien:s risk (typically defined as Rc), transient events should be

analyzed and those caused by a test should be identified in most cases, this requires reading through the

description of transients that have occurred and noting those. caused by the test.. When longer test intervals

are allowed, the resulting reduction in test-caused transients per unit time tends to cause decreases in risk

due to fewer adverse effects of testing over that longer test interval (which, however, will be partially or
wholly hatan~A by increased in Ro that are caused by the longer time period before detection and

correction of failures) .

'Ibe transient events are obtained from the following plant operating data:

(1) Performance indicator reports: These reports list the number of reactor trips and safety system

actuations at each plant, the date of the events, and the numbers of the relevant licensee event reports

(LERs).

. (2) 1.ER system: Reactor trips are described in LERs

When test-caused transients for a single plant are evaluated, the plant-specific data may be sparse unless

the plant's operating experience covers a substantial period. When this is the case, more data may be used

from the operating experience of other plants of similar vintage (for example, other BWR/4s) assuming

that the likelihood of occurrence of test-caused transients is similar for all the plants in the data base. (The

pr fw. ann indicator reports categorize plants according to design classes.)

A.2.3.7 Data for Evaluating Transition Risk -

Data available in a PRA for full-power opwition provide the basic information fo~ evaluating the transition

risks when a plant is being shut down for an LCO. In addition, the PRA for low-pwer and shutdown
operations, if available, will significantly case the acquisition of the data necessary for evaluating the risk
of shutdown. The low-power and shutdown PRAs typically contain relevant data, such as the durations of

.
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i

shutdown phases and the frequencies ofinitiators that may occur during shutdown operation (e.g., loss of RHR). |
4

The full-power PRA is available for most operating plants, but the low-power and shutdown PRAs may be
1 available only for some plants. Hence, the data needed to evaluate transition risk are dim-d here,

: nemming that only data from a full-power PRA are available:
i-

I

(1) Plant-specific data on shutdown operations: To analyze shutdown phases in detail, plant-specific.

information may be needed, such as operating and abnormal procedures, shift supervisor's log books,

or monthly operating reports. From this ' formation, data on timing of the plant shutdown andm

operational preferences of equipment during plant shutdown can be extracted.

(2) Plant-specific traditional data: The evaluation of heatup and recovery scenarios, including estimates of
,

heatup time, requires some design data on the plant, such as the temperature of the ultimate heat sink,;

or the cooling capacity of the RHR system. These data typically are available from the plant's final
,

: safety analysis report (FSAR). .

i I

(3) Frequency of transients during controlled shutdown: 'Ihe LERs for the plant may need to be reviewed I

in order to evaluate the likelihood of transients during controlled shutdown. The likelihood of a j;

'

; transient during a shutdown may be different from that during power operation (this should be

considered). !
1

,

1

i
a

1

i

i
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,

USE OF PROBABILISTIC RISK ASSESSMENT IN PLANT-SPECIFIC,
RISK-INFORMED DECISIONMAKING: GENERAL GUIDANCE

19.0 USE OF PRA IN REGULATORY ACTIVITIES: GENERAL 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
reviews 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 cuFrent 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,J

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, n.d operat'ional 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
performnce and in redundancy / diversity). The decision process will use the

This SRP adepts the 10 CFR Part 54 definition of current licensing basis, i.e., "CLB is the set
of NRC requirements applicable to a specific plant and a licensee's written comitments for ensuring
ccepliance with and operation within applicable NRC requirements and the plant specific design basis

, (including all modifications and additions to such comitments 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 and appendices thereto; orders; license conditions; exernptions; and I

technical specifications. It also includes the plant specific design-basis information defined in 10 CFR l

50.2 as doe w ented in the most recent final safety analysis report (FSAR) as required by 10 CFR 50.71 and 1

the licensee's comitments remaining in ef fect that were made in docketed licensing correspondence such as |
|licensee responses to NRC bulletins, generic letters, and enforcement actions, as well as licensee

cemitments doceented in NRC safety evaluations or licensee event reports." I

SRP Chapter 19, REV L 03/27/97
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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 RFSPONSIBILITIES

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.

The Probabilistic Safety Assessment Branch (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 application of risk related
acceptance guidelines to support decisionmaking.

The Reactor Systems Branch (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
implementation of emergency operating procedures and abnormal operating
procedures.

The Containment and Severe Accident Branch (SCSB), has primary responsibility
i

for review of any containment response and containment integrity information ;

submitted by the licensee in support of a request for regulatory action. j
1

The Emeraency Preparedness and Radiation Protection Branch (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.

The Office of Nuclear Reaulatory Research (RES), at the request of the primary
review branch, provides technical support in areas involving all aspects of

'PRA, severe accident phenomenology and engineering studies.

The Office for Analysis and Evaluation of Operational Data (AE0D), 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.

The Reaional Offices, at the request of the primary review branch, provides
information on licensee operationel 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

General review guidance for applicable activities is presented inprocess.
this SRP. In addition, application-specific SRP chapters are available to
provide additional guidance for several activities. Examples include:

Changes to allowed outage times (A0T) and surveillance test intervals*

(STI) in plant-specific technical specifications;

Changes in scope and frequency of tests on pumps and valves in a*

licensee's inservice test (IST) program;

Changes in scope and frequency of inspections in a licensee's inservicea

inspection (ISI) program; and

Grading of activities in the licensee's quality assurance (QA) program.-

Draft regulatory guide DG-1061 defines an acceptable approach to analyzing and
evaluating proposed CLB changes. This approach supports the staff's desire to
base its decisions on the results of 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 integrated 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 section, the scope of the staff review of a risk-
~

informed application will depend on the specifics of the application.
However, this scope should include a review of the four-element approach 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

j therefore includes an evaluation of: the proposed change in light of the CLB;
| the structures, systems and components (SSCs), 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 to eliminate requirements
the licensee 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 acte therefore
important in applications where there is some uncertainty in evaluation models
and/or data. As such, the review scope should include proviaions to ensure
Oat the licensee proposed process for implementation and monitoring is
adt:quate 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 su9purt conclusions regarding the acceptability of the proposed change and
that uchival documentation of the evaluation process and findings is
maintsined 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 asrure that high risk significant SSCs not currently subject to regulatory
control will be subject to requirements 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 j
guidance in this area. ;

!

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

11.1 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 related 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 II.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
II.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:

All 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 CDF and LERF resulting from proposed CLB changes*

are limited to small increments (section II.3.2);

The scope and qua'.ity 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 II.3.2); and I

Data, methods, and assessment criteria used to support regulatory*

decisionmaking are available for public review (section 11.5). |
,

II.2 Element 1: Define the Proposed Chanae

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 I

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
licensing basis changes (e.g., technical specification, license conditions,
and FSAR)

i

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 requests 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 (A0Ts), 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, INP0 incident assessments documented in

6 SRP 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,
management 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 initial review of the licensing 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.

1

11.3 Element 2: Conduct Enaineerina Evaluations !

In order for the staff to make findinos of acceptability regarding a proposed
license amendment, the staff position should be based on an integrated
assessment of traditional engineering evaluations and probabilistic
information. Specific evaluations e g ected to be performed by the licensee
ara described in section 2.4 of draft reg guide DG-1061. The scope and |

'

quality of the engineering analyses conducted to justify the proposed change
should be appropriate for the nature and scope of the change. Types of i

traditional engineering and probabilistic information which should be included !
in submittals are described in section 3 of the draft guide. !

l

The results of_ this element should be reviewed to determine if the following
principles for risk-informed decisionmaking are satisfied: the proposed change
meets current regulations unless the change is explicitly 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 Evaluation of Defense-in-Depth Attributes and Safety Marains

A review of the engineering evaluations should be performed to demonstrate
that the principles identified in Section 11.1 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 per'ormed 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 intt 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 philosophy has been and continues to
l be an effective way to account for uncertainties in equipment and human

performance. In some cases, risk analysis can help quantify the range of
uncertainty; however, there will likely remain areas of large uncertainty or
areas not covered by the risk analysis. Where a comprehensive risk analysis
can be performed, it can be used to help determine the approximate 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. I

Preservation of Multiple Barriers for Radioactivity Release

Defense-in-depth can be argued based on considerations 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 result in a significant increr.se in the existing
~

*

challenges to the integrity of the barriers;

probability of failure of each barrier is 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 is sufficient to be*

compatible with the risk acceptance guidelines.

In demonstrating the above, it is 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;

system 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 thea

introduction of new common cause failure mechanisms is assessed;

independence of barriers is not degraded; and*

defenses against human errors are preserved.a

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.
Secific activities that are important in maintaining reliability of a
c;mponent 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.
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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 plant design. For example, proposed '

maintenance and surveillance activities should complement and not replace
proper plant design.

11.3.1.2 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 result in over-designing of components, incorporation
of extra system trains or extra 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 safety margins should be evaluated. For example, the reviewer
should establish that:

engineering codes and standards or alternatives approved for use by thea

NRC are met, or deviations are justified; and

safety analysis acceptance criteria in the current licensing basis area

met, or proposed revisions provide sufficient margin to account for
analysis and data uncertainty.

Clearly, these items are closely related to guidance provided in section
II.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
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!

results from risk evaluations and the associated analysis of uncertainties,
especially in the analysis areas and models affected by the application, will
provide useful information to help in the reviewer's decision-making.

In the evaluation of available safety margins, reviewers should also look at I

the risk profile of the plant. If a proposed CLB change creates or
, exacerbates a situation where risk is dominated by a few elements (SSCs or f|

J

| human actions) or a few accident sequences, the impact should be carefully
l evaluated by the reviewer. If one or a few elements clearly dominate risk, !

then the modeling of these items (including uncertainty) and the effect on
risk if they degraded should be reviewed more in detail, and the acceptability
of this contribution assessed.

In demonstrating available safety margins, licensees will in some cases cite
new data from plant tests or research projects, or analysis with models based j

on new data to support their proposal. The following examples illustrate j

situations in which data and analysis can be used effectively to support the '

CLB change request:

to show that a phenomenon of concern cannot occur or-is less likely to*

occur than originally thought;

to show that the amount of safety margin in the design is significantly*

greater than that which was assumed when_the requirement or position was
imposed;

to show that time available for operator actions is greatar than*

originally assumed.
|

,

The reviewer's primary objective is to verify the relevance and acceptability
'

of this new information with respect to 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 circumstances to which it is ,

being applied.

11.3.1.3 Current Regulations

Staff reviewers should 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 2.802 " petition for rulemaking").

The current licensing basis also applies until modifications to it are
accepted by the staff. It is expected that many applications will seek to
modify the CLB in risk-informed submittals. Applications that seek to make
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| qualitative changes to the CLB (such as moving components out of the scope of
| a required program) should be reviewed in 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).'

II.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 model. Otherwise, the risk assessment may
provide inaccurate or misleading information that will require careful
scrutiny before use in any regulatory decisionmaking process.

The development of a plant-specific, risk-informed program will also require
that information be available to identify the application-specific SSCs and
human actions that contribute most significantly to 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 functional relationships between the application and the
event. The effects of proposed changes on parameters such as common cause
failure probabilities and potential increases in human error probabilities
should be addressed within the review process.

The characterization of the proposed change in terms of PRA model elements is
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 required of the PRA to
support the application. Sub-sections 11.3.2.2 and 11.3.2.3 discuss these
topics.

Many applications, such as those involving changes in 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 SSC unavailability to the extent that the
affected components are included in the plant PRA. There are other possible
risk-informed applications where it may not be feasible to explicitly model
the cause and effect relationship because the actual impact on component
unavailability resulting from the proposed change is not clearly understood.
For applications such as these, the use of risk categorization techniques
provide a useful method to identify groups of less risk important SSCs that
are possible candidates for a graded approach to regulatory requirements.
Using such a categorization approach, it is 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 results
should be derived from analyses of appropriate quality. The guidelines to
help in the review of PRA quality are discussed in sub section 11.3.2.4 and
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also in Appendix A of this SRP. Finally, the issues related to the
determination of risk contribution / component categorization are discussed in
Appendix C of this SRP.

11.3.2.1 Characterization of Change in Terms of PRA Model Elements

Where quantitative PRA results are 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 modified for the application, and (iii)
identificatiun 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
affected by an application is tabulated in Table 11-1 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
to which 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 |
I

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 shutd'own,
seismic, fire, floods ud severe weather, the licensee should consider the
effects of the change and provide rationale why additional PRA analyses are i
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 still 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.

OR

If the proposed change impacts enanalyzed 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 guidelines 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 lead 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 is dependent on the l

level of resolution of the modeled SSCs. A component level of resolution 4

!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 level unless it can be demonstrated that component level insights can4

be bounded by system or train level effects. The direct application of PRA
results will be limited to those SSCs that are explicitly modeled as part of
PRA basic events. Insights for SSCs that are implicitly modeled (i.e.,
screened out, assumed not important, etc.) shall only be used after additional
consideration of the effects of the proposed change on PRA assumptions, |

scraening analyses and boundary conditions.

Specifically, the level of detail in the modeling' of each SSC can be used to |
determine the following:

-

If the SSCs are modeled at the basic event level, i.e., each SSC is*

represented by a basic event (or sometimes, more than one if different
"silure modes are modeled), 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 other components-

(e.g., the governor and throttle valves being included in the pump
boundary); or if they are included in " black boxes" or modules within i

the PRA model; or they are modeled as part of the calculation of human i

error probabilities in recovery actions, risk insights from the PRA can !

be applied if the effects of the application can be mapped onto the
events (e.g., modules, HEPs, etc.) in 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
invnives AND gates, the mapping will be more complicated.

70 the SSCs are omitted from the model because of inherent reliability.

o" if they are not modeled at all, risk insights on these components
shculd be obtained from an integrated decisionmaking process (such as an
Lxpert 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 risk profile is used to model the plant's licensing basis and
operating practices that are important to safe operation and may provide
insights into areas in which existing requirements can be relaxed without>
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unacceptable safety consequences. It is therefore essential that the PRA l

adequately represent the risk profile. To complement this, it is necessary
not only to identify significant risk contributors, but also to identify those
elements of the plant whose performance is responsible for reducing the risk
to acceptable levels, ar.d address these elements adequately in licensee
programmatic activities.

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

Reasonable assurance of PRA adequacy: The plant's current licensing*

basis and actual operating condition and practices are properly
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 is*

backed up by licensee commitments: PRA results are dependent on plant
activities. They reflect not only inherent device characteristics but
also numerous programmatic activities, such as IST, ISI, GQA, and so on.
Use of a 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. Guidance 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 to
ensure quality. In addition, for each application, specific 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 which will
concentrate on application specific attributes of the PRA. This includes a
review of the assumptions and elements of the ppt n'odel that drive the results
and conclusions.

Appendix A of this SRP provides more detailed guidance e several issues
important to the application-specific reviews of probabiletic evaluations
performed as part of risk-informed regulation.

In addition to the focused-scope review, the following factors sha ild be
considered in determining the need for a more detailed and larger supa 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 detrimentally;

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-related 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-1061 provides a description as to what quality
elements are applicable to the licensee's PRA activities. The reviewer should

. determine that the quality of analyses and performan 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 Uncertainty

Determination of Risk Impact from the Application

For many risk-informed applications, a quantitative estimate of the total
impact of a proposed action is 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 for which a substantial
impact is possible or is to be offset with compensatory measures, an in-depth
and comprehensive PRA analysis is 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 CDF 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 risk or be risk neutral for plants with CDFs at or above 1E-4
per reactor year or LERFs at or above IE-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-
quantitative sense as long as it can be clearly justified that the risk
decrease will at least offset any risk increases.

For plants with base CDFs of less than IE-5 per reactor year and base LERFs of
less than IE-6 per reactor year, CDF increase of less than IE-6 per reactor
year and LERF increase of less than IE-7 per reactor year is allowed subject
to the principles and expectations as specified in Section 11.1 of this SRP
being met. In the review of 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 II.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 II.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 IE-5 in CDF and
IE-6 in LERF could be allowed subject to increased NRC management review. For
this to apply, the base CDF should be less than IE-4 per reactor year and the
base LERF should be less than IE-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, buto

not limited to, the PRA), including consi,deration and quantification
of uncertainties;

the base CDF and LERF of the plant;o

the cumulative impact of previous changes (the licensee's risko
management approach);

consideration of the Safety Goal screening criteria in the staff'so

Regulatory Analysis Guidelines, which define what changes in CDF and
containment performance would be needed to consider potential
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backfits;
;

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

o plant-specific performance and other factors, including for example,
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-1061.

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..

It should account for model uncertainties. There may be several*

alternate approaches to the analysis of certain elements of the PRA
model. The licensee should document why the 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 as:umptions 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 !
address the lack of completeness'either by demonstrating that the impact
of the missing parts on both the base case risk and the change to risk
as a result of the application is bounded so that the overall result is
acceptable, or by limiting the scope of the application to the SSCs for
which the impact on risk can be evaluated (see section 11.3.2.2).

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 models or*

assumptions adopted for the assessment of important elements of the PRA,
and whether the sensitivity analyses that have been 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 i

into a bimodal or multi-modal distribution, and one or more of the modes 1

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);

Idetermine whether the limitations in scope of the PRA, and othera

cc.npleteness 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.

Cumulative 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 is 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 emerge from a quantification of the PRA. For example, if
conventional importance ranking approaches are employed to determine
importance of SSCs, it would be possible that multiple requirements could be
relaxed on certain " low" significant components under multiple applications.
If 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, is
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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 requirements on a given component, unless demonstrable
justification is provided that the risk contribution from the component is
negligible for conditions covered by 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 te cu rent regolatory
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 identif.y reasonable measures to control this residual risk as part of
the risk-infora,ed regulatory process.

Therefor?, 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
I an unbiased way, and licensees who do not satisfy subsidiary safety objectives
l (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 licensee 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 inspection activities.

11.3.3 Intearated Decisionmakina 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

itraditional engineering analyses and the risk assessment have been used to
ensure that the principles listed in section II.I 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 I
reasonable' assurance that the principles were satisfied.

i

As part of the integrated decisionmaking process, implementation and
,

monitoring strategies should be utilized to provide confidence in the results I

of the underlying engineering analyses. In addition, compensatory measures
1which reduce risk can be taken to offset incompleteness or uncertainties in ;

the analysis. Compensatory measures can also be und to offset a quantifiable
increase in risk with a non-quantifiable but expected improvements in safety.

To ensure that the underlying 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 decidonmaking is expected to be
well-defined, systematic, repeatable, and scrutat,h. Appendix B of this SRP
provides review guidance and staff expectations of licensee integrated
decisionmaking process.

11.4 Element 3: Develoo Imolementation and Monitorina Stratecies

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 i

4 , risk model (or on performance of operators, whee appropriate) used to support i
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.

When monitoring that is already being performed as part of the Maintenance
Rule implementation is also proposed for the current appli. cation, 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 limited 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 expand.the applicable
database over a range of component ages. Such a program would be expected to
provide a better chance of early detection of SSC reliability degradation.

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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Finally, the reviewer should also look at the criteria to be applied in I
deciding what :sctions are to be taken in cases where performance falls below
that predicted by the supporting ovaluations. Corrective action procedures
should be in o' ace before implementation of the proposed program.

|
11.5 Element 4: Staff Evaluation of Submittal |

In order for the staff to make a conclusion of acceptability of the proposed
CLB change based on review guidance provided ir, earlier sections, sufficient I
engineering and licensing information b ra to be submitted or be made
available by the licensee. Furthermore, tr.? data, methods, and assessment
criteria used to support tte regulatory decisionmaking should be available for |public review. '

In aodition, appropriato muhtory action should be requested by the
licensee. Requests for cropued changes to the plant's CLB typically take the
form of requests for 1 tcease mendments (including changes to or removal of |

license conditions), rechnict.; specification changes, changes to or withdrawal |

of orders, and changes to programs pursuant to 10 CFR 50.54- (e.g., QA prograa |changes under 10 CFR 50.54(a)). The staff should determine if: (i) the form of
I

the change request is appropriate for the proposed CLB change; (ii) the linformation required by the relevant regulation (s) in support of the request !

is submitted; and (iii) the request is in accordance with relevant procedural
requirements. For example, license amendments should meet the requirements of
10 CFR ff 50.90, 50.91 and 50.92, as well as the procedural requirements in 10

,

CFR f50.4. Where the licensee submits risk information in support of the CLB |
change request, that information should meet tne guidance in Section 3 of |draft guide DG-1061.

Licensees have a choice of whether to submit results or insights from risk
analyses in support of their CLB change request. Where the licensee's
proposed change to the CLB is consistent with currently-approved staff |

positions, the Staff's determination will be based solely on traditional,

engir,eering analysis w: hout recourse to risk information (although the Staff
may consider any risk information which is submitted by the licensee).
However, where the licensee's proposed change goes beyond currently-approved
staff positions, the Staff should consider both information based upon I
traditional engineccing analysis as well as information based upon risk '

! insights. If the licensee does not submit risk information in support of a
CLB change which goes beyond currently-approved Staff positions, the Staff may |request that the licensee provide this information. Such a request is not a |

backfit under 10 CFR 50.109. If the licensea chooses not to provide the risk
information, the Staff will review the proposed application using traditional

| engineering analysis and determine whether sufficient information has been
provided to support the requested change.

In risk-informed change proposals, licensees ars expected to identify SSCs
| with high risk significance which are not currently subject to regulatory

| 24 SRP Chapter 19, REV L 03/27/97
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,

requirements, or are subject to a level of regulation which is not
commensurate with their risk significance, and propose CLB changes that will
subject these SSCs to the appropriate level of regulation, consistent with the
risk significance of each SSC. Specific information on the staff's

,

expectation are set forth in the application-specific regulatory guides. The
staff reviewer should assure-that the application-specific guidance is4

followed. If there is no guidance, the reviewer should determine whether any
assumptions from the risk analysis are reflected in the licensing basis, and
that commitments for enhanced regulatory requirements / controls applicable to
high risk SSCs not currently subject to regulatory requirements (or subject to
a level which is not commensurate with their risk significance) are
appropriate and reflected in the licensing basis.

Update of the Safety Analysis Report

i Reviewers should assure that the proposed changes, when approved by the staff,
will be appropriately incluced in future updates to the licensee Safety
Analysis Report. In additiori, isnportant assumptions including SSC functional
capabilities and performance attributes, which play a key role in supporting j>

the acceptability of the CLB change, should be identified <by the licensee.
Since the continued satisfaction of these assumptions is necessary to maintain l
the validity of the safety evaluation, the reviewer should verify that such |
assumptions are reflected by licensee commitments which are incorporated into ;

the Safety Analysis Report. The reviewer should verify that the licensee has j
submitted revised FSAR pages as necessary. This revision should include all
the programmatic activities, performance monitoring. aspects and SSC functional

; performance and availability attributes which form the basis of the request. ;

~ This material should identify those SSCs whose performances, should be verified
(including nonsafety-related SSCs whose performance and reliability provide i<

part of the basis for the CLB change).
,

NEPA Considerations

In accordance with 10 CFR Part 51, environmental protection regulations such
as those from the National Environmental Policy Act (NEPA) would have to be
addressed as part of the staff's review process. The reviewer should utilize
NRR Office Letter 906, Revision 1 and 10 CFR 51.25 to determine how the NEPA
requirements are to be addressed. If it is determined necessary, an

environmental assessment (EA) should be prepared to assess whether an
environmental impact statement (EIS) is required or whether a finding of no
significant impact (F0NSI) can be made. It is expected that, if all the
guidance and acceptance criteria provided in DG-1061 is satisfied, the staff
should normally be able to make a finding of no significant impact for the
proposed CLB change.
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Table 11-1 (page 1 of 3)
2Questions to Assist in Establishing the Cause-Effect Relationship

LEVEL 1 (INTERNAL EVENTS PRA)

Initiating Events
Does the application introduce consideration of new initiating events?+

Does the application address changes that lead to a modification of the initiating event groups?*

Does the application necessitate a reassessment of the f requencies of the initiating event gro@s?*

Does the application increase the likelihood of a system failure that was bounded by en initiating*

event group to the extent that it needs to be considered explicitly?

Success Criteria
Does the application necessitate modification of the success criteria?+

Does the modification of success criteria necessitate changes in other criteria, such as systeme

interdependencies?

Event Trees
Does the application address an issue that can be associated with a particular branch, or branches*

on the event trees, and if so, is the branching structure adecuate? ,

Does the application necessitate the introduction of new branches or top events to represent+

concerns not addressed in the event trees?
Does the application necessitate consideration of re ordering branch points, i.e., does the*

application affect the sequence dependent failure analysis?

System Reliability Models
Does the application impact system design in such a way as to alter system reliability models?+

Does the application ispect the support functions of the system in such a way as to alter thee

dependencies in the arMel?
Does the application impact the system performance, and, if so, is that inpact on the function*

obscured by conservative modeling techniques?

Parameter Data Base
Can the application be clearly associated with one or more of the basic event definitions, or doese

it necessitate new basic events?--

Does the application necessitate a specialized probability model (e.g., time dependent model, etc.)?e

Does the application necessitate modifications to specific parameter values?+

Does the application introduce new conponent f ailure modes?+

Does the application affect the component mission times?e

Does the application necessitate that the plant-specific (historical) data be taken into account,+

and can this be schieved easily by an update of the previous parameters?
Does the application involve a change which may impact parameter values, and do the present+

estimates reflect the current status of the plant with respect to what is to be changed?

Dependent Failure Analysis
Does the application introduce or suggest new common cause f ailure (CCF) contributions?+

Does the application introduce new asynenetries that might create sub-groups within the CCF conponent
I

e
*groups?

Is the application likely to affect CCF probabilities? .
*

2 Information from section 3.3 of the EPRI PSA Applications Guide
provided substantial input to this listing.

I 26 SRP Chapter 19, REV L 03/27/97
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Table II-1 (page 2 of 3)

Questions to Assist in Establishing the Cause-Effect Relationship

Human Reliability Analysis
Does the application involve a procedure change?+

Does the application involve a new hur.an action?+

Does the application change the available time for human actions?+

Does the application affect the human action dependency analysis?*

Does the application eliminate or modify an existing hunan action?+

Does the application introduce or modify dependencies between plant instrunentation and hunan+

actions?
!s the application concerned with events that have been screened 'from the model, either in whole or+

in part?
Does the application inpact a particular performance shaping factor (PSF), or a group of PSFs, and+

are they explicitly addressed in the estimation approach? For example, if the issue is to address
training, is training one of the PSFs used in the HRA?
Does success in the application hinge on incorporating the impact of changes in PSFs, and if so, do+

the current estimates reflect the current status of these PSFs?
!s it possible that the particular group of hunan error events that is af fected by the change being+

analyzed has been truncated? .

Does the change address new recovery actions?*

Internal Flooding ,.

Does the application affect the screening analysis, for example, does the application result in the*

location of redundant trains or conponents into the same flood zone?
Does the application introduce new flooding sources or increase existing ootential flood+

inventories?
Does the application af fect the status / availability of flood mitigation oevices?*

Does the application affect flood propagation pathways?+

Does the application affect critical flood heights?+

Quantification
Does the application change any of the basic event probabilities?*

Does the application change relative magnitudes of probabilities?+

Does the application only make probabilities smaller?*

.Is the new result needed in a short time scale?+

Does the application necessitate a change in the truncation limits for the model?+

Does the application affect the " delete terms" used during the quantification process? (More+

specifically, does the application introduce new combinations of maintenance actions or operating
modes that are deleted during the base case quantification process using the delete function?)
Does the application af fect equipment that have been credited for operator recovery actions? Also,+

for recovery actions that credit inter-system or inter-unit cross ties, the ef fect on other systems
or functions or on the operation of the other unit should be considered and addressed.

Analysis of Results
Does the application necessitate an assessment of uncertainty, and is it to be qualitative or+

quantitative?
Are there uncertiinties in the application that could be clarified by the application of sensitivity.

studies?
Does the application strategy necessitate an inportance analysis to rank contributions?+

Does the application necessitate that an importance, uncertainty, or sensitivity analysis of the+

base case PRA exist?

Plant Damage State Classification
Does the application inpact the choice of parameters used to define plant damage states?+

Does the Key Plant Damage States (KPDS) utilized adequately represent the results of the Level 1+

analysis by including the plant damage states that bsve a significant frequency of occurrence?
Have those plant damage states that have been eliminated in this process been assigned to KPDSS of+

higher consequence (e.g. Likelihood of Large Early Release)?
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Table II-1 (page 3 of 3)

Questions to Assist in Establishing the Cause-Effect Relationship

Level 2 (CONTAINMENT ANALYSIS PRA)

Have new contaltnent f ailure modes identified by the application been addressed in the PRA? Are+

potential changes accounted for?
Are any d4.id ncies among containment f ailure modes being changed?*

Does the application involve mechanisms that could lead to containment bypass?*

Does the application involve mechanisms that could cause failure of the containment is isolate?*

Does the application directly affect the occurrence of any severe accident phenomena?+

Does the application necessitate use of risk measures other than large, early release?*

Does the application change equinment qualification to the point where it affects timing of+

equipment failure relative to containment failure?
Does the application af fect core debris path to the sump / suppression pool or to the other portions+

of the containment?
Does the selected source term categories adequately represent the revised Containment Event Tree+

(CET) endpoints? Are CET endpoint frequencies changed enough to affect the selection of the
dominant / representative sequence (s) in the source term binning process?
Does the application affect the timing of release of radionuclides into the environment relative to*

the initiation of core melt? and relative to the time for vessel rupture?
.2.

LEVEL 3 (CONSEQUENCE ANALYSIS PRA)

Does the application necessitate detailed evacuee doses?+

Are individual doses at specific locations needed for this application?+

!s evacuation or sheltering being considered as a mitigation measure?*

Are long term doses a consideration in this application?*

EXTERNAL EVENTS PRA (Hazard Analysis)

Will the changes introduce external hazards not previously evaluated?+

Will the changes increase the intensity of existhe hazards significantly?*

Are design changes modifying the structural response of the plant being considered?*

Does the change impact the availability and performance of necessary mitigation systems for an*

external hazard?
Does the application significantly modify the inputs to the plant model conditioned on the external+

event?
Are changes being requested for systems designed to mitigate against specific external events?*

Does the application involve availability and performance of containment systems under the external+

hazard?

SHtJTDOWN PRA

Will the changes affect the scheduling of outage activities?+

Will the changes afG ct the ability of the operator to respond to shutdown events?+

Will the applicatio,. affect the reliability of equipment used for shutdown conditions?+

Will the changes af fect the availability of equipment or instrtmentation used for contingency plans?+

i 28 SRP Chapter 19, REV L 03/27/97
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III. EVALUATION FINDINGS

The results of a reviewer's evaluation should reflect a consistent and
scrutable integration of the probabilistic considerations and traditional
engineering considerations provided by the licensee or applicant and developed
independently by the reviewer. To make a finding of acceptability the
reviewer will generally need to show that in light of a small or non-existent
increase in risk and a reduced level of conservatism, defense-in-depth and
sufficient safety margins are maintained. Findings of acceptability should be
supported with logical bases built from an evaluation of the considerations
given in section II.

The reviewer should confirm that sufficient information is provided in
accordance with the requirements of this SRP and that the evaluation supports
conclusions as specified below, to be included in the staff's safety
evaluation report.

General

The proposed change meets the current regulations. Jhis principle
'

. ;

applies unless the proposed change is explicitly related to a requested
exemption or rule change (i.e., a 50.12 " specific exemption" or a 2.802 :

" petition for rulemaking").

Defense-in-depth is maintained.-

Sufficient stfety margins are maintained.-

Proposed increases in risk and their cumulative effect are small, and*

these changes do not cause the NRC Safety Goals to be exceeded.

Performance-based implementation and monitoring strategies are proposed.

that address uncertainties in analysis models and data and provide for
timely feedback and corrective action.

All 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 undesirable. The approach used to identify reduced requirements
was also used to identify if there are areas where requirements should
be increased.

The acceptability of the proposed changes have been evaluated in an.

integrated fashion that ensures that all principles are met;

Increases in estimated CDF and LERF resulting from proposed CLB changes*

are limited to small increments.
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The scope and quality of the engineering analyses (including traditional*
;

and probabilistic analyses) conducted to justify the proposed CLB changei -
'

are appropriate for the nature and scope of the change and are based on
the as-built and as-operated and maintained plant.

Appropriate consideration of uncertainty has been given to analyses*

results and interpretation of findings.

The plant-specific PRA supporting licensee proposals has been subjected*

to quality controls such as an independent peer review.

Data, methods, and assessment criteria used to support regulatory*

1decisionmaking are available for public review. '

Definition of the Proposed Chanae

Adequate traditional engineering and probabilistic evaluations are*
!

available to support the proposed CLB change. Plant-specific and {
relevant industry data and operational experience also supports the|

proposed change. -

Cause-effect relationships have been identified to adequately link the*

application with the PRA model elements.

The proposed risk models can effectively evaluate or realistically bound*

the effects of the proposed change.

Information from engineering analyses, operational experience, plant-*

specific performance history have been factored into the decision
process.

Evaluations of Defense-In-Denth Attributes and Safety Marains

Defense-in-depth is preserved, for example: system redundancy, diversity ~
*

-and independence is maintained commensurate with the expected frequency
and consequence of challenges to the system; defenses against potential
common cause failures are maintained and the introduction of new common
cause failure mechanisms is assessed; and defenses against human errors
are maintained.

Sufficient safety margins are maintained, for example: codes and*

standards approved for use by the NRC are met or deviations justified;
,

I

and safety analysis acceptance criteria in the CLB are met, or proposed
revisions provide sufficient margin to accomit for analysis and data

j uncertainty.

; Current regulations have been met or the proposed exemption is*
'

acceptable.
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Scoce' of Risk Analysis

The licensee's PRA satisfactorily addresses all mode / initiator*

combinations, OR

The licensee's PRA does not need to analyze the followinc node / initiator*

type combinations. [ List combinations] In each instance, the licensee
has demonstrated that:

o suitably redundant and diverse plant response capability is- )
maintained for significant initiators in these modes; and

o sufficient-elements of the plant response capability are subject to
programmatic activities to assure suitable performance.

Level of Detail of Risk Analysis

The PRA is detailed enough to account for important system and operator*

dependencies.

Risk insights are consistent with the level of detab modeled in the*

PRA.

Quality of the PRA

There is reasonable assurance of PRA adequacy as shown by the licensee*

process to ensure quality and by a focused scope application-specific
review by the staff.

Results are robust in terms of uncertainties and sensitivities to the*

key modeling parameters

Key performance elements for the application have been appropriately'-
~ ~

*

classified and performance is backed up by licensee commitments.

Risk Impact and Treatment of Uncertainty

If the risk-informed application is based on the quantification of the-

change to risk, then the following applies:

The application is either risk neutral or results in a decrease ino
plant risk, OR

If an application results in an increase in risk, the increase iso
within the guidelines defined in draft guide DG-1061. The
cumulative and synergistic effects on risk from the present and
previous applications have been addressed. Licensee risk management
practices are being followed to minimize the risk from plant
operations.
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o In either of the above cases, an appropriate consideration of
'

uncertainties is provided in support of the proposed application.
The licensee showed that the uncertainty in the risk change was
small compared to the margin between the estimated change and the
allowable change. This argument was supported either by explicit
propagation or by a qualitative and/or sensitivity analysis showing
that no event contributing to tP change in risk is subject to
significant uncertainty.

If the risk-informed application is based on a qualitative assessment of*

the change to risk, then the application is shown to result in a
decrease in plant risk, or is risk neutral, or CDF and LERF increases
are shown to be acceptable based on bounding evaluations or sensitivity
studies. When this assessment is based solely on traditional
engineering information or use of compensatory actions, then the
application clearly shows a reduction in risk.

Inteorated Decisionmakino Process

Results from traditional engineering analyses and risk analyses have*

been used to ensure that the principles for risk-informed decisionmaking
have been met.

Potential analysis limitations, uncertainties and conflicts are resolved*

by use of conservative results, or by use of appropriate implementation
and monitoring strategies, or by use of appropriate compensatory
measures.-

The integrated decisionmaking process is well-defined, systematic,*

repeatable, and scrutable.

Implementation and Monitorina Strate 1Lu

The implementation process is commensurate with the uncertainty-

associated with the results of tt:e traditional and probabilistic
engineering evaluations. I

A monitoring program which could adequately track the performance of*

equipment covered by the proposed licensing changes was established. It

was demonstrated that the procedures and evaluation methods will provide
reasonable assurance that performance degradation will be detected and
that the corrective action plan will assure that appropriate actions can
be taken before SSC functionality and plant safety is compromised. Data j
from similar plants will be used if needed. j

In addition to the tracking of performance of SSCs affected by the !+

application, the performance monitoring process also includes the.
tracking of performance of SSCs which support the underlying basis for
the decisionmaking.
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licensee Submittal ,

l
The submittal includes sufficient information to support conclusions |*

regarding the acceptability of the proposed change.

The appropriate regulatory action was requested. In addition, pertinent !*

information on the CLB change will be included in the Safety Analysis ]
Report, technical specifications or license conditions as necessary. -

The licensee has appropriately committed to the important programmatic* ,

iand performance assumptions in the PRA and engineering analyses which
served as the basis of the CLB change. These include any enhancements
to regulatory requirements necessary to preserve assumptions in the PRA
and engineering analyses, and to reflect new regulatory requirements for
high risk significant SSCs not otherwise subject to existing i

requirements, commensurate with their risk significance. These ;
!commitments are reflected in revisions to the Safety Analysis Report,

technical specifications or appropriate licensee conditions have been
imposed by the staff.

..

I

i

1

I
|

,

|
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IV. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
jregarding the NRC staff's plans for using this SRP section. |

|
'

Except in those cases in which the applicant or licensee proposes a acceptable
alternative method for demonstrating that a proposed CLB change is acceptable,
the method described herein will be used by the staff in its evaluation of
risk-informed changes to the CLB.

|

|

|

! -

i

t

|

l
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Appendix A GUIDANCE FOR A FOCUSED-SCOPE APPLICATION SPECIFIC PRA REVIEW

As stated in Section 11.3.2.4 of this SRP and in draft guide DG-1061, PRAs
that are used in risk-informed submittals to determine risk significance or
risk impact should have been shown to be of adequate quality. Staff
evaluation of a licensee risk-informed application submittal is expected to
include a review of the licensee process for PRA quality assurance. Where
necessary, this should be supplemented by an overall review of the following:
event and fault tree models; data on SSC failures and common cause failures;
mission success criteria; initiating event analysis; human reliability
analysis; and result quantification including the analysis of uncertainties.
These reviews should be of sufficient detail to provide the staff with
confidence that the PRA properly reflects the plant's CLB and actual operating
conditions and practices. Results from previous staff review efforts (e.g.,
from prior applications) should be utilized as appropriate.

In addition to the general overall review as described above, staff reviewers
are also expected to perform a focused-scope review of the risk analysis on an
application-specific basis. This appendix provides review-guidance on the
likely elements of a PRA which may affect or be affected by proposed changes
to the CLB.

A.1 Use of Acoropriate Data

a. Area of Review

In risk-informed applications it is important that appropriate SSC failure
data is used. While plant-specific data is preferred, for plants with little
operating history, the only choice is use of generic data. Furthermore,
when the impact of the change is'being modeled as a modification of parameter
values, there may be no plant-specific data to support the modification. The
data related issues are the following: a) if the impact of the application is
to be modeled as a change in parameter values associated with basic events
representing modes of unavailability of certain SSCs, these changes should be
reasonable and should be supported by technical arguments; and b) the impact
of the change is neither exaggerated nor obscured by the parameter values used
for those SSCs unaffected by the change.

b. Review Guidance and Procedures i

!

It is to be expected that, for a PRA that has undergone a technical review, I
parameter values will have been judged to be appropriate, whether they have
been evaluated using generic or plant specific data. However, since the |
review was focused on the PRA as a base case model, a different perspective on |

the appropriateness of parameter values may be required for specific '

applications. Therefore, in reviewing PRA applications, the reviewer should
focus on those parameter values that have the potential to change the

|
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conclusion of the analysis. For example, parameters associated with SSCs that
'

appear in the same cutsets as the affected SSCs have the potential to distort
the conclusions by decreasing the assessed importance of the change if their
values are too low, or by increasing it if their values are too large.
Similarly, parameters that contribute to the cutsets that do not contain
affected SSCs can decrease the importance of the change by being too large, or
increase it by being too low. |

Whether the data used is plant-specific, generic, or a combination of both, i

the parameter values are expected to be consistent with generally accepted |
values from PRAs of similar plants, or significant deviations should have been |
justified. Significant in this context can be defined as no greater than a ,

factor of 3 for the mean values of the failure rate or failure probability. l
The focus of the review should be on those parameter values which both have a
significant impact on the results as discussed above, and which deviate
significantly from the generally accepted norm. l

If it was decided that a more detailed review of the parameter values is 1

Iappropriate, then the following guidance applies. For plant-specific data,
the reviewer should determine how plant records were used -to estimate the I
number of events / failures, the number of demands, and the operating hours or '

standby hours. The reviewer should verify the consistency between the
definitions of failure modes and component boundaries used in the risk
analysis and the definitions used in the plant records. When generic data are l

used, it is important to verify that the plant component is typical of the
generic industry component. In cases where generic failure rates are used in
combination with plant-specific data like test intervals, the reviewer should j
verify that the generic data are applicable for the range of plant data used. ;

,

When evaluating the impact of the change, it is important for the reviewer to
recognize the assumptions that have gone into developing the PRA model. For

- example, two models are commonly used for events representing the
unavailability of a standby component on demand; the standby failure rate
model and the constant probability of failure on demand model. Using the
former model can result in large differences between the unavailabilities of
components whose test intervals differ significantly, given the same standby
failure rate is used. The reviewer should be sensitive to this effect, and

ascertain that appropriate models are used. As another example, in
considering plant-specific failure data, poorly-performing individual
components may have been grouped with other components, allowing their poor |

performance to be averaged over all components of that type. Poor performance
, may arise because of inherent characteristics of one member of what wouldI

otherwise be considered a uniform population, or may arise because components !
are operating in a more demanding environment. If these components are !

|

|
grouped together with others for which the operating conditions are more

,

|
favorable, then the failure rates used for the poor performers could be

'

artificially lowered. If requirements are relaxed based on the group failure i

rate, reduced programmatic attention to these poor performers could lead to a j

greater than expected probability of experiencing an in-service failure of one j
|
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l

of these components. The reviewer should be aware of such effects, and should
make sure that components are grouped appropriately.'

When the impact of the change is being modeled as a change in the parameter
values associated with specific basic events representing modes of
unavailability of SSCs, the reviewer should focus on whether the change in ;

parameter values is appropriate and reasonable. The rationale behind the |
change in parameter values is expected to be documented and should be reviewed i

carefully.

If generic values are used for the base case parameter values which are
candidates for being changed, it should be checked that the conditions under
which the generic data are applicable do not correspond to'those which would |
be more appropriate for a plant with the change incorporated. This should '

only be a real concern if the plant being changed is somewhat untypical with
respect to the issue being addressed by the change. This would not be a
concern if plant specific data were being used.

Finally, as a validation of the data used to justify CLB changes in risk-
informed applications, monitoring of the performance of components affected by
the application is important. This monitoring should be performed as the
proposed application is phased in. For very reliable SSCs, it may be
necessary for the licensee to review available operating experience at other
plants for applicability to the licensee's plant to expand the operating I

experience database. The reviewer should ascertain that the monitoring
'

program is capable of demonstrating that the performance of the components or
systems is in accordance with what has been assumed.

c. Evaluation Findings

The reviewer verifies that information was provided to support the following
conclusions:

The failure rates and probabilities used, especially those that directly*

affect the proposed application, appropriately consider both plant-
specific and generic data that are consistent with generally accepted
values from PRAs of similar plants, and deviations (if any) have been
justified.

The licensee has systematically considered the possibility that*

individual components could be performing more poorly than the average
associated with their class, and have avoided relaxation for those
components to the point where the unavailability of the poor performers
would be appreciably worse than that assumed in the risk analysis.

The changes to the parameter values impacted by the application are both*

j justified and reasonable.
|

Data used to support changes to the CLB are supported by an appropriate| .

|
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performance monitoring program.

A.2 Initiatina Events

a. Area of Review
|

Whether or not a particular initiating event is included in a PRA depends on i
the scope of the PRA, the frequency of that event, the available plant systems 1

or other features to mitigate the event, and the consequences of the event if
unmitigated. Proposed plant changes could affect the frequency of initiating
events, the probability of mitigation of event initiators and, in some cases,
event consequences. In addition, plant changes could potentially introduce
new initiating events or result in previously screened out events becoming
more important,

b. Review Guidance and Procedures |

For risk-informed applications, the staff should determine if initiating
events and anticipated plant response are affected by the-proposed changes.
The reviewer should determine if the proposed changes: (i) can lead to an
increase in the frequency of an initiator already included in the PRA; (ii)
can lead to an increase in the frequency of an initiator initially screened
out in the PRA; (iii) have the potential to introduce new initiating events;
and (iv) can affect the grouping of initiating events. These are discussed
further below.

Applications that result in changes to initiator frequency or the ability of
the plant to respond to event initiators are relatively easy to model in the
risk analysis if the initiators are already included in the base analysis. In
these cases, the impact of the changes should be evaluated directly from the
risk model.

In cases where initiators are not included in the original risk analysis based |

on screening evaluations, it is necessary to review whether initiating events
previously screened out on grounds of low frequency, might now be above the

i

screening threshold as a result of a proposed application. Plant changes |
could increase the frequency of initiating events that were relatively '

infrequent to begin with, or these changes could affect SSCs or operator
actions that were credited with the satisfactory mitigation of initiating
events. If initiating events increased in frequency as a result of an
application to the point where it became important (i.e., could no longer be
screened out), then the scope of the analysis would need to change to reflect
this.

Usually, low frequency of an event by itself is not sufficient as a criterion
for screening purposes. The consequences of non-mitigation of the events also
play a big part in this process. For example, interfacing system LOCAs are
often assessed as low frequency events, but because of their impact on public
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health and safety, they can be important. Therefore, for potentially high
consequence events, even if the event frequency is below a screening
criterion, the features that lead to the frequency being low (for example,
surveillance test practices, startup procedures, etc.) should be taken into
account in reviews of PRA applications.

Proposed plant changes should be evaluated to determine if these changes could
result in initiators not previously analyzed in the PRA. For example, changes
might enhance the potential for spurious operation of components whose action
may cause initiating events or changes might increase the likelihood for
operator errors of commission which may result in plant trips. If mechanisms
for producing new initiators have been identified, the reviewer should make
sure that they have been added to the risk analysis so that the impacts from
these initiators can be analyzed.

In PRAs, initiating events are usually grouped according to the systems
required to respond to the transient. This implies that success criteria for
plant systems and operator response are similar for all events in a group. In
addition, events may be screened out when it can be shown that they are
bounded in probability and consequence by other similar events. In the review
of risk-informed applications that affect initiating events, the staff has to
ensure that grouping criteria used in the base analysis have not been
invalidated by the proposed plant changes or, in the case where this is not
true, the 1icensee has made appropriate changes to the event groupings.

Finally, it should be noted that many PRAs model initiating events as single
basic events or " black boxes". In risk-informed regulation, it is preferred
that initiating events especially those that result from the loss of support
systems, be mcdeled using a fault tree (or equivalent) approach so that system
dependencies are fully understood and accounted for. If this is not the case,

the reviewer should be aware of the combination of SSC failures or other
events that could lead to the " failure" of the black hox. This would lead to
a better understending of the risk contributors and is especially important in
risk categorization applications,

c. Evaluation Findings

The reviewer verifies that the information provided and review activities
support the following conclusions:

The licensee has adequately considered the effects of proposed changes*

on the frequencies of initiating events analyzed and the frequencies of ,

initiating events previously screened out. |

The changes have been shown to not result in new initiating events, or=

if new initiators are identified, these have been added to, and analyzed
in the risk model.

Proposed changes have been taken into account in the grouping of-
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initiating events.

Dependencies between the initiating events and the plant mitigation !
*

systems have been considered in the decisionmaking process. l

A.3 Determination of Success Criteria

a. Area of Review

Guidance in the PRA policy statement and in DG-1061 stipulates that realistic l
analysis should be used in PRA implementation. The following discussion is
aimed at sorting out what is meant by " realistic" analysis of success criteria
by reference to SAR analysis.

In order to fulfill its intended purpose, SAR analysis is ordinarily t.ased on
a set of assumptions containing significant embedded conservatisms. SAR
analysis also. reflects a postulated single active failure in addition to |

whatever event initiated the sequence. When a SAR analysis shows a successful i
outcome, then, there is good reason to believe that apart from beyond-single- i
failure scenarios, the system will meet or exceed performance requirements for i
the initiating event considered, l

|
Applying the SAR mission success criterion in a PRA would be conservative, in j
the sense that the probability of failure to meet this standard of performance 1

would be greater than probability of failure to meet a more realistic standard |
of performance. However, re-analyzing event sequences with conventional SAR I
tools would be too burdensome to apply to the large number of scenarios that )are defined in the course of a PRA. In addition, the rather specialized

1
computer codes used in SAR analysis may not be appropriate in beyond-single- '

failure scenarios. Traditionally, development of mission success analysis in
PRAs has ranged from the use of faster running models that might not have the ;

same level of quality assurance as the conventional SAR tools, to the '

extrapolation of results from analysis performed on similar plants.

In order to satisfy the Commission guideline, then, the staff should find that
the applicable PRA insights have not been distorted by a systematic |

conservative bias in mission success criteria, and that mission success
criteria used to justify changes to the CLB have a sound technical basis.

b. Review Guidance and Procedures
|

When it is determined that the results and conclusions of a risk-informed
application are especially sensitive to the choice of mission success i

criteria, or if the modeling is particularly controversial, the staff should
review the relevant success criteria and the basis for each. In cases where
the basis is lacking, the reviewer should either request additional licensee
justification or seek independent analysis.
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If the basis is analytical, staff evaluation of the code used and the input
data may be appropriate. When it is determined that the computer codes used
have not received adequate licensee or other industry review, then closer
examination of the models should also be considered.

The models, codes, and input used to determine mission success criteria should
meet QA standards that are consistent with general accepted methods. This
standard should include configuration control of the analysis input and
results. The standard does not have to be the same as the standarc applicable
to SAR analysis, but it should be explicit (i.e., engineering calculations and
codes sbculd be verified and quality assured) and it should be formalized by
the licensee as part of the licensee QA program.

Some mission success criteria can validly be extrapolated between similar
plants when a firm basis for the criterion is created at the first plant and
it is shown that plant-specific features do not invalidate the comparison.

On an application specific basis, the emphasis of the review should be on
whether the definition of the system success criteria will be affected by the
application specific elements or the elements required in the same minimal
cutset as the application specific element. The reviewer should assure that
the success criteria are not optimistic so as to underestimate the number of
components required (i.e., overestimate the size of the minimal cutset).

c. Evaluation Findings

In cases where conclusions are sensitive to the mission success criteria, the
staff safety evaluation report should contain findings equivalent to the
following:

a technical basis has been established for the mission success criterion*

used in the analysis. Analytical elements of the technical basis have
been given an appropriate level of configuration control and quality
assurance. Where comparison with analogous criteria from other plants
is possible, this comparison has been justified.

A.4 Modelina (f Common Cause Failures

a. Area of Review

Common cause failures (CCF) represent the failures of components that are
caused by common influences such as design, manufacturing, installation,
calibration or operational deficiencies. Since CCFs can fail more than one
component at the same time and can occur with greater probability than would
be predicted by the product of the individual component failure probabilities,
they can contribute significantly to plant risk. .

Risk-informed applications that cover SSCs as a group have the potential of
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affecting the CCF probabilities of SSCs within that group. For the affected
. components, CCF probabilities could be low or might not even be included in
'

the baseline PRA models based on the operational and engineering evidence
driven by current requirements. With proposed changes there should be
assurance that the CCF contribution will not become more significant. In
addition, the assessment of the impact of the change can be affected by the
CCF probabilities for other components, and can either be exaggerated or
obscured depending on the CCF probabilities.

b. Review Guidance and Procedures

The reviewer should verify that potentially significant CCFs have been covered
in the PRA and that, where applicable, the effects of the proposed changes
have been incorporated into the CCF modeling. Staff evaluation should include
a review of the process used for the selection of common cause component
groups.

Acceptable methods for the modeling of CCF contributions are presented in
NUREG-4780 (reference 7). Additional guidance can be found in an AE0D report
" Common Cause Failure Data Collection and Analysis System"-(reference 9),
which also provides an extensive database of generic CCF probabilities that
can be used to compare to those used in the risk-informed licensee submittal.
Significant differences in CCF probabilities should be reviewed carefully to
determine whether they are justified.

Specific review guidelines related to risk-informed applications and the I

assessment of the change are provided below.

The reviewer should verify that industry and especially plant-specific |.

experience which involve the failure of two or more components |
(especially for the application specific components) from the same cause I

was analyzed and incorporated into the risk model where appropriate.

For relevant applications, reviewers should check that licensees have.

appropriately modeled CCF of groups of equipment that were proposed for
the change. In cases where the effects of the application on CCF cannot
be easily evaluated or quantified, reviewers should establish that
performance monitoring is capable of detecting CCF before multiple
failures are likely to occur subsequent to an actual system challenge.
In addition, to reduce fault exposure times for potential common cause ;

failures, phased or incremental implementation should be considered as '

part of the effort to protect against CCF.

The reviewer should make sure that the impact of the change is not.
,

|
inappropriately made insignificant by the choice of CCF probabilities

L for SSCs unaffected by the change. This can occur in two ways. First,

the cutsets containing events which represent failures of SSCs affected
by the change may include CCF contributions from other SSCs which are
too small. Second, the cutsets which do not contain affected SSCs may
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be artificially increased in value by having CCF contributions that are
too large so that the impact of the change is obscured. These cases
will impact applications involving risk categorization by lowering the
relative contribution (and importances) of the affected SSCs. An
understanding of these effects can be obtained from sensitivity analyses
performed by removing the pertinent CCFs or by using more realistic
values for the CCFs.

A common modeling approximation is to include CCF contributions only*

from that combination of SSCs which fails the function of the system.
For example, if system success is defined as success of 1 out of 4
components, usually only a single term representing a CCF of all four
components is included. If the success criterion were 2 out of 4, the
corresponding CCF term would represent failure of any three or all four
SSCs in the group. While probabilistically this usually corresponds to
the dominant contributions, care has to be taken when the application
relies on assessing the impact on risk of having one train unavailable.
In this case, the effective success criterion of the remaining part of
the system changes, so that in the case of the 1 out of 4 system, a CCF
of three SSCs becomes a possible contributor. The impact of not
modeling the lower order CCF contributors should be investigated. Note
that this can impact applications for which the justification of the
change relies on risk categorization as well as those that require an
evaluation of changes to risk.

c. Evaluation Findings

Evaluation findings should include statements of the following effect:

Common cause failure has been suitably addressed and that the licensee |*

has systematically identified component groups sharing attributes that |
correlate with CCF potential and that affect the application.

Where applicable, the licensee's performance monitoring program*

addresses a phased in.olementation approach to reduce the potential for
increased incidence of CCFs due to the proposed change.

A.5 Modelina of Human Performance

a. Area of Review

The results of a PRA, and therefore the input it provides to risk-informed
decisionmaking, can be very strongly influenced by modeling of human
performance. Plant safety depends significantly on human performance, so it
is essential that PRAs treat it carefully. However, the modeling of human

| performance, typically referred to as Human Reliability Analysis (HRA), is a
| relatively difficult area; significant variations in approach continue to be

encountered, and these can result in significantly different estimates of'

A-9 SRP Chapter 19, REV L 03/27/97
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human error probabilities (HEPs) for what appear to be similar human failure
events. The particular values used for HEPs can significantly influence 1
results of the assessment of the impact of a proposed change. In addition to
the quantification issue, there are questions related to what kind of human ,

actions!can appropriately be credited in the context of a particular ;

regulatory finding. As an example, suppose that PRA results appear to support ;

relaxation.of requirements for a component based on the argument that even if
the component fails, its failure can be recovered with high probability by
operator actions outside the control room. The issues of concern here are
whether the modeling of the operator action and the evaluation of the failure
probability is appropriate, and whether this kind of credit .is the sort of
compensating measure that is intended by staff guidance to support

; justification of a relaxation. One further issue is the impact of human
performance which is not explicitly modeled, but is implicit in certain
parameter values. An example is the influence of human performance on
initiating event frequency. The causes of initiating events are typically not
addressed; their impact 'is included in the frequency in an implicit way.

b. Review Guidance and Procedures
~

>

The reviewer should have an understanding of the potentially significant human
performance issues that might be affected by the application and how these are
reflected 'in the PRA. This should include a review of the approach used to
estimate human error probabilities. The human errors probabilities can impact
the assessment of the change in one of three ways. First, HEPs unrelated to

,

the change can obscure or exaggerate the impact of the change depending on
their values by inappropriately increasing or decreasing the value of the
cutsets unaffected by the change. Second, the HEPs may represent responses to
failures of the SSCs impacted by.the change. Third, the HEPs may be directly
affected by the change.

Specific guidance related to the assessment of the impact of the change is
provided below.

The reviewer should make sure that the impact of the change is not*

inappropriately made insignificant by the choice of HEPs included in the
PRA model. This can occur in two ways. First, the cutsets containing
events which represent failures of SSCs affected by the change may
include HEPs which are too small. Second,'the cutsets which do not
contain affected SSCs may be artificially increased in value by having
HEPs that are too large so that the impact of the change is obscured."

These cases will impact applications involving risk categorization by
lowering the relative contribution (and importances) of the affected -

SSCs. An understanding of these effects can be obtained from
sensitivity analyses performed by removing the pertinent HEPs or by
using more realistic values for the HEPs.

The reviewer should identify any human actions that compensate for*

events affected by the proposed application, and ensure that
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-inappropriate credit has not been takan for these events.

Justification of proposed changes to the CLB that are based on taking-

credit for post-accident- recovery of failed components (repair or other
non-proceduralized manual actions, such as manually forcing stuck valves
to open) should be reviewed carefully to. ascertain whether the .

identified recovery action is an obvious one to take, and is feasible
given the time and physical constraints.

Credit may be taken for proceduralized implementation of alternative
success strategies to work around a failed component. Licensees that
take this kind of credit should demonstrate that these recoveries are
feasible and are supportable by plant programs such as training, etc.

For human actions that are used to compensate for a basic event*

probability increasing as a result of proposed CLB changes, licensee
actions to ensure operator performance at the level credited in the risk
analysis ~ should also be a part of the CLB change.

For human actions that represent responses to the unavailability of SSCs*

which are impacted by the change, an assessment should be made on
whether the conditions under which the human actions are to be performed
have changed significantly so that the HEP should be modified.

For HEPs that are directly impacted by the change, e.g., as a result of=

a procedure or operating practice, the reviewer should make sure that
the impact has been modeled appropriately. In particular, care should
be taken to check whether HEPs that have been screened out of the model
should now be reinstated.

The reviewer should assess whether any dependencies between HEPs have*

- been altered by the change.

The reviewer should be assured that the set of HEPs used in the PRA is*

internally consistent, and that the proposed changes, if any, are made
consistent with the changes in the performance shaping factors (PSFs)
used by the analysts.

.c. Evaluation Findings

The staff safety evaluation report should include language that is equivalent ;

in effect to the following.
!-

The modeling of human performance is appropriate. i
*

l

Post-accident recovery of failed components is modeled in a defensible ;.

way. Recovery probabilities are quantified realistically. The
formulation of the model shows decisionmakers the degree to which the
apparently low risk significance of certain items is based on credit for
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| recovery of failed components (restoration of component function, as
opposed to actuation of a compensating system).

When human actions are proposed as compensatory measures as part of a*

proposed CLB change, licensee actions to ensure operator performance at
the level credited in the risk analysis -(e.g., by training, procedures,
etc.) are also a part of the CLB change.

A.6 Effects of Truncation Limits Used

a. Area of Review

As a result of computer model and time limitations, the quantification process
to evaluate CDF or LERF would involve cutset truncation either by use of a
cutoff frequency or a maximum cutset order. Since the truncation process
eliminates accident sequences from further consideration, care has to be taken
to ensure that important sequences are not discarded and that the final
results are not sensitive to the truncation limit chosen.

..

b. Review Guidance and Procedures

Acceptability of a truncation value used in the baseline PRA should be j

reviewed as part of the licensee review process. On an application specific
basis, licensees should also demonstrate and reviewers should verify that the
effects of the application on components modeled in the PRA is not restricted
by the truncation criteria chosen. This could include sensitivity studies
using different truncation levels (to selected parts of the model), or by the I
requantification of the base model from the beginning (as opposed to use of a |
pre-solved model) when evaluating the risk for the proposed applications. 1

,

It is preferred that the change in risk from the application is calculated by
the requantification of the base model at the fault tree / event tree level so

; that the potential effects of originally truncated events could be accounted
for should they become important as a result of an application. If model
requantification was not performed or if the application depended on the risk
ranking of SSCs from a pre-solved cutset equation, the reviewer should use the
guidelines provided below.

The reviewer should be assured (either by documentation provided in the
licensee review or by an independent analysis) that cutset truncation has not
introduced errors into the application results or the logic of the PRA that
affect the application. Staff review could also' involve the performance of

i (or the review of) sensitivity studies where the truncation limit is lowered
| for the dominant sequences and event initiators, and a study of the resultant
i cutsets to see if there are any hidden dependencies or unusual / unexpected
i event combinations especially if these involve components affected by the

proposed application.
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Staff review could also include a comparison of a list of the events affected
| by the apolication that is in the final truncated cutset equations to the list

of application-specific basic events used in the fault tree and event tree*

models. This will yield a list of events that did not make it past the.
' truncation process. Documentation should be available that enables the
; reviewer to determine the reason truncated events are not important to the
j risk.

| Finally, in PRA models where common cause failures and human dependencies are
1 incorporated at the sequence level after a truncated set of minimal cutsets
: has been obtained, the reviewer should verify that the. truncation criteria
! used in the PRA do not lead to cutsets involving application specific

,

components being truncated that could be important if common cause failures, !
or human dependencies are considered.

f c. Evaluation Findings )
1>
'

! The staff review should conclude that the licensee has satisfactorily
established that conclusions are not adversely affected by truncation, i.e.,

-
-

.

;

the truncation criteria is sufficiently low to ensure stable results, i;- *

i that is, the magnitude of the CDF or release frequency will not change
as a result of lower truncation limits, and the grouping of SSCs into |,

j risk categories will also not be affected.
i

I the components affected by the application are, for the most part, not*

truncated out of the model. In cases where they are, a qualitative-

i assessment can demonstrate the reasons why they are vaimportant to risk.
-

+

;
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Appendix B INTEGRATED DECISIONMAKING

,

Risk-informed applications are expected to require a process to integrate
traditional engineering and probabilistic considerations to form the basis for
acceptance. In order for this decisionmaking process to be effective in
rendering accurate representations of plant safety and risk, it is expected.

that documented guidance be available to ensure consistent and defensible
resul ts . Such guidance would also allow staff reviewers to reconstruct the
logic and events involved in the integration process.

This appendix discusses issues that should be addressed by the staff during
reviews of the licensee integrated decisionmaking process (sometimes referred

: to as the " expert panel" process by licensees).
$ a. Area of Review

Staff reviewers are expected to evaluate all proposed changes to the CLB
taking into account both traditional and probabilistic engineering
considerations. For each proposed change, the reviewer should evaluate the
licensee justification for the change In cases where licensee results ori

conclusions are in some way counter-intuitive or inconsistent with results for.

similar plants on similar issues, the reviewer may also want to evaluate in
detail the licenses documentation of the process by which the results were
obtained. This would provide a better understanding of the reasons,
assumptions, approaches, and information that were used in the licensee
integrated decision proce:s.

b. Review Guidance and Procedures

Since the licensee integrated decisionmaking process is responsible for the
justification of acceptability of the proposed changes to the CLB, it is

; expected that the process will be documented in a relatively formal fashion.
The staff may not routinely audit all of the licensee findings or
recommendations, but the documentation should exist to support such a review,
and should be maintained for the life of the plant or until such time when the
recommendations are invalidated by later changes.

Staff expectations of the integrated decisionmaking process:

The process should be well-defined, systematic, repeatable, and=

scrutable. This process should be technically defensible and should be
' detailed enough to allow an independent party to raproduce the major
results.

;

Deliberations should be application specific. The objectives proposed*

; for the integrated decisionmaking process for a particular application
' (particularly, how the results are to be utilized) should be well

defined and should be relevant to that application.

B-1 SRP Chapter 19, REV L 03/27/97

.. - -



.

DRAFT FOR COMMENT

Membership in the decisionmaking team should include experienced*

individuals with demonstrated skills and knowledge in relevant
engineering disciplines (depending on the application), plant procedures
and operations, system knowledge including operational history, system
response and dependencies, operator training and response, details of
the plant specific probabilistic risk assessment, and regulatory
guidance.

The decisionmaking team should have been advised of the specifics of all*

proposed changes and the relevant background information associated with
the licensing action. In addition, since the judgement will be based in
part on the results.of a risk analysis, imparting to the team an
interpretation of the results of the risk model and the potential
limitations of this model is important.

The process should take into account the principles and the NRC*

expectations as described in Section 2.1 of DG-1061.

In the formulation of findings, both probabilistic and traditional-

engineering considerations should be taken into account. This should
include information from the risk analysis, traditional engineering
evaluations and insights, quantitative sensitivity studies, operational
experience and historical plant performance, engineering judgment, and
current regulatory requirements. Potential limitations of the risk
model should be identified and resolved. SSCs that are affected Ly the
proposed application but that are not modeled in the PRA should be
considered individually and evaluated based on guidelines similar to I

those provided later in this appendix or in appendix C.2. Finally,
conclusions should be robust to different plausible assumptions and
analyses.

When findings or conclusions are based in part on the use of |
*

compensatory measures, justification should be provided as to why the |
compensatory measures are an appropriate substitute for a proposed

,

relaxation in current requirements. The compensatory measure should |become part of the plant licensing basis.

Technical information basis:

In many risk-informed pilot applications, integr&ted decisionmaking panels
have been utilized in cases where there are broad applications of PRA and
traditional engineering results over a large number of plant SSCs to justify
changes to the CLB. In cases such as these, it is expected that the
information base supplied to the integrated decisionmaking panel is capable of
supporting the findings that should be made in the context of the specific
risk-informed application. For example, in risk quantification and riu
categorization type of applications, the following should be applicable.

B-2 SRP Chapter 19, REV L 03/27/97
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At least the level 1 portion of the internal events PRA should be-

formulated in such a way as to support quantification of a change in
risk (A CDF and a LERF) and importance measures, and should provide
qualitative (minimal cutset) information adequate to support defense-in-
depth findings.

There should be an inventory of plant response capability for*

probabilistically significant operating modes and initiating event
categories (internal, external, flood, fire, seismic, etc.). Given a
full scope level 2 PRA, this requirement could be satisfied by an
inventory of event tree success paths, with an indication of the mission
success criteria, systems, and SSCs involved in each path. Lacking a
full scope level 2 PRA, surrogate information should be developed for
unanalyzed areas, along the lines described in Section 11.3.2.2. This
requirement is necessary in order to show the safety functions performed
by SSCs affected by the application.

Causal models (determination of cause-effect relationships) should be*

developed to support quantification of basic event probability as a
function of the application. This is necessary in order to relate the
application to actual risk indices.

Documentation of inputs to the decisionmaking panel should be part of the
process. The reviewer should verify the scope and depth of the information
base, especially information supplied regarding modes and/or classes of
initiators unanalyzed in the PRA.

Treatment of SSCs not Modeled in the PRA:

PRAs do not model all SSCs involved in performance of safety functions for
various reasons. However, this should not imply that unmodeled SSCs are not
important in terms of contributions to the plant risk. For example, in some
cases SSCs are omitted based on analysts taking credit for programmatic
activities that ensure a low failure frequency for that item or a short fault ~

exposure time in the event that it does fail. In such cases, when PRA results
will not reflect the SSC at all, it would be inappropriate to conclude that
the programmatic activity is unimportant.

It is one of the tasks of the integrated decisionmaking panel to extrapolate
from the PRA and other information sources to draw conclusions about SSCs not
modeled in the PRA. This does not mean that the panel is to impute to the PRA
high-level results that were not generated in the analysis; it does mean that
if a success path is modeled in the PRA, the panel is justified in reasoning
that unmodeled SSCs in that path are relied upon. If items were screened from
the PRA, the panel should be aware of the screening process, in order to avoid
violating the basis for the screening.

For SSCs not modeled in the PRA, the reviewer should verify that the
decisionmaking panel has performed the following:

B-3 SRP Chapter 19, REV L 03/27/97
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1 * reviewed the PRA assumption base for instances in which initiators were
screened out on the basis of credit for SSCs affected by the

; application;

; reviewed plant operating history for initiating events whose occurrencea

might have been prevented by the proposed application;

reviewed plant operating history for failures of mitigating system'

*

i trains as a result of events that might have been prevented by the
proposed application;

reviewed accident sequence modeling for instances in which early=,

termination of the analysis obscured challenges to affected SSCs that-

; would normally come into play later than the termination point.

Possible dispositions of the above include the following:

the item will not affect initiating event frequency or mitigating system l
a

performance under reasonably foreseeable circumstances, and the proposed;

; change is warranted; .

; the item, although unmodeled, already receives and will continue toa
'

receive programmatic attention commensurate with its significance. In
cases where reduced commitments are proposed, adequate justification is,

! provided for this reduction;
i

the item does not currently receive sufficient programmatic attention,a,

| and may be subject to tighter controls.

The reviewer should verify that the safety significance of SSCs not modeled in ;

the PRA (but affected by the proposed application) are appropriately
characterized and justified.

i

l

Addressing limitations of the risk analysis:

Part of the integrated decisionmaking process is to overcome certain
; limitations of the PRA. However, this does not include substituting the

analyst's judgment for essential PRA results. One of the reasons for
.

developing PRA models is that the complexity of many facilities makes judgment#

difficult in many contexts.
;

Generally, if PRA highlights a plant vulnerability, this should be taken
seriously. This result should not be discounted on the basis of judgment. If,

: the analyst can show that the PRA representation of a vulnerability is
invalid, then the PRA should be modified, and the licensee should work with

,

: the results of the revised PRA.
1

; To address-the issue of credit for unmodeled systems that would change a PRA

B-4 SRP Chapter 19, REV L 03/27/97
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result, the preferred method is to alter the PRA to take the credit. The
reviewer should be aware that there are potentially cases in which credit for
an unmodeled system would be seriously complicated by issues of shared support i

systems, environmental conditions, or other factors such as spatial j
in M raction issues or operator interaction dependencies.

To address the issue of making decisions about SSCs that might influence plant
response in unmodeled modes or to unmodeled initiators, the acceptable
approach is to proceed on the basis of a structured representation of plant
response that shows at least qualitatively what initiating events partain,
what systems are available to respond to each, functional dependencies of
these systems at the train level, and in particular, what backups are
available in the event of failure of any particular SSC. While it is possible
to accept program reductions for SSCs that are explicitly shown to play no
role in unanalyzed modes, it is much more difficult to accept reductions for
components that do play a role in unanalyzed (e.g., shutdown) modes. For such
instances, conservative methods will be considered prudent.

To address instances in which a PRA model exists but is considered misleading,
caution is indicated. An example of this would be to down-classify SSCs
(i.e., state that a high risk contributor is actually a low contributor) from
a PRA result, based on panel judgment. It is not acceptable to place on the
record both a PRA and a finding that clearly contradicts it. Although the
panel is not expected to take the PRA as absolute truth, the test should be
whether the record establishes a clear basis for a finding. A technical
argument that begins with the misleading PRA result and furnishes
supplementary information sufficient to justify a relatively minor change to a
PRA result, or a qualified interpretation of a PRA result, is satisfactory. A

cursory technical argument leading to a conclusion that qualitatively
contradicts a major PRA result is an unsatisfactory record.

c. Evaluation Findings

The following language, or language substantially equivalent to this, should
appear in the SER, or else exceptions should be noted and explained.

The integrated decisionmaking process is appropriate. Appropriate.

information was available, suitable issues were raised, the disposition
of these issues was systematic and defensible, and the documentation of
the findings is traceable and reviewable in principle, so that the basis
for conclusions and recommendations is available for scrutiny and
review.

The evaluation of risk significance represents appropriate consideration.

of probabilistic information, traditional engineering evaluations,
sensitivity studies, operational experience, engiceering judgment, and
current regulatory requirements.
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The technical .information basis was adequate for the scope of 1m*
7

application. In particular, the analysis.of success and failure,

scenarios was adequate to identify the roles played by the SSCs affected
by the application, the quantification of-the frequency of these,

scenarios was adequate to establish the safety significance of the SSCs,
and the causal models were adequate to establish the effects of the

| proposed changes in the. program.
:

The safety. significance of components affected by the proposed*

application but not modeled in the PRA was evaluated in a systematic4

This included a search of components that might contribute tomanner.
initiating event occurrence, mitigating system components that were not'*

modeled in the PRA because their failure was not expected to dominate
system failure in the baseline configuration, and components in systems
that do not play a direct role in mitigation but that interface with
mitigating systems.

The process applied by the licensee to overcome limitations of PRA was*

appropriate. Where decisions were made that do not follow straight-
forwardly from the PRA, a technical basis was provided that shows how
the PRA information and the supplementary information validly combine to
support the finding. No findings contradict the PRA in a fundamental
way.

l
|

i

1
'|
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Appendix C CATEGORIZATION OF STRUCTURES, SYSTEMS, AND COMPONENTS WITH

RESPECT TO SAFETY SIGNIFICANCE |

For several of the proposed applications of the risk-informed regulation
process one of the principal activities is the categorization of SSCs and
human actions with respect to their safety-significance. The purpose of this
Appendix is to discuss how to review approaches that may be used in this
categorization process.

The first review consideration is the definition of safety-significance as
applied to SSCs and human actions for a specific application. A related, but
not identical concept, is that of risk significance. For example, an
individual SSC can be identified as being risk-significant if it can be
demonstrated that its failure or unavailability contributes significantly to
the measures of risk, e.g., CDF and LERF. Safety-significance, on the other
hand, can be thought of as being related to the role the SSC plays in the
prevention of the occurrence of the undesired end state. Thus the position
adopted in this SRP is that all the SSCs and human actions considered when
constructing the PRA model (including those that do not necessarily appear in
the final quantified model, either because they have been screened initially,
assumed to be inherently reliable or have been truncated from the solution of
the model) have the potential to be safety significant, since they play a role
in preventing core damage.

In reviewing the categorization, it is important to recognize the purpose
behind the categorization, which is, generally, to sort out the SSCs or human
actions into two general groups: those for which some change is proposed; and
those for which no change is proposed. It is the potential impact of the
application on the particular SSCs and human actions and on the measures of
risk which ultimately determines which of the SSCs and human actions should be
regarded as safety-significant. Since different applications impact different
SSCs and human actions, it is reasonable to expect that the categorization
could be different for the different applications. Thus the question being
addressed by the application is, for which groups of SSCs and human actions
can the change be made such there will be no more than insignificant increase
in the risk to the health and safety of the public. This impact on overall
risk should be related back to the criteria for acceptable changes in the risk
measures identified in draft guide DG-1061. It is those groups for which
changes can be made that satisfy these criteria that can be regarded as low
safety-significant in the context of the specific application. Thus, the most
appropriate way to address the categorization is through a requantification of
the risk measures. However, the feasibility of performing such risk
quantification has been questioned fer those applications for which a method
for the evaluation of the impact of the change on SSC unavailability is not
obviously available.

In the above case, an acceptable alternative to requantification of risk is
to perform the categorization of the SSCs and human actions using an
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integrated decisionmaking process (such as the use of an Expert Panel), based
on the use of PRA importance measu.res as input. The issues that should be
addressed by the reviewer for this approach are discussed in this appendix.
Section C.1 discusses the technical issues associated with the use of PRA
importance measures, and Section C.2 discusses the use of the importance:

; measures by the decisionmaking panel.

C.1 Use of Imoortance Measures

a. Area of Review

In the implementation of the Maintenance Rule and in many industry guides for
the risk-informed applications, the Fussell-Vesely Importance, Risk Reduction
Worth, and Risk Achievement Worth are the most commonly identified measures in
the relative risk ranking of SSCs. However, in the use of these importance
measures for risk-informed applications, there are several issues that should
be addressed. Most of the issues are related to technical problems which can
be resolved by the use of sensitivity studies or by appropriate quantification
techniques. These issues are discussed in detail in the sub-section below.
In addition, there are two issues that the reviewer should insure have been

~

addressed adequately, namely a) that risk rankings apoly only to individual
contributions and not to combinations or sets of contributors, and b) that
risk rankings are not necessarily related to the risk changes which result

*.
from those contributor changes. When performed and interpreted correctly,
. component-level importance measures can provide valuable input to the

4 integrated decisionmaking process.
i

b. Review Guidance and Procedures

Risk ranking results from a PRA can be affected by many factors, the most
important being model assumptions and techniques (e.g., for modeling of human
reliability or common cause failures), the data used, or the success criteria
chosen. _ The reviewer should therefore perform an evaluation of the licensee

_

:
2 PRA as part of the overall review process. Guidance for this review is
; provided in Appendix A.
.

In addition to the use of a PRA of appropriate quality for the application,1

the robustness of risk ranking results should also be demonstrated for
conditions and parameters that might not be addressed in the base PRA.
Therefore, when importance measures are used to group components or human
actions as low safety-significant contributors, the information to be provided

2 to the integrated decisionmaking process should include sensitivity studies
and/or other evaluations to demonstrate the sensitivity of the importance
results to the important PRA modeling techniques, assumptions, and data.
Issues that should be considered and addressed are listed below.

Different risk metrics: The reviewer should ensure that risk in terms of both
CDF and LERF is considered in the ranking process.

C-2 SRP Chapter 19, REV L 03/27/97
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Completeness of risk model: The reviewer should ensure that, when determining
safety significance contributions using an internal events PRA, external
events and shutdown and low power initiators have also been considered either
by PRA modeling or by the integrated decisionmaking process (as detailed in
section C.2 and in Appendix B).

Sensitivity analysis for component data uncertainties: The sensitivity of i

component categorizations to uncertainties in the parameter values should have l

been addressed by the licensee. Reviewers should be satisfied that SSC j

categorization is not affected by data uncertainties. ;

Sensitivity analysis for common cause failures: CCFs are modeled in PRAs to
account for dependent failures of redundant components within a system. As
discussed in Appendix A, CCF probabilities can impact PRA results by enhancing

.or obscuring the importance of components. This should be addressed by the
review. A component may be ranked as a high risk contributor mainly because
of its contribution to CCFs, or a component may be ranked as a low risk
contributor mainly because it has negligible or no contribution to CCFs. In
RIR, removing or relaxing requirements may increase the CCF contribution,
thereby changing the risk impact of an SSC. ~

Consideration of multiple failure modes: PRA basic events represent specific
failure events and failure modes of SSCs. The reviewer should determine that
the safety significant categorization has been performed taking into account
the combined effect of all associated basic PRA events, such as failure to
start and failure to run, including indirect contributions through associated
CCF event probabilities.

Sensitivity analysis for recovery actions: PRAs typically model recovery
actions especially for dominant accident sequences. Quantification of
recovery actions typically depends on the time available for diagnosis and
performing the action, training, procedure, and knowledge of operators. There
is a certain. degree of subjectivity involved in estimating the success-
probability for the recovery actions. The concerns-in this case stem from
situations where very high success probabilities are assigned to a sequence,
resulting in related components being ranked as low risk contributors.
Furthermore, it is not desirable for the categorization of SSCs to be impacted
by recovery actions that sometimes are only modeled for the dominant
scenarios. Sensitivity analyses can be used to show how the SSC
categorization would change if recovery actions were removed. The reviewer
should ensure that the categorization has not been unduly impacted by the
modeling of recovery actions.

Truncation limit: The reviewer should determine that the truncation limit has
been set low enough so that the truncated set of minimal cutsets contain the
significant contributors and their logical combinations for the application in
question and be low enough to capture at least 95 percent of the CDF.
Depending on the PRA level of detail (module level, component level, or piece-
part level), this may translate into a truncation limit from 1E-12 to 1E-8 per
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reactor year. In addition, the truncated set of minimal cutsets should be I
determined to contain the important application-specific contributors and |their logical combinations.

i

?
Multiple component considerations: As discussed previously, Importance !measures are typically evaluated on an individual SSC or human action basis.
One potential concern raised by this is that single-event importance measures |
have the potential of dismissing all elements of a system or group despite the l

system or group having a high importance when taken as a whole. (Conversely, Ithere may be grounds for screening out groups of SSCs, owing to the
i

unimportance of the systems of which they are elements.) There are two j
potential approaches to addressing the multiple component issue. The first is
to define suitable measures of system or group importance. The second is to
choose appropriate criteria for categorization based on component-level
importance measures. In both cases, it will be necessary for the licensee to I
demonstrate that the cumulative impact of the change has been adequately |
addressed.

While there are no widely-accepted definitions of system or group importance
,

measures, it is likely that some licensees will develop new system or group |
measures. If any are proposed, the reviewer should make sure that the '

measures are capturing the impact of changes to the group in a logical way.
|As an example of the issues that arise consider the following. For front-line |

systems, one possibility would be to define a Fussell-Vesely type measure of |
system importance as the sum of the frequencies of sequences involving failure I

of that system, divided by the sum of all sequence frequencies. Such a
measure would need to be interpreted carefully if the numerator included

|

contributions from failures of that system due to support systems. Similarly,
a Birnbaum-like measure could be defined by quantifying sequences involving '

the system, conditional on its failure, and summing up those quantities. This
would prc"ide a measure of how of ten the system is critical. However, again
the support systems make the situation more complex. To take a two-division
plant as an example, front-line failures can occur as a result of failure of
support division A in conjunction with failure of front-line division B.
Working with a figure of merit based on " total failure of support system"
would miss contributions of this type.

In the absence of appropriately defined group level importance measures,
reliance should be made on the integrated decisionmaking process to make the
appropriate determination (see section C.2).

Relationship of Importance Measures to risk changes: 1portance measures do
not directly relate to ':hanges in risk associated with T.olementation of a set
of changes proposed in an application. Instead, the r impact is indirectly
reflected in the choice of the value of the measure useu to determine whether
an SSC should be classified as being of high and low safety significance.
This is a concern whether importances are evaluated at the component or at the
group level . The PSA Applications Guide suggested values of Fussell-Vesely
importance of .05 at the system level, and .005 at the component level for
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example. However, the criteria for categorization into low and high,

significance should be related to the acceptance guidelines for changes in CDF
.

and LERF. This implies that the criteria should be a function of the base
.

case CDF and LERF rather than being fixed for all plants. Thus the reviewer
should determine how the choice of criteria are related to, and conform with,
the acceptance guidelines described in draft guide DG-1061. If component

j level criteria are used, they should be established taking into account that
' the allowable risk increase associated with the change should be based on

simultaneous changes to all members of the category. I

|

c. Evaluation Findings )
1
'' The reviewer verifies that the information provided to the integrated

decisionmaking process on the determination of risk importance of contributors.

for a specific application is robust in terms of model inputs and assumptions'

! and " uncertainty" issues like common cause failure modeling and modeling of
human reliability, and that the categorization addresses the effect of the on"

groups of components in a way that is compatible with the risk acceptance,

guidelines.
i

C.2 Role of Intearated Decisionmakina in Component Cateaorization .

a. Areas of Review
t

While probabilistic importance analysis can provide valuable information on
categorization, it should be supported and supplemented by an evaluation based

; on traditional engineering considerations. This will require using the
; qualitative insights obtained from the PRA, and the incorporation of the
; consideration of maintenance of defense-in-depth and the maintenance of

sufficient safety margins. One important element of this integrated,

i decisionmaking can be the use of an " expert panel". General review guidelines
for the licensee integrated decisionmaking process are provided in Appendix B
of this SRP.

b. Review Guidance and Procedures

Identification of functions, systems and components important to safety: The
PRA can provide significant qualitative insights that emerge simply from
consideration of whether and how systems are invoked in particular scenarios.
If a front-line system is credited in success paths, then it is in some sense
"important," and at least some of its SSCs must also be, in some sense,
important, even if a given single-event importance measure does not reflect
this. However, the real importance of a system is a function of whether there
are alternate, diverse systems that could fulfil the same function, those
systems which are the only means of providing the function being more
important than those for which there are viable alternatives. A system that
supports an important front-line system could also be important. This does
not mean that all such systems cannot be candidates for relaxation in current
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requirements,.it does mean that components in system trains credited.in the
PRA should be explicitly considered during the integrated decisionmaking
process.

L
| The reviewer, either by evaluation of licensee documentation or. by independent

verification, should:

. identify al_1 systems that are relied upon in plant response to an| *

initiating event,.whether explicitly modeled in the PRA or not (e.g.,
| HVAC, I&C associated wits indications rather than control), and identify
! the function (s) they perform or support; and

check to see whether failure of components screened out on the basis ~a

that they are elements of " unimportant" systems could affect a' system
'

( that-is relied upon in plant response to an initiating event.
|

!
| The reviewer thould then verify that at least some elements of each of the !

important systems as identified above are considered " safety significant'." If
. this is not the case, then the reviewer should ascertain what performance is
i allocated to these' items in the PRA, 'and ascertain whetherathe programmatic

activities allocated to these elements are commensurate with that performance
level . If a system .- identified as being important but none of its elements
is, then licensee justification should be reviewed in detail.

As an example consider the case of a system that contains many redundant
flowpaths. Single-event importance analysis will tend to dismiss the ;

flowpaths one at a time, effectively dismissing the group as a whole. The ',

focus of- the above guidance is that the redundant flowpaths, considered as a
subsystem, and recognizing the function they perform, are important and
deserve some attention,-even though conventional importance measures would not
highlight them. :However, in the case of redundant systems, the solution need

-- not always be to assign every redundant path to the high risk contributor
-category. In this example, especially if the paths are essentially similar,
it is arguably necessary to consider common cause failure and a program that
addresses common cause failure potential by monitoring component performance
may provide the necessary protection against loss of the function while still
allowing a decrease in some level of commitment on the individual members of
the group.

Verification of low safety significance: As part of the evaluation of the
-qualitative risk-informed categorization, the integrated decisionmaking

jprocess and criteria used by the licensee should be reviewed.
q

'

In reviews of the licensee determination of low safety significance for SSCs
'

or operator actions, the staff should verify that risk importance measures !have been applied appropriately and that results of sensitivity studies have |been taken into account. In addition, the reviewer should verify that the ;

licensee-has considered and has compensated for factors such as potential
inadequate scope and level of detail of the PRA (see sections 11.3.2.2 and

| C-6 SRP Chapter 19, REV L 03/27/97
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II.3.2.3). Finally, the reviewer should verify that, in categorizing an SSC
or operator action as low safety significance, the licensee has considered the
defense-in-depth philosophy and available safety margins. Review guidance on
these topics is provided in Section 11.3.1 of this SRP.

For SSCs not modeled in the PRA, the reviewer should verify that the following
conditions are applicable for each SSC that has been proposed as a candidate
for relaxation or removal of current requirements:

the SSC is not a part of a system that acts as a barrier to fission=

product release during severe accidents

the SSC does not perform a support function to a safety function or doesa

not complement a safety function

the SSC does not support operator actions credited in PRAs for eithera

procedural or recovery actions

the failure of the SSC will not result in the eventual occurrence of a-

PRA initiating event =

the failure of the SSC will not result in unintentional releases of*

radioactive material even in the absence of severe accident conditions

If any of the above conditions are applicable, or if SSC performance is
difficult to quantify, the licensee should have used a qualitative evaluation
process to determine the impact of relaxing requirements on equipment
reliability / performance. This evaluation should include an identification
of those failure modes for which the failure rate may increase, and the
failure modes for which detection could become more difficult. The reviewer
should then ve"ify that one or more of the following justifications (or
similar) were provided by the licensee:

a qualitative discussion and historical evidence why these failure modes*

may be unlikely to occur;

a qualitative engineering discussion on how such failure modes could be-

detected in a timely fashion;

a discussion on what other requirements may be useful to control such*

failure rate increases; and

a qualitative engineering discussion on why relaxing the requirements*

may have minimum impact on the failure rate increase.

c. Evaluation Findings

The SER should incorporate language substantially equivalent to the following.
Exceptions, if any, should be noted and explained.

C-7 SRP Chapter 19, REV L 03/27/97
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The categorization of the SSCs or human actions has adequately captured*

their significance to safety,.and has been performed in such a way that
the potential impact of the proposed application results in at most a
small increase in the risk to the health and safety of the public. The
input to the integrated decisionmaking process derived from Importance
measures has been utilized taking into account the known limitations of
importance calculations, and the results have been supplemented by
appropriate qualitative considerations.

The integrated decisionmaking process explicitly recognized systems-

invoked in plant response to initiating events, and ensured that
components within these systems are considered for programmatic
attention in areas (IST, ISI, etc.) appropriate to their performance

; characteristics and to the level of performance needed from them.

"

J

,
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The NRC's Policy Statement on the use of probabilistic risk analysis (PRA) in
nuclear regulatory activities encourages greater = use of this analysis
technique to improve safety decision making, reduce unnecessary burden and j
improve regulatory efficiency. A number of NRC staff and. industry activities '

are in progress to consider approaches for expanding the scope of PRA
|applications in regulatory activities.
I

Several activities are ongoing which consider appropriate uses of PRA in "

support of the modification of individual plant's current licensing basis
(CLB) and a number of pilot applications with proposed CLB changes are now
under staff review.

This Standard Review Plan (SRP) chapter describes review procedures and
acceptance guidelines for NRC staff reviews of proposed p1' ant-specific, r.isk-
informed changes to 'a licensee's inservice testing (IST) program. The review
procedures contained in this SRP are consistent with the acceptable methods
for implementing a risk-informed IST (RI-IST) program described in DG-1062
(reference 2). Licensees may propose RI-IST programs cons'istent with the
guidance provided in DG-1062, propose an alternative approach for implementing
a RI-IST program (which must be demonstrated to be consistent with the
fundamental principles identified -in Section II. A.9), or maintain their IST.
programs in accordance with the ASME Code as referenced in 10 CFR 50.55a.

fIt is the.NRC staff's intention to. initiate rulemaking as necessary to permit
licensees to implement RI-IST programs, consistent with this SRP chapter,
without having to get NRC approval of.an alternative to the ASME Code
requirements pursuant to 10 CFR 50.55a(a)(3). Until the completion of such
rulemaking, the staff anticipates reviewing and approving each licensee's RI-
IST program as an alternative to the current Code required IST program (e.g'.,
including alternative test frequency, test methods, and program scope
requirements). As such, the licensee's RI-IST program will be enforcable
under 10 CFR 50.55a.

The current ASME Code inservice testing requirements, as endorsed in 10 CFR
50.55a, have been determined to provide reasonable assurance that public

. health and safety will be maintained. The individual ASME Code committees

'

i Rev 2C, 3-13-97
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concerned with inservice testing of pumps and valves continually review these
testing strategies to develop improvements to the existhg Code requirements.

. Changes to the ASME Code, either as new Code editions or Code Cases, are
subject to review and approval by the NRC to ensure that the new testing'

requirements maintain an adequate level public health and safety. A risk-
informed inservice testing program, if properly constructed, will also provide

!an acceptable level of quality and safety by evaluating and possibly improving
the test effectiveness for the high safety'significant components (as j
identified by the licensee's PRA and integrated decision making process) in -

conjunction with the relaxation of testing requirements (e.g., test frequency)
for the low safety significant compo'nents.

i

:

.

:

.
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! 3.9.7 RISK-INFORMED INSERVICE TESTING

,

i REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (EMEB)
Secondary - Probabilistic Safety Assessment Branch (SPSB)

1. DEFINE THE PROPOSED CHANGES TO THE IST PROGRAM

The licensee's risk-info'rmed inservice testing (RI-IST) submittal should have
defined the proposed changes to the IST program in general terms. The
licenseeshouldhaveconfirmedthattheplantispesignedandoperatedin
accordance with the, current licensing basis (CLB) and that the PRA used in
support of their RI-IST program submittal reflects the actual plant. The
licensee should have identified the particular components that would be
affected by the proposed changes in IST strategy. This should include all of
the components currently in the licensee's IST program as well as any other

' This regulatory guide adopts the 10 CFR Part 54 definition of cu'rrent
licensing basis. That is, " Current Licensing Basis (CLB) is the set of NRC
requirements applicable to a specific plant and a licensee's written
comitments for ensuring compliance with and operation with in applicable NRC
requirements and the plant-specific design basis (including all modifications
and additions to such comitments 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 and
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 in the most recent final safety analysis
report (FSAR) as required by 10 CFR 50.71 and the licensee's comitments

' remaining in effect that were made in docketed licensing correspondence such
as licensee responses to NRC bulletins, generic letters, and enforcement
actions, as well as licensee comitments documented in NRC safety evaluations
or licensee event reports."

3.9.7-1 Rev 2C, 3-13-97.
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components that the licensee's integrated decision making process categorized.

i as being highly safety significant. The method used by the licensee to
categorize components should be described. There should also be a detailed,

'

description of how the proposed RI-IST program affects the CLB of the plant
and why these proposed changes are acceptable. If exemptions from specific
regulations, technical specification amendments, or relief requests are;

required to implement the licensee's proposed RI-IST program, the appropriate
!

-

requests should accompany the licensee's submittal. Specific revisions to4

'

testing schedules and methods should be described as well as implementation,

plans and schedules.
4

; The licensee should also have described the proposed IST program change in
|- terms of how it meets the objectives of the Commission's PRA Policy Statement,

including enhanced decision making, more efficient use of resources, and,

! reduction of unnecessary burden. The description may consider benefits from
; the CLB change such as reduced fiscal and personnel resources and radiation
; exposure, as well as improvements in reactor safety,
i

The reviewer should familiarize herself or himself with the licensee's entire |submittal before initiating the detailed review described in the following isections. In short, the reviewer should first develop an understanding of the ;proposed change in terms of:,

i

F ;

i the particular components that would be affected by the proposed i*

i changes in IST strategy, '

.

L * the plant. systems involved with the proposed changes in IST
strategy,'

;

the change in testing strategy (i.e., test frequency and methods)*

proposed for each component or group of components,
4

i * its affect on the current, licensing basis, and

its overall effect on plant risk.*

t
~

Section 6 of' reference 2 contains a more detailed description of the
I documentation that should have been submitted by the licensee in conjunction
j with its proposed RI-IST program.

:

II. AREA OF REVIEW
;

; A.. ENGINEERING EVALUATION -

| 1. Evaluation of Proposed Changes to the current Licensing Basis
;

After the licensee determined which components are candidates for having their;

j- inservice test requirements relaxed and which components should be subjected
.

3.9.7-2 Rev 2C, 3-I3-97
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to more focused inservice tests, the licensee should have conducted an
engineering evaluation of proposed changes to the IST program. The purpose of
this engineering evaluation is to determine the acceptability of the proposed
- IST program changes in light of the current licensing basis of the plant and

-

risk impact of the changes. In particular, the status of license comitments
that would be changed as a result of the proposed RI-IST program should have
been clarified explicitly and formally. Either commitments were not affected
by the proposed changes, or the alterations in commitment status were
identified, described, and revised commitments were made.-

2. IST Program Scope

In developing RI-IST programs, licensees will likely identify structures,
systems, and components (SSCs) with high risk significance which are not
currently subject to traditional Code requirements or subject to a level of
regulation which is commensurate with their risk significance. It is expected
that licensees will propose RI-IST programs that will subject these SSCs to
the appropriate level of. regulation, consistent with the risk significance of
the SSC. Specifically, licensee's' RI-IST program scope should include, in
addition to components in the current Code prescribed IST program (e.g.,
components required to perform a specific function in shutting down a reactor
to a cold shutdown-condition, in maintaining the cold shutdown condition, or
in mitigating the consequences of an accident), those ASME Code Class I, 2, &
3 and non-Code components that the licensee's integrated decision-making
process categorized as highly safety significant and determined to be
appropriate candidates for IST.

The staff's basis f'or reaching its conclusion that the licensee's ' proposed RI- :

IST program "provides an acceptable level of. quality and safety" will be
predicated, in part, on the licensee's use of PRA to identify the appropriate :

scope of components that should be included in a RI-IST program as well as to |
evaluate test requirements (i.e., test methods and frequency) to ensure the !

validity of PRA assumptions. In other words, if the PRA is to be used as the
basis for categorizing components and for evaluating the acceptability of the ,

overall change in plant risk associated with the proposed RI-IST program j

(e.g., ACDF, ALERF) then the PRA assumptions relative to component reliability I

and availability must be preserved. Consequently, for IST components within i
Ithe scope of the licensee's proposed RI-IST program, we would expect the

licensee to examine the test strategies currently in place and, where
appropriate, modify the test strategy (See Section III.A.3).

.

To preserve the PRA assumptions which form the basis for the acceptability of
the IST program changes, certain non-Code components may need to be included
in the RI-IST program. The justification for inclusion of non-code com7onents
into the IST program can be derived from the role these components play in
justifying the acceptability of changes to the IST program for components !

currently within the code. PRA systematically takes credits for non-code
structures, systems, and components (SSCs) as: I) providing support to, or 2)
alternatives to, and 3) back-ups for SSCs within the current code. Thus, the

'

3.9.7-3 Rev 2C, 3-13-97
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!

relaxation of requirements for safety-related SSCs depends upon the proper;

operation and reliability attributed to high-safety-significant yet non-code:

; SSCs.

| 3. IST Program Changes
i

*

The licensee's submittal should describe the considerations (e.g., component
*

performance, service condition, risk significance) that went into establishi.ng'

the proposed RI-IST frequencies and methods.

4. Relief' Requests and Technical specification Amendments
,
. .

! While implementation of the licensee's overall RI-IST program may be
j authorized by a change to the regulations or via NRC authorizing an
; alternative pursuant to 10 CFR 50.55(a)(3), specific details of the licensee's
i RI-IST program may require exemptions from other regulations, technical
: specification changes, or require relief from provisions of NRC approved Codes
4 or Code cases. The license should have included in their RI-IST program
! submittal the necessary exemption requests, technical specification amendment
! requests, relief requests, and relief requests necessary to implement their

RI-IST program (See Section III.A.4).,

:
1 5. Quality of the PRA for IST Application
.

; Since the quantitative results of the PRA are to play a major and' direct role
! in decision-making, there is a need to ensure that they are derived from

" quality" analyses. . Review guidance in quality issues for the licensee's.:

i baseline PRA is provided in the general regulatory guide for risk informed
{ decision making (Reg Guide DG-1061) and in the general SRP for risk informed

regulation (Chapter 19 of the SRP). The required scope and level of detail of
'

the PRA are also discussed in the general Reg Guide and SRP. The review of
IST-specific issues, i.e., those pertaining to areas most directly related to;

j IST, are discussed in this.IST SRP.
!

! 6. Modeling of the Effects of IST on PRA Basic Events
i

'

One of the requirements for the acceptability of a risk informed IST program,

is a quantitative demonstration by use of a PRA of sufficient quality that;

| changes to plant risk caused, by the proposed extension in testing intervals or
;. changes in test methods for selected components are small or are reductions

and should not cause the NRC Safety Goals to be exceeded (See reference 1).
In order to establish this demonstration, it is necessary that the PRA include"

i models which appropriately account for the change in reliability of the
[ components as a function of testing interval. For many purposes, it is also

desirable to model the effects of enhanced testing methods. Components not
i modeled in the PRA should be evaluated and categorized with appropriate basis.

t 7. Categorization of Components
j

:

) 3.9.7-4 Re'v 2C, 3-13-97
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The identification of components as potential candidates for changes in IST >

intervals or test methods can be done in many ways. Component categorization
'

using PRA importance measures to classify structures, systems, and components
(SSCs) into high and low risk contributors is one of the acceptable methods.
The results from this importance analysis can then be one of the inputs to the
licensee's integrated decision-making process (e.g., expert panel) to help

,

determine the safety significance of the IST components.,
.

In addition to the determination of risk importance contribution for input to,

the licensee's integrated decision-making process, the determination of-

: potential risk contribution from SSCs' by PRA importance determination can be
i useful for the following reasons:
4

When performed with a series of sensitivity evaluations, it can identifyj - *

potential risk outliers by identifying components which could dominate
risk for various plant configurations and operational modes, PRA model
assumptions, and data and model uncertainties..

Importance categorization can provide a useful means to identify*

improvements to current IST practices during the risk-informed
application process by . identifying components that are high risk
contributors which may benefit from more frequent tests or enhanced
testing methods.

.8. Other Technical Issues

a. Initiatina Events
,

While completely new initiating events are not. expected from proposed changes
to IST programs, it is necessary to review whether initiating events
previously screened out'in the PRA, on grounds of low frequency, might now be
above the screening tnreshold as a result of an IST program change. Examples
would be events that are (a) relatively infrequent to begin with, (b)
mitigated satisfactorily by closure of an isolation valve, and (c) not

~

analyzed because of a combination of low frequency of event "AND-ed" with a
' low probability of' valve failure. If such events increased in frequency as a
result of an IST program change, then the scope of consideration would need to
change to reflect this.

b. Dependencies and Comon Cause Failures (CCFs)

Common cause failures (component hardware failure dependencies) cover the
failures of usually identical components that are usually caused by design,
manufacturing, installation, calibration, maintenance, or operational
deficiencies. Because they can fail more than one component at the same time,
CCFs can dominate plant risk.

A change in IST has the potential of affecting the CCF probabilities since
similar test methods and frequencies are being proposed for pumps or valves as

3.9.7-5 Re'v 2C, 3-13-97*

'

.

9

_- _ _ _ _ _ _ _ - - _ -__ y _ ---- - -- , , . - , _ .-



. _ . . _ - _ . _ _ _ _ _ _. _.._._._. _ _ _ ___ ._ _ __

:
s

i

| DRAFT FOR COMMENT

a group. For these components, CCF probabilities could be low or might not,

| even be included in the baseline PRA models based on the historical and
; engineering evidence driven by current requirements. With proposed changes in-

IST frequencies and methods, there should be assurance that the CCF !;

contribution will not become so significant that it could affect satisfying |
>

] the acceptance criteria (See reference 1). !
4

! c. Uncertainty and Sensitivity Analyses

I This issue consists of two parts. The first part deals with uncertainties in
the baseline PRA that is used as the basis for the IST risk evaluation. A

'

. discussion for the need and criteria for an evaluation of uncertainties in the
| base PRA is provided in the general Reg Guide and SRP.

| The second part of this issue is the matter of uncertainties in the estimates
. of the change in risk resulting from implementation of the risk informed IST
| program. If the licensee provides a best estimate indication of the change in
| risk, then an estimate of uncertainties is necessary in order to make a

rational decision on the acceptability of the change. On the other hand, if>

! the licensee provides an upper bound estimate of the change in risk based on a *
demonstrably conservative analysis, then an uncertainty analysis is not-

required.

; d. Human Reliability Analysis
i

The results of a PRA, and therefore the decisions that are influenced by it,
can be influenced by modeling of human reliability. Plant safety depends:

j significantly on hunian performance, so it is essential that PRAs treat it ,

! carefully. However, the modeling of human performance is a relatively
! difficult area; significant variations in approach continue to be encountered,
j and these can significantly influence the results. In addition to the

variability issue, there are, in the IST area, questions related to what kind3

i of human actions can appropriately be credited in the context of a particular
q- regulatory finding. As an example, suppose that PRA results appear to support

i relaxation of a test interval based on the argument that even if the component
! fails, its failure can be recovered with high probability by operator actions
i outside the control room. The issues of concern here are whether the modeling
. of the operator action and the evaluation of the failure probability is i
! appropriate, and whether this kind of credit is an appropriate measure.to
; support justification of a relaxation. Consistent with maintenance of defense
! in depth, operator action should not be the sole basis for determining that a
! testing interval can be extended.
t

j e. Use of Plant-Soecific Data

| .In selecting appropriate failure rate data to use in the risk informed IST i

program, the analyst is frequently faced with the question of whether to use.

; plant specific or generic data, or some combination of the two. For newer
plants with little operating history, the only choice is use of generic data, l

i

; 3.9.7-6 Rev 2C, 3-13-97
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in which case the only decision is which generic data base to use. For those
cases where significant plant specific data are available, usually it is most;

appropriate to combine plant specific and generic data with a method that:
gives appropriate weight to each. Since several generic data bases are
available, and they do not always agree, a further issue is which of these is,

most appropriate. Sections III.A.8.e and IV.A.8.e provides guidance.

Finally, in considering plant-specific failure data, it 'is important to be ,4

able to recognize poorly-performing individual components, rather than ]
allowing poor performance of a single component to be averaged over all |;

3 components of that type. Poor performance er.y arise because of inherent
i characteristics of one member of would othorwise be considered a uniform

-population. This would result in a higher than expected failure rate for the
population and lead to less relaxation than might be anticipated. Of more ;

i concern is poor performance of components that arise because they are
operating in a more dem:nding environment for example. If, for reasces of
expediency, these components are grouped together with others for which the ,

operating conditions are more favorable, then their failure rates could become !
artificially lowered, and, if requirements are relaxed based on the group '

.

; failure rate, this could lead to a significant probabilit|/ of experiencing an
inservice failure of the poor performers. .

g. Evaluating the overall Effect of Proposed Changes on Plant Risk
'

.

The acceptance of risk-informed IST changes should depend on how the proposed
changes affects the CLB in light of the following key principles:

,

a. . The proposed : change meets the current regulations. [This principle
applies unless the proposed change is explicitly related to a requested
exemption or rule change.]

b. The defense in depth philosophy is maintained.
'

c. Sufficient safety margins are maintained.
_

d. Proposed increases in risk, and their cumulative effect, are small and
.

do not cause the NRC Safety Goals to be exceeded,

e. Performance-based implementation and monitoring strategies are proposed ;

th:t address uncertainties in analysis models and data and provide for
timely feedback and corrective action.

10. Integrated Decision Making
'

The reviewer should evaluate the acceptability of the licensee's proposed RI-
IST program using the proposed procedures outlined in Section IV of this SRP
and the proposed acceptance guidelines specified Section III of this SRP.
Each of the key principles specified in Section II.A.9 above should have been1

addressed in the licensee's submittal. In implementing these principles, the
.
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reviewer should ensure that:

All safety impacts of the proposed changes were evaluated on a* *

component-specific basis as well as in an integrated mannsr as part of
an overall risk management approach in which the licensee uses risk
analysis to improve operational and engineering decisions broadly and
not just to eliminate requirements that the licensee sees as
undesirable. The approach used to identify changes in requirements
should be used to identify areas where requirements should be increased
as well as where they could be reduced.

'
The acceptability of proposed changes should be evaluated by the*

licepsee in an integrated fashion that ensures that all principles are
mt

Coro damage frequency (CDF) and large early release frequency (LERF) can*

be used as suitable metrics for making risk-informed regulatory
decisions.

Increases in estimated CDF and LERF resulting from proposed CLB changes*

will be limited to small increments. -

The scope and quality of the engineering analyses (including tr'aditional*

and probabilistic analyses) conducted to justify the proposed CLB change
should be appropriate for the nature and scope of the changes proposed
and should be based on the as-built and as-operated and maintained
pl ant. .

Appropriate consideration of uncertainty is given in analyses and*

interpretation of findings.

The plant-specific PRA supporting decisions has been subjected to*

quality controls such as an' independent peer review.

Data, methods, and assessment criteria used to support the proposed IST*

program changes (e.g., those used by the licensee's expert panel) must
be available for public review.

Acceptability of the proposed change should be determined using an integrated
decision making process that addresses three major areas: (1) an evaluation
of the proposed change in light of the plant's current licensing basis, (2) an
evaluation of the proposed change relative to the key principles and the -

2 One important element of integrated decision making can be the use of
an " expert panei." Such a panel is not a necessary component of risk-informed
decision making; but when it is used, the key principles and associated
decision criteria presented in this regulatory guide still apply and must be
shown to have been met or to be irrelevant to the issue at hand.

3.9.7-8 Rev 2C, 3-13-97
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acceptance criteria, and (3) the proposed plans for implementation,
performance monitoring, and corrective action.

B. IMPLEMENTATION,' PERFORMANCE MONITORING, AND CORRECTIVE ACTION

1. Program Implementation -

The licensee should have an implementation plan and schedule for testing all
high and low safety significant components identified in their program. Prior4

to the staff's approval of a RI-IST program, the NRC should review licensee's
; implementation plan and schedule. This plan should include test strategies

(i.e., frequencies and methods) for high and low safety significant components
that are within the scope of the licensee's RI-IST program, including
components identified as high safety significant components that are not (
currently in the IST program. The composition of the component groupings
(i.e., components.of the same type, size, manufacturer, model, and that
experience the same service conditions) should be identified. Components
whose test interval is to be extended .via staggering should be identified
along with their staggered frequency over the test interval. Components
should also be identified that are to h' ave their test frequency extended using
some other step-wise approach. The final test interval of these components
should also be included in the submittal. (Section III.B.1 describes an
acceptable method for extending test intervals in greater detail.]

2. Performance Monitoring of IST Equipment

Performance monitor'ing of IST equipment refers to the monitoring of test data
for equipment that has been placed on an revised test strategy (e.g., extended
test interval). The purpose of the performance monitoring is to help confirm
that the failure rates assumed for this equipment remain valid, and that no
unexpected failure mechanisms which are related to revised test strategy

3become important enough to alter the failure rate assumed in the evaluation ;

model s. Two important aspects of :erformance monitoring are whether the test
frequency is sufficient to provide' meaningful , data, and whether the testing
methods, procedures, and analysis provide assurance that performance
. degradation is detected. Component failure rates cannot be allowed to rise to
unacceptable levels before detection and corrective action takes place.

3. Feedback and Corrective Action Program

A performance based corrective action program should be a part of the
licensee's proposed implementation and monitoring plan.

4. Periodic Reassessment

The reviewer should evaluate the licensee's RI-IST program to ensure that it
contains explicit provisions whereby the overall program is periodically
evaluated and component performance data gets fed back into both the component

3.9.7-9 Rev 2C, 3-13-97
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| grouping and component test strategy determination (i.e., test frequency and
: methods) process, and that changes will be made as appropriate. Reassessments

should be performed at a frequency consistent with the availability of new
data from the monitoring programs. This periodic reassessment should not be*

confused with the 120-month program updates required by 10 CFR.

50.55a(f)(4)(ii) whereby the licensee's IST program must comply with later
versions of the ASME Code that have been endorsed by the NRC.'

; 5. Formal Interactions With the NRC

IThe reviewer should evaluate the licensee's proposed risk-informed IST program'

to determine if it appropriately describes the types of changes that can be '|made without prior NRC approval and the types of changes that require NRC
approval prior to implementation (See Section III.A.I and III.B.5).

Ill. ACCEPTANCE GUIDELINES I

A. ENGINEERING EVALUATION

1. Evaluation of Proposed Changes to the Current Licensing Basis j
,

The acceptance guidelines for evaluating proposed changes to the . current
licensing basis are contained in licensing basis documents as well as in other

,

regulatory documents (e.g., regulations, regulatory guides, standard review
plans, branch technical positions). The rules governing such changes are
described in 10 CFR 50.59, 50.90, 50.109, and other regulations. Each
proposed change must: be evaluated on a case-by-case basis for acceptability.
On a component-specific basis, the licensee should identify each instance
where the proposed IST program change will affect the CLB of the plant and
document the basis for the acceptability of the proposed change by explicitly
addressing each of the key safety principles.

A broad evaluation of proposed changes to the CLB of the plant is appropriate
because proposed IST program changes could affect requirements or commitments

- that are not explicitly described in the licensee's safety analysis report.
Furthermore, staff apprcval of th'e design, operation, and maintenance of 59.,
at the facility may have been granted in terms other than probability,.
consequences, or margin of safety. Therefore, it may be more appropriate to
evaluate proposed IST program changes against other more explicit criteria
(e.g., design basis criteria used in either the licensing process or to
determine the acceptability of SSC design, operation, and maintenance).

2. IST Program copa ;

In order to be acceptable, the RI-IST program scope should include, in
addition to components it the current Code prescribed program, any other
components (e.g., pumps, valves, or snubbers) categorized as highly safety
significar.t that were so identified as part of the PRA or licensee's 1

integrated decision-making' process (e.g., expert panel).

3.9.7-10 Rev 2C, 3-13-97.
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j 3. IST Program Changes

; a. General |'
l

The licensee's RI-IST program should reevaluate the testing frequency (andi
.;

methods as applicable) for high safety significant components that were the l.

; subject of a deferred test justification, an approved relief request, or an
i NRC authorized alternative test. The licensee should resubmit relief requests

and proposed alternatives, along with risk-related insights, for NRC staff
| review and approval (see Section 4.1.4 of reference 2).
.

! In establishing the test interval for low safety significant components, the
! licensee should consider component design, service condition, and performance
i as well as risk insights. The proposed test interval should be supported by
1 - both generic and plant-specific failure rate data and the test interval should

' be significantly less-than the expected time to failure of the-component in |
4

i question (e.g., an order of magnitude less). Alternatively, the licensee '

; could ensure that adequate component capability (i.e., margin) exists, above j
j that required durin'g design basis conditions, such that component operating '

; characteristics over time do not result in reaching a point of insufficient
i margin before the next scheduled test activity. The inservice test interval
i should generally not be extended beyond once every 5 years or 3 refueling

. outages (whichever is longer) without specific compelling documented
justification.

I

IST components (i.e. with the exception of check valves) should, at a minimum,

be exercised or operated (l plant operations, etc.) at least once every
i.e., via testing of other components in the . system,

routine maintenance *, norma
refueling cycle. If practical, more frequent exercising should be considered
for components in any of the following categories:

.

a) Components with high safety significance;
b) Components in adverse or harsh environmental conditions; or
c) Components with any abn'ormal characteristics (operational, design,

or maintenance conditions).

b. Chanaes to Test Interval (Only) *

A RI-IST program that proposes to only adjust IST interwis should have
provisions to- 1

|
a) identify components whose test interval should be decreased as well
as components whose test interval might be extended.

b) assess the effectiveness of the current IST program in determining
the ability of the component to carry out its intended function. Test

i

intervals should only be extended for components that are tested using
methods that have the capability to detect component degradation
associated with the important failure modes and causes identified in the

,
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plant's PRA.

" If the licensee chooses the alternative described in reference 2 for
implementing a RI-IST program, the licensee should make a commitment to adopt
enhanced test strategies as described in risk-based IST Code cases developed
by ASME as endorsed by the NRC or obtain staff authorization for an
alternative test' strategy.

c. Chanaes to Test Interval and Methods

A RI-IST program that adjusts IST intervals as well as IST methods is
acceptable if it identifies components whose test strategy should be more
focused as well as components whose test strategy might be relaxed.

4. Relief Requects and Technical Specification Amendments

The licensee should address the following issues:

For low safety .significant components, are there any component test*

methods that are not in accordance with the Code requirements or any NRC i

guidance? If so,. relief is requireo for.these test methods, i

For high safety significant components, are there any component test*

methods that are not in accordance with the Code requirements or any NRC
guidance? If so, relief is required for these test methods.

,

Fcr high safety significant components, are there any component test*

frequencies that are not in accordance with the Code requirements or any
NRC guidance? If so, relief is required for these test frequencies.

For any components, are there changes in technical specification*

requirements? If so, the licensee is required to submit-and have
approval of a technical specification amendment prior to implementing
the RI-IST program. Similarly, if a proposed IST program change

,

requires a change to the updated Final Safety Analysis Report (USAR)- |x

change, the licensee should have performed an evaluation pursuant to 10 |
CFR 50.59. |

5. Quality of the PRA for IST Application i

In order to be acceptable for application to IST, the PRA models must reflect
the dependence of core damage frequency (CDF) and large early release
frequency (LERF) on basic events whose probabilities are affected by IST.
This means that IST-related events and events that are logically in parallel
with IST events must be quantified properly.

Modeling of IST events should:

satisfactorily reflect dependence of basic event probability on fault*

3.9.7-12 Rev 2C, 3-13-97
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exposure time,

i
~

consider effects of staggering of tests,*

use defensible failure rate parameters (A), and if better-than-generic*

A's are used, special justification may be warranted,

consider the effect on A of aging, environmental stresses, and frequency*

of testing (either as part of the PRA, or as part of the licensee's
integrated decision making process), and

In addition, common cause failure (CCF) modeling of failures potentially
addressed by IST must be performed.

6. Modeling of the Effects of IST on PRA Basic Events |

The PRA should include a model which can provide an appropriate measure of the
change in risk as a result of extending the test interval on selected j

. components. This requires that the model directly addresses the change in I

component availability as a function of test interval. The model must i

include:
,

an explicit quantitative consideration of the degradation of the-

component failure rate as a function of time, supported by appropriate
data and analysis,

OR ,

.

arguments need to be presented which convincingly support the conclusion*

that no significant degradation will occur,

7. Categorization of Components

When using risk importance measures to identify components that are low risk
contributors:, potential limitations of these measures have to be addressed. -

Therefore, information to be provided to the licensee's integrated decision-
making process -(e.g., expert panel) must include sensitivity studies and/or
other evaluations to demonstrate the insensitivity of the risk importance
results to the important PRA modeling techniques, assumptions, and data.
Issues that have to be considered and addressed when determining low risk
contributors include the following: truncation limit, different risk metrics,
component failure modes, different maintenance states and plant
configurations, multiple component considerations, defense in depth, binning
criteria, and analysis of uncertainties (including sensitivity studies to
component data uncertainties, common'cause failures, and recovery actions).

8. Other Technical Issues

a. Initiatina Events

3.9.7-13 Rev 2C, 3-13-97
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j Other than for IST interval cxtensions argued on the basis of IST-induced
a risk, the acceptance guideline in this area is that there should be positive

'

; evidence that the licensee process considered the effect of the IST program on
- initiating event frequency.
,

i In the area of IST-induced risk, licensees are encouraged, to analyze the
; potential for adverse effects due to the tests themselves, and to look for
: ways to reduce these effects, either through changes in interval or changes in
i test protocols. If licensees advance the argument that there are significant
j adverse effects associated with testing as a reason for reducing or

eliminating test frequency, then it will be necessary to review;

i the causal model relating IST activity to the occurrence of an*

; initiating event,
;

j tne probability of core damage conditional on this event,*

e

| the causal model relating reduction of IST or change in protocol to the*

j subsequent behavior of the IST component.

| Acceptance criteria for these causal models are the same as for causal models
-

! of IST basic events, and the acceptance criterion for core damage probability
1 is coverec1 by acceptance cr.iteria for general PRA issues presented in the

general Sr.P.

b. Deoendencies and Common Cause Failures

Comon cause failur6 (CCF) modeling of failures potentially addressed by IST
should be performed. This includes the modeling of CCF groups of similar
components that are mutually redundant and all being relaxed.

To reduce fault exposure times for potential common cause . failures, staggered
testing should be implemented u part of the RI-IST change process.

c. Uncertainty and Sensitivity Analyses

The criteria for the analysis of uncertainties in the comparison to acceptance
guidelines is provided in' the Regulatory Guide DG-1061 (reference 1).

d. Human Reliability Analysis ,

Justification of IST relaxations should not be based on credit for post-
accident recovery of failed components (repair or ad hoc manual actions, such
as manually forcing stuck valves to open). However, credit may.be taken for
proceduralized implementation of alternative success strategies.

For each human action that compensates for a baF : event probability
increasing as a result of IST relaxation, there should be an explicit licensee
commitment to ensure performance of the function at the level credited in the

3.9.7-14 Re'v 2C, 3-13-97*
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quantification.. Excessively low human failure probabilities (less than IE-3) '

cannot be accepted unless there is supporting analyses that justifies the use4

' of the low human failure probability and there are adequate training programs,-
personnel practices, staff policies, etc. to ensure continued staff
performance at this 1.evel.

.

e. Use of Plant-Soecific Data

The acceptance guidelines for this issue are as follows:
;

For those cases where statistically significant plant specific data are*.

, available, it is acceptable to use such data if they are appropriately
combined with generic data. For those licensees who propose to use
plant specific data only, the data used should be consistent with the
generally accepted values in other PRAs for CCFs and initiating event
frequencies, or any significant deviations should be justified.

i

As part of the performance monitoring, there should be an evaluation to*
,

determine if components that have' experienced repeated failures are
especially poor performers. An extreme example of such evidence would '

be multiple failures experienced by a single component in a class whose
other members have experienced no failures over the same interval.
Components that have experienced failures should be reviewed to see
whether the testing strategy (interval and methods) would be considered
adequate to support the performance credited of them in the risk
analysis.

9. Evaluating the Overall Effect of Proposed Changes on Plant Risk

The general Regulatory Guide on Risk-Informed Decision Making (DG-1061)
provides guidance for the acceptance of RI-IST changes and consideration in
context with other RI initiatives.

10. Integrated Decision Making

The licensee's proposed RI-IST program should be supported by an engineering
evaluation (reviewed in accordance with RI-IST SRP section IV.A). It is
expected that the categorization developed by the PRA process and the
traditional engineering approach will be considered by the licensee's
integrated decision-making process (e.g., expert panel) to categorize
components and in making decisions regarding each component's test strategy.
The licensee's RI-IST program submittal should meet the acceptance guidelines
contained in Section III. A.1 through 8 or justify why an alternative approach
is acceptable.

Defense in depth has traditionally been applied in reactor design and
operation to provide multiple means to accomplish safety functions and prevent
the release of radioactive material. It has beenand continues to be an
effective way to account for uncertainties in equipment and human performance.

3.9.7-15 Rev 2C, 3-13-97
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In some cases risk analysis can help quantify the range of uncertainty;
however, there will likely remain areas of large uncertainty or areas not
covered by the risk analysis. Where a comprehensive risk analysis can be
done, it can be used to help determine the appropriate extent of defense in
depth (e.g., balance amoung core damage prevention, containment failure, and
consequence mitigation) to ensure protection of public health and safety.
Where a comprehensive risk analysis is not or cannot be done, traditional
defense in depth considerations should be used or maintained to account for
uncertainties. Proposed RI-IST programs should be assessed to ensure that the
defense in depth is maintained. Defense in depth is preserved if, for example:

a reasonable balance is maintained between prevention of core damage,*

prevention of containment failure, and consequence mitigation;

there is not an over-reliance on programmatic activities to compensate*

for weaknesses in plant design;

system redundancy, independence, and diversity are maintained*

'comensurate with the expected frequency and consequences of challenges
to the system;

defenses against potential comon cause failures 'are maintained and the.*

introduction of new comon cause failure mechanisms are avoided;
.

independence of barriers is not degraded*

defenses against human errors are maintained*

Sufficient safety margins are maintained if, for example:

ASME codes and standards or alternatives approved for use by the' NRC are*

met;

safety analysis acceptance criteria in the current licensing basis
.

*

(e.g., USAR, supporting analyses) are met, or proposed revisions provide
sufficient margin to account for analysis and data uncertainties;

Defense in depth and safety margin may be evaluated, as feasible, using risk
techniques (PRA) provided Code-required margins are preserved.

Other acceptance guidelines may be proposed by the licensee. However,
alternative guidelines would require more detailed consideration by the
reviewer on a case by case basis.

After the components have been categorized, RI-IST program implementation,
performance monitoring, and corrective action (Section III.B) acceptance
guidelines should be satisfied and the overall effect of the proposed changes
should be acceptable (ref. Section III.A.9) before the reviewer concludes that
the proposed RI-IST program provides "an acceptable level of quality and
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safety" (ref.-10 CFR 50.55a (a)(3)(i)].

If the licensee's proposed RI-IST program is unacceptable based on either
traditional engineering analyses or the probabilistic analyses, the reviewer

,

should deny the licensee's proposed RI-IST program. l

| In evaluating the overall 'effect of the proposed RI-IST program, the licensee
should specifically evaluate the effect of the proposed relaxations of-'

requirements (e.g., test interval extensions) for components considered singly
and when grouped together. Where these relaxations are offset by alternative
measures (e.g., additional monitoring, different tests, procedures, training),
the licensee should identify, and quantify to the extent practicable, the
effects of these alternative measures. Similarly, if there are benefits

| associated with proposed relaxations (e.g., reduction in initiating event
f frequency, reduction in system misalignment, reduction in radiation exposure),
| the licensee should identify, and quantify to the extent practicable, the
| effects of these benefits. As a general rule, the alternative measures and

benefits should be directly linked to the systems or components associated
with proposed relaxations.- On a case by case basis, the staff may assess the
licensee's proposed improvements made to the test strategy for a group of
components against proposed relaxations in test requirements for another group

| _of components in assessing the overal1' acceptability of a proposed RI-IST
| program. For example, the risk increase associated with relaxation of

requirements for a group of low safety significant components may be deemed ,

acceptable in light of improvements made to a group of more high safety '

significant components, even if all of the factors contributing to the overall
change in risk are pot quantified. However, the vulnerably associated with
the relaxation of' requirements for the low safety significant components must
be acceptably low (See DG-1061 criteria). The licensee's integrated decision-
making process should have explicitly considered all such situations. The
factors considered by the licensee's integrated decis' ion-making process, as
well as the basis for the li'censee's. integrated decision-making process
conclusion, should be clearly documented. The reviewer should evaluate this
documentation to see if there is adequate technical justification for the

| licensee's decisions.
|

Specific acceptance guidelines for use of Expert Panels are contained in ;

Appendix B of reference 3. I

B. IMPLEMENTATION, PERFORMANCE MONITORING, AND CORRECTIVE ACTION |
j

1. Program Implementation

For either high or low safety significant components that will be tested in'

accordance with the current NRC-approved Code, test frequency and method
requirements, no specific implementation schedule is required. The test

;

; frequency should be included in the licensee's RI-IST program.

For either high or low safety significan't components that will employ NRC-
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i.

! endorsed ASME Code cases, implementation of the revised test strategies should
be documented in the licensee's RI-IST program.

| For any alternate test strategies proposed by the licensee, the licensee
should submit a relief request to the NRC (reference Section III.A.4).'

i

; For low safety significant components that will be tested at a frequency less
than the Code test frequency wl.ich are exercised as a result of testing,a

routine maintenance, or normal plant operation and have acceptable performance<

histories, the licensee should group these components and test them on a
i staggered basis. Grouping is acceptable provided it complies, for example, .

with the guidance contained in NRC Generic Letter 89-04, Position 2 for check
valves; Supplement 6 to NRC Generic Letter 89-10 and Section 3.5 of ASME Code,

Case OMN-1 for motor-operated valves; or other documents endorsed by the NRC.

Component monitoring that is performed as part of the Maintenance Rule -

,

: implementation can be used to satisfy monitoring as described in the RI-IST
program guidance._ In these cases, the performance criteria chosen have to be*

;

j compatible with the RI-IST guidance provided in Reference 2.
3

! For low safety significant components that will be tested at a frequency less
,

; than the licensee's current Code test frequency which are not exercised as a
i result'of non-Code required system or component testing, routine maintenance,
: or normal plant operation and have acceptable performance histories, the
i licensee should increase the test interval in a step-wise manner. If no time- |
; dependent failures occur, then the interval can be gradually extended until '

the component, or group of components if tested on a staggered basis, is <

j tested at the maximum proposed extended test interval.

2. Performance Monitdring of IST Equipment
|

The acceptance guidelines for this item consists of evaluating the licensees
proposed performance monitoring process to ensure that it has the following.

| attributes:
_.

I enough tests are included to provide meaningful data;*

4

the test is devised such that incipient degradation can reasonably*

} expected to be detected; and
j

the licensee trends appropriate parameters as required by the ASME Code=4

; or ASME Code case and as necessary to provide validation of the PRA.
!

| Assurance must be established that degradation is not significant for
| components that are placed on an extended test interval, and that failure rate
,

|

4

:
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assumptions for these components are not compromised. It must be clearly

established that the test procedures and evaluation methods are implemented
which provide reasonable assurance that degradation will be detected and
corrective action taken.

3. Feedback and corrective Action Program

The licensee's corrective action program for _this application is acceptable if
it contains a performance-based feedback mechanism to ensure that if a i

particular component's test strategy is adjusted in a way that is ineffective |
in detecting component degradation and failure, the IST program weakness is
promptly detected and corrected. |

The licensee's corrective action program should evaluate RI-IST components 1

that either fail to meet the test acceptance criteria or are otherwise j

determined to be in a nonconforming condition (e.g., a failure or degraded |
condition discovered duririg normal plant operation). |

The licensee's corrective action procedures should:

(a) comply with 10 CFR 50, Appendix'B, Criterion XVI, Cor.rective Action
(b) determine the impact of the failure or nonconforming condition on

system / train operability since the previous test,
(c) determine and correct the root cause of the failure or nonconforming

condition (e.g., improve testing practices, repair or replace the
component),

(d) assess the applicability of the failure or nonconforming condition to
other components in the IST program (including any test sample expansion
that may be required for grouped components such as relief valves),

(e) correct other susceptible similar IST components as n.ecessary,
(f) assess the validity of the PRA failure rate and unavailability

assumptions in light of the failure (s), and .

(g) consider the effectiveness of the component's test strategy in detecting ,

the failure or nonconforming condition. Adjust the test frequency I

and/or methods, as appropriate, where the component (or group of
components) experiences repeated failures or nonconforming conditions.

The corrective action evaluations should be provided to the licensee's PRA
group so that any necessary model changes and re-grouping are done as might be
appropriate. The effect of the failures on plant risk should be evaluated as
well as a confirmation that the corrective actions taken will restore the
plant risk to an acceptable level.

The RI-IST program documents should be periodically revised to document any
RI-IST program changes resulting from corrective actions taken.

4. Periodic Reassessment

The test strate'gy for IST components should be periodically, at least once

3.9.7-19 Rev 2C, 3-13-97
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every two refueling outages, assessed to take into consideration results of I
j inservice testing and new industry findings. Plant specific data by itself l

should not be the sole basis to determine component operability because the !,

sample size will, in most cases, not be sufficient. Therefore, the IST PRA 1
t

model should also reflect industry experience. (See Section III.A.8.e) |
| 1

! 5. Formal Interactions With the NRC |
l

| The licensee can make changes to their RI-IST program that are consistent with ;
! the process and results that were reviewed and approved by the NRC staff. For !

j example:
i |
j Changes to component groupings, test intervals, and test methods that do*

; not involve a change to the overall RI-IST approach (either traditional i
engineering or PRA analyses), where the overall RI-IST approach was:

{ reviewed and approved by the NRC do not require specific (i.e.,
i additional) review and approval prior to implementation.

! Component test method changes involving the implementation of an NRC-*

endorsed ASME Code, NRC-endorsed Code case, or published NRC guidance
,

i which were approved as part of the RI-IST program, do.not require prior
NRC approval.

;

| . Test method changes that involve deviation from the NRC-endorsed Code*

i requirements require NRC approval prior to implementation.
.

! Changes to the. risk-informed IST program that involve programmatic*

i changes (e.g., changes to the plant probabilistic model assumptions,
changes to the grouping criteria or figures of merit used to group

,

: components, changes in the Acceptance Guidelines used by the licensee's
in hgrated decision-making process (e.g., expert panel)) require NRC;

; approval prior to implementation.
1

} Changes to a licensee's RI-IST program should also be evaluated using change
! mechanisms described in the regulations (e.g.,10 CFR 50.55a,10 CFR 50.59),

as appropriate, to' determine if prior NRC staf f review and approval is;

| required prior to implementation. In addition, changes to a licensee's
i approved RI-IST program (e.g., a change to a component's categorization) that
.

could affect the results that were reviewed and approved by the NRC staff ',

I (e.g., the change in risk associated with implementation of the RI-IST
program), should be evaluated to ensure that the basis for the staff's4

approval has not been compromised. 1-

i The licensee is not required to submit regular IST program updates. The I

} licensee may elect to submit program updates in situations that may help the ;

staff evaluate pending requests for relief or authorization, or when there ii

have been significant program changes that do not require review.
j

!

!'
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IV. REVIEW PROCEDURES |

|A. REVIEW 0F THE LICENSEE'S ENGINEERING EVALUATION j

1. Evaluation of Proposed Changes to the Current Licensing Basis

Verify that the licensees reviewed licensing basis documents to identify
proposed changes to the IST program that would alter the current licensing
br. sis of the plant. On a component-specific basis, the licensee should have
identified each instance where the proposed IST program change would affect
the current licensing basis of the plant, identified the source and nature of
the commitment (or requirement), and documented the basis for the
acceptability of the proposed change. If the current licensing basis was not
affected by the proposed IST program changes, the licensee should have so
indicated in its risk-informed IST program description.

On a component-specific basis, the reviewer should evaluate the acceptability
of each proposed change that impacts the CLB. Acceptability should consider
the original acceptance conditions, criteria, and limits as well .as the risk
significance of the component. Ensure that the licensee explicitly and
adequately addressed each of the key safety principles.

Verify that the licensee rev.iewed commitments related to outage planning and
control to verify that they were appropriately reflected in the licensee's
component grouping. Spot check to determine if components that play an
integral role in the licensee's plans and procedures for maintaining the key
shutdown safety functions are in the group of components that are candidates
for more focused inservice tests (i.e., high safety significant component
category).

|

2. IST Program Scope

Review the proposed IST program and verify the following:

For selected systems, verify that components that perform a safety-=

related function (s) are in the proposed RI-IST program.

Components categorized as "high safety significant" are included in*

the RI-IST program, regardless of their status in the licensee's
current IST program.

3. IST Program Changes

a. General

Verify that the licensee reevaluated the test frequency (and methods as
applicable) for high safety significant components that were the subject of a
deferred test justification, approved relief request, or NRC authorized
alternative test. Review resubmitted relief requests and requests that

3.9.7-21 Rev 2C, 3-13-97
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1 alternatives be authorized, along with risk-related insights.4

| 'On a sampling basis, verify that the licensee considered component design,
! service condition, and performance as well as risk insights, in establishing

the technical basis for each component's (or group of components) test
interval . The licensee's rationale for the proposed change in test interval<

: and its relationship to expected time to failure should be reviewed. Verify
I that the proposed test intervals are supported by applicable generic or plar '-

specific failure rate data. Verify that proposed test intervals arej~
significantly less than the expected time to failure of the components in
question (e.g., an order of magnitude less). Alternatively, spot check the

i licensee's calculations to ensure that adequate component capability exists,
j above that required during design basis conditions, such that component
: operating characteristics over time do not result in reaching a point of

insufficient margin before the next scheduled test activity. Verify that the'

inservice test intervals are not extended beyond once every 5 years or 3,

'

; refueling outages (whichever is longer) without specific compelling documented
; justification. Extensions beyond 5 years or 3 refueling outages should be
i considered as component performanc'e data at extended test intervals is
i acquired and as PRA technology improves.

On a samplin'g basis, verify that IST components (i.e. with the exception of
! check valves) are exercised or operated at least once every refueling cycle."
| Check to see if components in the following categories are exercised more
: frequently than once per operating cycle, if practical:
,

! a) Components.with high risk significance;
j b) Components ~in adverse or harsh environmental conditions; or
i c) Components with any abnormal characteristics (operational, design,

or maintenance conditions).

i If the licensee chooses to use the alternative described in reference 2 for
j implementing a RI-IST program, verify that the licensee made a commitment to
1 adopt enhanced test strategies as d ecribed in risk-based IST Code cases
j developed by ASME, as endorsed by the NRC. If the licensee chooses not to

adopt one or more of these Code cases, review the licensee's written technicalj
j justification outlining why it was impractical to implement the risk-informed

Code Case strategy as well as the licensee's proposed alternative testi

( strategy.

Verify that the licensee's RI-IST program identifies and tests components inj
the high safety significant category that are not in the licensee's current

| IST program commensurate with their safety significance or that the licensee
! has demonstrated that a suitable search for such components was conducted.j

These components should be tested in accordance with the ASME Code where! Wherepractical, including compliance with all administrative requirements.
ASME Section XI or O&M testing is not practical, alternative test methods to

.

i
ensure operational readiness and to detect component degradation (i.e.,i

! degradation associated with failure modes identified as being important in the
:

3.9.7-22 Rev 2C, 3-13-97

)
;

.

. _-. .- - - - .
- -



. .. -. . - . . -

1

I

DRAFT FOR COMMENT

licensee's PRA) should be proposed by the licensee. These alternative test
strategies should be reviewed and approved by the NRC prior to implementation
of the RI-IST program at the plant (see SRP section V. D.).

On a sampling basis, confirm that changed test strategies do not result in
violating TS requirements, or that an appropriate amendment request is
submitted.

b. Chanaes to Test Interval (Oniv)

Verify that the process used by the licensee to group components [i.e.,
components that are candidates for having their inservice test requirements'
relaxed and components that should be subjected to more frequent (e.g.,
quarterly) and effective inservice tests] is consistent with the acceptance
guidelines specified in Section III.A.3.b and that appropriate commitments to
adopt enhanced test strategies have been made (i.e., if the alternative
described in reference 2 for implementing a RI-IST program is proposed by the
licensee).

c. Chanaes to Test Interval and Methods

Verify that tests performed for the components within the scope of the RI-IST
program meet the enhanced ASME Code test strategies (i.e., test method and
frequency) as endorsed by the NRC, except where NRC has either granted relief
or authorized an alternative test strategy.

4. Relief Requests and Technical Specification Amendments

The regulation (or alternative that was authorized by the NRC) that permitted
the licensee to implement the overall RI-IST program will, in part, allow
licensees to increase the testing interval (and possibly relax test methods)
of components categorized, through the use of their PRA and integrated
decision-making process, as low safety significant. Approval of the
alternative includes evaluation and approval of the process to identify low
safety significant components and adjust their test frequencies (or test

' methods) commensurate with their previous service and maintenance histories
and existing envirbnmental conditions. Therefore, individual component relief
requests are not required to adjust the test interval of individual components
that are categorized as having low safety sigr.ificance (i.e., because the
licensee's implementation plans for extending specific component test
intervals should have been reviewed and approved by the NRC staff as part of
their RI-IST program submittal). Similarly, if the proposed alternative
includes improved test strategies to enhance the test effectiveness of low and
high safety significant components, such as the use of ASME Code Case OMN-1,
" Alternate Rules for Preservice and Inservice Testing of Certain Electric
Motor Operated Valve Assemblies in LWR Power Plants, OM-Code - 1995 Edition;
Subsection ISTC" then additional relief from the Code requirements (i.e.,
beyond staff approval of the licensee's RI-IST program describing the
licensee's intention to adopt such a Code case) is not required (See footnote

3.9.7-23 Re'v 2C, 3-13-97 I
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6 to 10 CFR 50.55a). )
For high and low safety significant components not tested in accordance with
the Code test method requirements or NRC endorsed Code Case, specific relief-

would be required from the applicable Code requirements. Relief would also be
required from the Code test frequency requirements for high safety significant
components not tested at the Code-required frequency. (High safety
significant components are expected to be maintained at Code-required
frequencies unless specific relief exists or adjustment is bounded by Generic,

| Letter 89-04.)

L a. Verify that requests for relief or approval for alternative testing |
! have been submitted to the NRC. Verify that the licensee has
! submitted technical specification amendment requests for proposed

changes that impact technical specification.

| b. Review the basis for requests for relief and alternatives and assess
the adequacy of the implementation of the alternative testing.,

1

c. Review the justification for deferring testing of high safety
significant components to cold shutdowns or refueling outages.

5. Quality of the PRA for IST Application

The reviewer should establish that for IST applications, special attention has
;|been paid to quantification of the failure probability of IST components iri,

; light of IST program attributes (e.g., test interval), and that special !
' attention has been paid to quantification of the failure probability of !

compensating SSCs. |

| Fault Exposure Time for IST Components:

Reviewers must ensure that the fault exposure time credite'd in the PRA is ;

reasonable in light of the IST interval and other activities. In general, the !
;

| mean fault exposure time will be taken to be 1/2 of the test interval. Some

analyses may apply a fault exposure time other than this: a different fault
| exposure time for a given component might be claimed as a result of credit

taken for non-IST validation of the performance of the component, perhaps by'

virtue of system challenges, or an IST test on a different component that
implicitly requires functioning of the subject component and would therefore

l reveal a failed state of the subject component. The reviewer should establish,

|
that the licensee has identified a basis for every fault exposure time
modeled, and that commitments are in place wherever a fault exposure time is'

determined by a programmatic activity. Where a fault exposure time is the
result of tests on other components, the reviewer should verify that there is
assurance that these other tests will be performed and that the behavior of
the subject component will be surveilled in the course of these tests. Where
a fault exposure time is the result of system challenges, the reviewer should

| verify that this challenge frequency is consistent with system challenge
,
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frequencies modeled elsewhere in the PRA.
i

Failure Rates for IST Components:

The reviewer should establish that in general, failure rates for components |are consistent with plant-specific data, except that failure rates that are
!appreciably less than generic data (e.g., those on the order of a factor of 3 '

or more lower than generic data) should be justified.. To use the lower plant--

specific failure rate, it must be demonstrated that the plant-specific failure
; rate data came from a population statistically different from the generic

population and a mechanistic explanation should be provided.

The reviewer should ascertain whether the failure rate takes account of 1
i

special environmental stresses or aging. If not, this should figure in the l,

evaluation of the performance monitoring and feedback activity (see Sections4
'

III.B.3 and IV.B.3).<

) Basic Event Probabilities of Compensating SSCs:

Events that appear jointly in minimal cut sets with IST components,

] (compensating SSCs) must be quantified appropriately or else perspective on
the significance of IST components will be distorted. Depending on the form
of PRA documentation, this can be relatively difficult for reviewers to spot3

check; reviewers should therefore verify that as part of IST applications,
'

! licensees warrant that the apparent significance of IST events is not
distorted by inappropriate quantification of compensating events. Note that
PRA updates may have been performed to boost the credited performance of,

compensating SSCs in anticipation of the need to justify relaxed IST#

1 interval s. This is acceptable, and need not prompt special staff attention^

beyond that allocated generally to review of baseline risk profiles, provided
; that the licensee makes programmatic commitments appropriate to the level of
i performance claimed.
.

] Common Cause Failures:
,i

Reviewers should check that' licensees have appropriately modeled CCF of groups:

| of similar components that are proposed for relaxation and that are mutually
redundant. This is discussed more in detail in Section 4.2.4.2 of reference
2.

.,

;

6. Modeling of the Effects of IST on PRA Basic Events
,

j The review procedure for the modeling of the effects of IST on the risk model
i

involves G e following steps:
,

. - _ haracteristics of the model used to evaluate the risk significance
xtending selected component test intervals is compared against those

.;idered acceptable as defined in Section III.B.2,
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The reviewer establishes that the licensee looked for ways to improve*

test effectiveness,

Data and analysis used to support the model are reviewed'and compared*

with independent data sources and analysis. .

7. Categorization of Components
'Results from risk categorization can be used directly for identifying the high

risk significant components (e.g., for the identification of risk outliers, or
for the identification of SSCs where more resources can be allocated).
However, when risk importance measures are used to group components as low
risk significant, additional evaluations, sensitivity studies and other 1

considerations as discussed in Section III.A.7 have to be taken into account. !
Review procedures for component risk categorization are provided in Appendix C 1
of the general SRP for risk informed regulation. I

|
-

8. Other Technical Issues I

!

a. Initiatina Events l

For most aspects of the general case of IST changes on initiating event
frequency, the reviewer is not expected to accept or reject the analysis i
through a process of independent validation of the licensee's evaluation of |.

the effect of IST program changes on initiating event frequency. Rather, the '

reviewer is expected to look'for evidence that the licensee

consideredth5effectofISTchangesoninitiatingeventsthatwerea

analyzed -(not screened cut),

considered whether the IST changes would affect the frequencies ofa

initiating events previously screened out from the analysis.

Note that the latter step logically requires that there have been
documentation of the basis for screening out of initiating events. 1

However, if a licensee argues for a reduction in testing or a change in
protocol based on adverse risk effects of testing, the reviewer should spot
check the calculations, especially if other plants of the same type have not
drawn similar conclusions.

b. Denendencies and Common Cause Failures

The reviewer should chec% to confirm that potential CCFs which involve IST
components have been considered in the PRA. It is particularly critical that
the selection of common component groups was performed correctly to ensure I

that important common cause failure groups were not omitted. As a minimum, I

the CCF groups should include: redundant standby pumps; redundant MOVs/A0Vs
that change state; redundant check valves; and any other components that j
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change state in order to support IST component operability.

The reviewer should verify that plant specific experience which involve the
-

failure of two or more components from the same cause was analyzed and
incorporated into the model where appropriate.

The reviewer should determine that the methodology used to calculate the CCF
probabilities is consistent with that given in the AEOD report (reference XX).
Consistency of common cause failure probabilities with past experience and
with the AEOD data should also be checked.

Reviewers should check that licensees have established that performance
monitoring is capable of detecting CCF before multiple failures are allowed to
occur subsequent to an actual system challenge.

c. Uncertainty and Sensitivity Analyses
L

| The following are review considerations for the licensee evaluation of
uncertainties:

If the estimated risk change due to implementation of the IST program isi *

| a bounding estimate, then the reviewer should confirm that the.models
! and data assumptions used do.indeed produce a demonstrably conservative
| estimate.

If the licensee contends that the estimated risk' change due to*

implementation of the IST program is a best estimate, then the reviewer
needs to establish that uncertainty is addressed for the change. This
argument must appropriately include data and model uncertainties. The
licensee may be able to argue without explicit propagation that the
uncertainty is small compared'to the margin between the allowable change
and the estimated change.

d. Human Reliability Analysis

! The comprehensive review of human reliability modeling is treated in the
'

. general Reg Guide and general SRP. For IST applications, the review can be
more focused. The IST-specific aspects include errors specifically related to

; testing, and quantification of compensating human actions.

Errors Specifically Related To Testing:

Two types of errors are of interest here. The first is errors during~ testing
that leave equipment unavailable until the condition is discovered during a
subsequent test or until the equipment is demanded (i.e., a restoration
error). In some PRAs, such errors are included in the data base that is used
for the equipment failure rate. The licensee should have verified that this
is the case. If such errors are not included, they should have been

. considered separately. If they were considered separately, then the
:
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assumptions, models, and data used should be consistent with those that are
generally accepted. .

- The second type of error-is associated with error during recovery (e.g.,
' failure to actuate an alternative system train). As indicated previously, the

only recovery allowed for present purposes is manual actuation of alternate
available equipment to work around failed equipment when a demand occurs and
the normal equipment response fails. For this recovery situation, human
errors must be considered, and they should reflect the time available to
actuate the alternate available equipment, the procedures and training
available, and adverse environmental factors (access to equipment, local ,

temperatures and radiation levels, etc.).

Quantification of Compensating Human Actions:
,

This refers to the credit taken for human actions for purposes of deciding on
IST changes. The reviewer should confirm that credit for compensating human
actions is limited to proceduralized actions taken to actuate systems; repair
of failed equipment is not to be considered. The intent of this review step

speculative and relatively uncertain quantification of recovery'guably
~

is to ensure that licensees do not reduce IST on the basis of ar
probabilities.

That is, acceptability-of IST program changes should be assessed without
credit for such recovery. probabilities. Quantification of the baseline for
purposes of deciding the acceptability of the overall risk profile and
deciding on the allowed risk increment may be performed on the basis of credit
for such actions.

e. Us'e of Plant-Soecific Data4

, .

Appendix A of the reference 3 (SRP Chapter 19) provides pro'cedures for the
review of generic and plant-specific data used in support of the licensee's-

.

PRA.

9. Evaluating the Overall Effect of Proposed Changes on Plant Risk

Reference 3 (SRP Chapter 19) provides review procedures for the acceptance of
RI-IST program changes.

10. Integrated Decision Making
i

There are no explicit criteria for dispositioning the results of traditional
engineering and probabilistic analyses which may to conflict with one another.
The reviewer should evaluate the licensee's integrated decision-making-process
records associated with these conflicts. The licensee's integrated decision-
making process . records should clearly identify all factors considered by that
process and the basis for conclusion. On a sampling basis, the reviewer
should conduct .an independent evaluation to determine if the licensee's
conclusion has sufficient technical basis. The reviewer's determination that
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the proposed alternative will provide "an acceptable level of quality and i

safety" (ref. 10 CFR 50.55a (a)(3)(i)) should be based on the independent
assessment. The reviewer should consider the following factors in trying to
reach a conclusion relativa to the acceptability of the licensee's proposedRI-IST program: ,

!

'

Does the proposed RI-IST program meet the current regulations? [This
a.

principle applies unless the proposed change is explicitly related to ai
requested exemption or rule change.]

j
b. Is defense in depth philosophy maintained? i

I

Are sufficient safety margins maintained?c. '

d. Are proposed changes in risk, and their cumulative effect, small and
within the NRC Safety Goals?

j

Has the licensee proposed performance-based implementation ande.
monitoring strategies that address uncertainties in analysis models and
data and provide for timely feedback and corrective action? ,

|

More detailed guidance for reviewing the integrated decision making process is
'

provided in Appendix B o.f Reference 3.

B. REVIEW OF IMPLEMENTATION, PERFORMANCE MONITORING, AND CORRECTIVE ACTION

I. Program Implementation

On a sampling basis, the reviewer should verify that the following information
is provided for each component in the RI-IST program:

High Safety Significant Components:

a) component test method and interval
b) ASME Code Case, if applicable
c) technical specification amendment, if applicable
d) relief request, if applicable ,

Low Safety Significant Components:

a) component test method and interval with justification for extending
interv0 if greater than interval specified in ASME Code

b) ASME Code Case, if applicable
c) technical specification amendment, if applicable
d) relief request, if applicable
e) grouping definition and justification

f) staggered test justification for specific low safety significant
components

g) justification for test extensions for the remaining low safety
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significant components

High and low safety significant components that will continue to be tested in
accordance with the ASME Code requirements for the licensee's Code of record,
or ASME Code Cases that have been endorsed by the NRC, require no further
evaluation.

The justification for extending the low safety significant component
frequencies should be reviewed for adequacy to verify that the extension is
appropriate. Staggered implementation schedules should be evaluated to ensure
that component tests are distributed as equally as possible over the entire
test interval.
The test intervals of the low safety significant components should be included
in the RI-IST program for review. l.ow safety significant components that are
grouped should have their respective groups identified in the RI-IST program.
.The implementation schedule should be described in the RI-IST program.
Implementation of interval extension for low safety significant components may
begin at the discretion of the licensee subsequent to NRC approval of risk

Component corrective action procedures (see SRP sectioninformed IST program.
IV.B.3) should be in place for low safety significant components being tested
on a staggered basis prior to implementation of any interval extensions.

For low safety significant components tested on a staggered basis, the
licensee should have documented the approach to exercising to which each
component in the group is subjected (where appropriate) as a result of plant
operation or testing of other components to assess the justification for
allowing the component to be tested on a staggered basis. The overall test
interval for the low safety significant components in the group should also be

The adequacy of the component groupings should be verified. The,

justified.
establishment of the staggered test interval should be based on the maximum
allowable interval for all the components in a particular group. Each

component in the group should have the same designated test interval.

For low safety significant components exercised only during inservice testing,Inthe current testing interval should be defined in the RI-IST program.
addition, a schedule should be available that shows the planned test interval
of each individual low safety significant component being gradually extended
to the test interval selected by the licensee and described in the approved

An acceptable method for extending the test interval for this subsetprogram.
of low safety significant components is by gradually extending the test
interval by a set amount (i.e., equal or successively smalle'r steps) until the

The licensee could propose anmaximum approved test interval is reached.
alternative phased approach to extend the test interval'. When the maximum
allowed test interval is achieved in the absence of time-dependant test
failures, then the components may be grouped'and tested on a staggered basis.
Section III.B.3 discusses adjusting (i.e., shortening) the test interval when
a component experiences repeated test failures.

.
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Verify that the licensee has plant corrective action and feedback procedures !developed (see Section IV.B.3) to ensure that testing failures are fed back to
the plant licensee's integrated decision-making process and.IST coordinator )

for reevaluation and possible adjustment to the component's grouping and test {

strategy. ;
'

Verify that the licensee has a program and schedule for converting from the I
old IST program to the RI-IST program.

i

2. Performance Monitoring of IST Equipment
|

The review procedures consist of the following steps:

The performance monitoring program is identified in the licensees
proposal for RI-IST.

The program is reviewed to determine whether it includes a test p'rogram
which will provide sufficient data to detect component degradation in a
timely manner a.s described in Section III.B.2.,

3. Feedback and Corrective Action Program

The reviewer should review t'e licensee's corrective action procedures toh

verify that it is initiated by component failures that are detected by the IST
program as well as by other mechanisms (e.g., normal plant operation,inspections). ;

'

Verify that.the lic'ensee's corrective action procedures meets the acceptance
guidelines specified in Section III.B.3.

Verify that corrective action evaluations are provided to the licensee's PRA
group so that any necessary model changes and re-grouping.can be done by the'

PRA group if appropriate.

Verify that procedures are in place to ensure that corrective actions
affecting the IST program get documented, as appropriate, in the licensee's- j,

'

RI-IST program. ;

i

4. Periodic Reassessment

Review the licensee's procedures for conducting the periodic risk-informed IST
program review to ensure that it: -

i

prompts the licensee to conduct' overall program assessmente periodically
(i.e., at least once every two. refueling outages) to reflect changes in
plant configuration, component performance, test results, industry

3

experience, and to reevaluate the effectiveness of the IST program, !

prompts the licensee to compare actual component conditions / performancei

I
i
i
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to predicted levels to determine if component performance and conditions |are acceptable (i.e., as compared to predicted levels). If performance *'

or conditions are not acceptable then the cause(s) should be determined
and correctivo action implemented,

prompts the licensee to review and revise as necessary the assumptions,
reliability data, and failure rates used to group components to
detennine if component groupings have_ changed, and .

prompts the licensee to reevaluate equipment performance (based on both
plant-specific and generic infomation) and test effectiveness to
determine if the inservice test program should be adjusted (Plant-
specific data should be incorporated into the generic data using
appropriate updating techniques).

Verify that the licensee has incorporated the results of its corrective action
program for IST program components into its periodic IST program reassessment.

Verify that the licensee has procedures in place to identify the need for more
emergent RI-IST program updates (e.g., following a major plant modification,
or significant equipment performance problem).

The periodic RI-IST program review may be addressed in conjunction with the
plant's periodic PRA updates, industry operating experience programs, the
Maintenance Rule program, and other risk-informed program initiatives.

5. Formal Interactions With the NRC

Verify that the licensee has a process or procedures in place to assure that
changes that meet the acceptance guidelines in Section III.B.5 above get
reviewed and approved by the NRC staff prior to implementation.

V. EVALUATION FINDINGS

Before the reviewe. writes findings in each of the review areas as di.scussedr

below, the reviewer should write an introduction to the safety evaluation that
describes the proposed change in tems of:

~

the particular components that would be affected by the proposed*
4

changes in IST strategy,

the plant systems involved with the proposed changes in IST=

strategy,

the physical change in testing strategy proposed for each component' +

| or group of components,

its affect on the current licensing basis, and.

3.9.7-32 Rev 2C, 3-13-97'
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its overall affect on plant risk.*

A. ENGINEERING EVALUATION
'

I. Evaluation of Proposed Changes to the current Licensing Basis
.

The reviewer verifies that sufficient information is provided in accordance i
with the requirements of this SRP section.and that the evaluation supports
conclusions of the following type, to be included in the staff's safety !
evaluation report:

On a component-specific basis, the staff has reviewed each IST program-

change as it affects the current licensing basis of the plant. In
conducting its review, the staff considered the original acceptance
conditions, criteria, and limits as well as the risk significance of the
component. Due consideration was given to diversity, redundancy,
defense in depth, . safety n.argins, and other aspects of the General
Design Criteria. Having conducted this review, the staff finds that the
IST program changes proposed by the licensee are ~ acceptable.

The licensee has reviewed commitments related to outage planning and
control to ensure that components that play an integral role in the
licensee's plans and. procedures for maintaining the key shutdown safety
functions are in the group of components that should be subjected to
more frequent and effective inservice tests. The staff finds..this to be
acceptable.

; IST-related commitments appear to be adequately modeled in the
| licensee's PRA analysis, or otherwise addressed.

2. IST Program Scope -

The reviewer verifies that sufficient information is provided in accordance
with the requirements of this SRP se'ction and that the evaluation supports
conclusions of the following type, to be included in the staff's safety -

evaluation reporti

The staff concludes that the scope of the applicant's risk-informed
inservice test program is acceptable and is consistent with the guidance
provided in Regulatory Guide 1062. This conclusion is based on the
applicant having provided a test program to ensure that safety-related
components, as well as other components that are important to plant
risk, can reasonably be expected to be capable of performing their
intended function throughout the life of the plant.

3. IST Program Changes

a. General !

'
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4 The reviewer verifies that sufficient information is provided in accordance

with the requirements of this SRP sectior, and that the evaluation supports
L conclusions of the following type, to be included in the staff's safety

evaluation report:
4

; ,

!
! The licensee reevaluated the testing frequency (and methods as
; applicable) for high safety significant components that were the subject
|- of art approved relief request, or NRC authorized alternative test. The
i licensee submitted revised relief requests and requests that
i alternatives be authorized for these components, along with risk
| insights associated with the proposed test strategy. The licensee
! identified technical specification changes needed to implement the RI-
! IST program and has submitted technical specification amendment requests
; as appropriate. These requests were reviewed by the NRC staff and found

!
! to be acceptable [each instance should be explicitly addressed in the
t SE). |

'

!

i The licensee considered component design, service condition, and
; -performance, as well as risk insights in establishing the test interval
! for low safety significant componerts. The proposed test intervals for '

! low safety. significant components were significantly less than the
1 expected time to failure of the components in question (e.g., an order
; of magnitude less). Alternatively, the licensee ensured that adequate

component capability existed, above that required during design basis'

; conditions, such that component operating characteristics over time will
{ not result in reaching a point of insufficient margin before the next
i scheduled test activity. The inservice test intervals for components !

| were generally not extended beyond once every 5 years or 3 refueling
! outages (whichever is longer). In every instance where the interval was
j extended beyond 5 years or 3 refueling outages (whichever .is longer),
; the licensee provided a specific compelling documented justification
; that was found to be' acceptable to the staff (each instance should be
! explicitly addressed in the SE).
:
1

: The licensee's proposed RI-IST program ensures that each IST component
(1.e. with the exception of check valves) is exercised or operated at
least once every refueling cycle. Components in the following
categories are generally exercised more frequently than once per
operating cycle:

| a) Components with high risk significance;
b) Components in adverse or harsh environmental conditions; or'-

; c) Components with any abnormal characteristics (operational,
' design, or maintenance conditions)'.

The licensee also made a commitment to either adopt enhanced test
strategies as described in risk-based IST Code cases developed by ASME,
as endorsed by the NRC, or request authorization from the NRC to perform
an alternative test strategy.

3.9.7-34 Rev 2C, 3-I3-97
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Finally, where the licensee has identified high safety significant
components that are not in the licensee's current IST program, the
licensee has either committed to test these components in accordance
with the current ASME Code or has proposed an alternative test strategy
that has been reviewed and approved by the NRC staff,

b. Chanaes to Test Interval u y1

The licensee's proposed RI .al program is found to be acceptable because
it:

a) appropriately identifies components whose test interval should be
decreased as well as components whose test interval might be
extended,

b) considers IST test effectiveness in determining whether
components are candidates for having their inservice test
*equirements relaxed.

The reviewer should specify which components will be tested at a shorter
i r.terval .

c. Chanaes to Test Interval and Methods

The licensee's proposed RI-IST program is found to De acceptable because
it appropriately identifies components whose test strategy. should be
more focused as well as components whose test strategy might be relaxed.

|

,

The reviewer 'should identify (or characterize) which components will be
subjected to more foc~used testing and describe the revised test strategy-
for these components.

4. Relief Requests and Technical Specification Amendments

The reviewer verifies that sufficient information is provided in accordance
with the requirements of this SRP section and that the evaluation supports,

conclusions of the following type, to be included in the staff's safety
evaluation report:

The licensee's RI-IST program is testing high safety significant
components in accordance with the Code test frequency and method
requirements or has a relief request approved or submitted for approval.
In addition, the licensee is testing low safety significant components
in accordance with the Code test method requirements (although at a
extended interval) or has a relief request approved or submitted for
approval. The liansee has approved technical specification amendments
for all proposed changes that impact technical specification.

5. Quality of the PRA for IST Application

a
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;

i The reviewer verifies that sufficient information is provided in accordance
with the requirements of this SRP section ar.d that the evaluation supports

~

-

conclusions of the following type, to be included in the staff's safety'

j evaluation report:
' Fault exposure time is modeled appropriately for IST components. Fault*

exposure times are appropriately linked to programmatic activities that
have been explicitly identified and documented.

Appropriate failure rates have been used for IST components. Wherever.

*

unusually good performance is being claimed, provisional justification*

has been provided and monitoring will provide ongoing justification.4

The licensee has reviewed the modeling of compensating SSCs, and*

concluded that it is appropriate and that the significance of IST events
is not distorted by modeling of compensating SSCs.

Comon cause failure has been suitably addressed. The licensee has
?

*

systematically identified all component group:; sharing attributes that
correlate with CCF potential and that affect IST, either in that they

'

comprise IST components or compensating SSCs. The licensee's
performance monitoring program addresses staggered testing of IST i
components in CCF groups.

The effects of aging, environmental stresses, and frequency of testing*

has been addressed, either explicitly in the PRA models or as part of )
the licensee's integrated decision-making process (e.g., expert panel). |

*

|

6. Modeling of the Effects of IST on PRA Basic Events

The reviewer verifies that the information provided supports the following
conclusions:

a model for unavailability in terms of fault exposure time exists and*-

was used in the PRA for evaluating the risk significance of extending
the selected component test intervals,

the assumptions provided relative to time dependent degradation of the*

failure rates for the selected components are justified, and

the licensee considered enhanced testing as a compensating measure.=

7. Categorization of Components

The reviewer verifies that sufficient information is provided in accordance l

with the requirements of this SRP section and that the evaluation supports
conclusions of the following type, to be included in the staff's safety
evaluation report:

1
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The licensee's integrated decision-making process (e.g., expert panel)
on the' determination of risk importance of components in the RI-IST*

program is robust in terms of. the " uncertainty" issues like common cause
failure modeling and modeling of human reliability.

8. Other Technical Issues

a. Initiatina Events
, - There is positive evidence that the licensee adequately considered the effects
; of proposed IST changes on the frequencies of initiating events analyzed and .

the frequencies of initiating events previously screened out. In addition, if
'

*

the licensee analyzed adverse risk effects of IST activities, and applied3

these results to justify IST reductions, this analysis was found acceptable. i
,

Either the analysis -is consistent with previously accepted analyses applicable 1,

to this plant type, or the causal modelling of the IST activities' effects on
initiating effects was reviewed and found to address appropriately the
technical issues described in this SRP under " causal modelling."

I b. Denendencies and Common Cause Failures

Evaluation findings should include statements that common cause failure has4

; been suitably addressed and that.the' licensee has systematically identified
all component groups sharing attribttes that correlate with CCF potential and

'

that affect IST. either in that they comprise IST components or compensating
SSCs. The licensee's performance monitoring program addresses staggered
testing of IST components in CCF groups.,

,

c. Uncertainty and Sensitivity Analyses

The reviewer verifies that the information provided ar,d review findings
support the following conclusions:

An appropriate consideration of uncertainties is provided in support of
the proposed risk informed IST program. . The licensee showed either that
a demonstrably conservative estimate of the change in risk was - !

acceptr.ble, or that the uncertainty in the risk change was small
compared to the margin between the estimated change and the allowable
change. In the latter case, this was done either by explicit
propagation, or.by a qualitative analysis showing that no event
contributing to the change in risk is subject to significant
uncertainty.

d. Human Reliability Analysis
.

The staff safety evaluation report shall include language that is equivalent
in effect to the following.

The modeling of human performance is appropriate.*
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Post-accident recovery of failed components is modeled in a defensible,- *

way. Recovery probabilities' are not quantified in a clearly, -

non-conservative way. The formulation of the model shows decision-,

|_ makers the degree to which the apparently low risk-significance of
a

certain items is based on credit for recovery of faileo components
(restoration of component function, as opposed to actuation of a,

'

compensating system).
:

: e. Use of plant-Specific Data
,

The reviewer verifies that sufficient information was provided to support the
-

following conclusions:

[ The failure rates used in the proposed risk informed IST program are*

; appropriate and consistent with Appendix A of SRP Chapter 19, or the l
<

deviations are justi,fied.'

9. Evaluating the Overall Effect of Proposed Changes on Plant Risk

The reviewer verifies that sufficient information is provided to make the
following findings:

Acceptable Numerical Risk Impact

The application is either risk neutral or results in a decrease in plant*

risk,
.

1

~

OR

i

If an application results in an increase in risk, the. increase is within*

the acceptance guidelines specified in Regulatory Guide DG-1061.

Traditional Engineering Factors

Traditional eagineering analyses and operational considerations do not*

conflict with the conclusions of the risk analysis.

Cumulative and synergistic Effects from all Applications

The cumulative changes in risk are consistent with the guidelines*

established in DG-1061

Synergistic effects have been satisfactorily addressed at the component*

level either

1) by assuring that multiple synergistic relaxations are not applied to
a single component, or

2) by noting exceptions to this, and convincingly justifying them case
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by case.

Implementation of a Monitoring Process

The monitoring process will produce sufficient data that can support the*

PRA input and assumptions that were used as the basis for the IST risk
acceptance.

|

10. Integrated Decision Making

If the licensee's proposed alternative ~1s acceptable in light of the current
licensing basis of the plant and the safety significance of the component,

|

AND

if the licensee's risk-informed IST program meets the detailed acceptance
! guidelines specified in this SRP,

then the staff should be able to reach the following general conclusion:

! The licensee's proposed risk-informed IST program is authorized as an
_ alternative to the ASME Code required IST program (e.g, including test'

frequency, test methods, and program scope requirements pursuant to 6
- 50.55a(a)(3)(1) based ,on the alternative providing an ac)ceptable level
of quality and safety.

B. RISK-INFORMED.IST PROGRAM IMPLEMENTATION, PERFORMANCE
MONITORING, AND CORRECTIVE ACTION

I. Program Implementation
.

The reviewer verifies that sufficient information is provided in accordance
with the requirements of this SRP section and that the evaluation supports
conclusions of the following type, to be included in the staff's safety
evaluation' report:

'

For components in the high safety significant category, the licensee is
either going to continue to test these components in accordance with the
current ASME Code of record for the facility (i.e., test frequency and
method requirements) or has proposed an alternative test strategy that
is acceptable to the staff (via either an NRC-endorsed ASME Code case or
plant specific relief request). Testing strategies are adequately
described in the licensee's RI-IST-Program Plan and were found to be
acceptable.

For components in the low safety significant category, the licensee is
either going to continue to test these components in accordance with the
current ASME Code of record for the facility or has proposed an
alternative test strategy that was found acceptable to the staff..

i

I
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Low safety significant components that will be tested at a frequency
less than the Code test frequency, which are also exercised as a result.

of plant operation or other system / component testing, may be grouped and
tested at an extended test interval only if the interval can be
justified based on past component perfomance. These components will be
tested on a staggered basis at roughly equal time intervals. Corrective
action procedures will ensure that failures or nonconforming conditions
that may apply to other components in the group get evaluated and
corrected. Component grouping was found to be consistent with guidance
provided in NRC Generic Letter 89-04 or other documents endorsed by NRC.

Low safety significant components that will be tested at-a frequency
less than the current Code test frequency, which are not exercised as a
result of non-Code required system or component testing, routine
maintenance, or normal plant operation, will also only have their test

interval extended if it can be justified based on past component ,l byperformance. The licensee will gradually extend the test interva
doubling the test interval for successive tests until the component is |
tested at the proposed extehded test . interval. If no age-dependent |
failures occur, then the components will be grouped and tested on a ;

staggered basis. Corrective action procedures will ensure that test
interval and/or methods, as appropriate, get adjusted where the
component (or group of components) experiences repeated failures or
nonconforming conditions.

The licensee has plant corrective action and feedback procedures
developed to ensure that testing failures are fed back to' the plant
licensee's infegrated decision-making process (e.g., expert panel) and
IST coordinator for reevaluation and possible adjustment to the
component's grouping and test strategy.

The licensee has apprnpriate plans and schedules for. converting from the
old IST program to the new RI-IST program at their facility.

2. Performance Monitoring of IST Equipment

The reviewer verifies that the information provided supports the following
conclusions:

a performance monitoring program exists which covers all components
which tre placed on an extended IST schedule,

,

the program responds to the attributes specified in Section III.B.2, and
'

the licensee is committed to maintain the program as part of its RI-IST
initiative.

- 3. Feedback and Corrective Action Program

3.9.7-40 Rev 20, 3-13-97
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The reviewer verifies that sufficient information is provided in accordance
With the requirements of this SRP section.and that the evaluation supports.

conclusions of the following type, to be included in the staff's safety
evaluation report:

The staff concludes that the licensee's corrective action program is
s acceptable for implementation with the RI-IST program because it
! contains a performance-based feedback mechanism to ensure that if a

particular component's test strategy is adjusted in a way that is-4

; ineffective in detecting component degradation and failure, the IST
i program weakness will be promptly detected and corrected.

- 4. Periodic Reassessment

j The reviewer verifies that sufficient information is provided in accordance
! with the requirements of this SRP section and that the evaluation supports

conclusions of the following type, to be included in the staff's safety.

| evaluation report:
|

The staff concludes that the licensee's procedures for periodic '

reassessment of its risk-informed IST program are acceptable because the
licensee's procedures for periodic reassessment ensure that the
licensee's test strategies are periodically (specify periodicity not to
exceed once every two refueling outages) assessed to incorporate results
of inservice testing and new industry findings.

5. Formal Interactions With the NRC

The reviewer verifies that sufficient information is provided in accordance
with the requirements of this SRP section Aud that the evaluation supports
conclusions of the following type, to be in:ltded in the staff's safety
evaluation report:

The staff concludes that the licensee has an adequate process or
procedures in place to ensure that RI-IST program changes of the
following types get reviewed and approved by the NRC prior to
implementation.

Test method changes that involve deviation _from the NRC-endorsed*

Code requirements.

Changes to the risk-informed IST program that involve programmatic*

changes (e.g., changes to the plant probabilistic model assumptions, I
changes to the grouping criteria or figures of merit used to group !
components, changes in the Acceptance Guidelines used by the |
licensee's integrated decision-making process (e.g., expert panel)). '

Changes to component groupings, test intervals, and test methods that do I

3.9.7-41 Rev 2C, 3-13-97
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not involve t. change to the overall RI-IST approach (either traditional
engineering or PRA analyses), where the overall RI-IST approach was.

reviewed and approved by the NRC do not require specific (i.e.,
additional) review and approval prior to implementation.

Component test method changes involving the implementation of an NRC-
endorsed ASME Code, NRC-endorsed Code case, or published NRC guidance
which were approved as part of the RI-IST program, do not require priorNRC approval.

VI.
RISK-INFORMED IST PROGRAM DOCUMENTATION

The reviewer should review the licensee's submittal to assure that it
contained the documentation necessary to conduct the review described in this
SRP (i.e., the documentation described in Section 6 of DG-1062). The RI-IST
program and its updates should be maintained on site and available for NRC
inspection consistent with the requirements of 10 CFR 50, Appendix B.

The reviewer should also ensure that the cover letter that transmits to the
licensee the staff's safety evaluation approving the proposed RI-IST program
(i.e., alternative IST program to that prescribed by the ASME Code) contains a
statement to the effect that " Failure to comply with the RI-IST program as
reviewed and approved by the NRC staff and authorized pursuant to 10 CFR
50.55a(a)(3) [e.g., including. scope, test strategy, documentation, and other
programmatic requirements] constitutes noncompliance with 10 CFR 50.55a and 1enforceable". :

Vll. IMPLEMENTATION

The preceding is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section. Except in those
cases in which the applicant proposes an acceptable alternative method for
complying with specified portions of this regulatory guide, the method
described herein will be used by the staff in its evaluation of risk-informed
performance-based changes to the licensee's current licensing basis.
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8. Generic Letter 89-04, " Guidance on Developing Acceptable Inservice
Testing Programs," dated April 3, 1989.

9. Generic Letter 89-10, Supplement 6, "Information on Schedule and
Grouping, and Staff Responses to Additional Public Questions" dated
March 8, 1994.
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STANDARD REVIEW PLAN

16.I RISK-INFORMED DECISION MAKING: TECHNICAL SPECIFICATIONS

INTRODUCTION

Section 182a of the Atomic Energy Act requires that applicants for nuclear power plant operating
licenses shall state:

[5]uch technical specifications, including information of the amount, kind, and source of
special nuclear material required, the p! ce of the use, the speci6c characteristics of the
facility, and such other information as the Commission may, by rule or regulation, deem
necessary in order to enable it to find that the utilization . . . of special nuclear material
will be in accord with the common defense and security and will provide adequate
protection to the health and safety of the public. Such technical specifications shall be a
part ofanylicense issued.

In 10 CFR 50.36, the Commission established its regulatory requirements related to the content of
technical specifications (TS). In doing this, the Commission placed emphasis on those matters
related to the prevention of accidents and the mitigation of accident consequences; the
Commission noted that applicants were expected to incorporate into their TS "those items that are-

directly related to maintaining the integrity of the physical barriers designed to contain
radioactivity" (33 ?R 18610). Pursuant ta 10 CFR 50.36, TS are required to contain items in the
following five specific categories: (1) safety limits, limiting safety system settings and limiting
control settings; (2) limiting conditions for operation; (3) surveillance requirements; (4) design
features; and (5) administrative controls.

Since the mid-1980s, the NRC has been reviewing and granting improvements to TS based, at
least in pan, on probabilistic risk assessment (PRA) insights. Some of these improvements have

~

been proposed by the Nuclear Steam Supply System (NSSS) owners groups to apply to an entire
class of plants. Many others have been proposed by individual licensees. Typically, the proposed
improvements involved a relaxation ofone or more allowed outage times (AOTs) or surveillance
test intervals (STIs)in the TS.

In its July 22,1993, final policy statement on TS improvements, the Commission stated that it:

. . . expects that licensees, in preparing their Technical Specification related
"

submittals, will utilize any plant-specific PSA or risk survey and any available
literature on risk insights and PSAs . . . Similarly, the NRC staff will also employ

Revision 13, March 13,1997 1 RI-TS SRP
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risk insights and PSAs in evaluating Technical Specifications related submittals.
Further, as a part of the Commission's ongoing program ofimproving Technical
Specifications, it will continue to consider methods to make better use ofrisk and

,

reliability information for defining future generic Technical Specification;

requirements."

The Commission reiterated this point when it issued the revision to 10 CFR 50.36 in July 1995.

Risk-informed TS submittals primarily deal with permanent changes to TS requirements, i.e., as
' the name suggests, the requirement is pmie.cntly changed when approved, and is applicable for

all future occurrences. A one-time change to a TS requirement, where a different requirement is
requested for a particular incident, also can use risk-informed evaluations, but P. involves slightly
different considerations. This Standard Review Plan section focuses on permanent risk-m' formed
changes to TS involving changes in AOTs or STIs. In addition, general guidance for reviewing
risk-informed regulatory applications can be found in SRP Chapter 19.0, "Use ofProbabilistic
Risk Assessmem in Plant-Specific, Risk-Informed Decision Making. General Guidance."

.

'

.
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.

REVIEW RESPONSIBILITIES

Pdmary responsibility for evninnting the technical bases for TS modifications resides with the lead
technical branch, as speciSed in SRP Chapter 16.0," Technical Specifications." Other branches
with review responsibility for risk-informed TS change requests include the Probabilistic Safety
A===mant Branch, the Technical SpeciScations Branch, and the appropriate Project Directorate.

!
i

i
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L AREAS OF REVIEW

NRC Regulatory Guide DG-1061, "An Approach for Using Probabilistic Risk An*= ment in
Risk-Informed Decision * on Plant-Specific Changes to the Current Licensing Basis," (Reference
15) describes a four-elern .t approach for evaluating risk-informed regulatory changes. The
individual elements are described in detail in Chapter 2 ofRegulatory Guide DG-1061. The areas
of review for each of these elements for risk * formed TS are discussed below.m

Element 1: Define the Proposed Change

The licensee needs to explicitly identify the particular technical specifications that are affected by
the proposed change, and identify available engineering studies, methods, codes, and PRA studies
that are related to the proposed change. The licensee should consider how such changes willi

affect conformance with the plant's current licensing basis (CLB)3. The licensee should also
determine how the affected systems, components, or parameters are modeled in the PRA and
should identify all elements of the PRA that the change impacts. The licensee should utilize PRA
insights to both determine the impact of the change on plant safety and to. understand the impact
on the licensing basis. Section HI.A provides a description of the review process for Element 1.

Element 2: Conduct Engineering Evaluations

The licensee should examine the proposed change to verify that it does not compromise the intent
of existing applicable rules and regulations. In addition, the licensee should determine how the

!

change impacts defense in depth aspects of the plant's design and operation, and should determine
the adequacy of safety margins following the proposed change. Finally, the licensee should
consider how plant and industry operating experience relates to the proposed change, and what
potential compensatory measures could be taken to offset any negative impact from the proposed
change.

The licensee should also perform risk-informed evaluations of the proposed change to determine
the impact on plant risk. The evaluation should explicitly consider the specific plant equipment
affected by the proposed TS changes and the effects of the proposed change on the functionality,

I
Ihis SRP adopts the 10 CFR Part 54 defuution of current hoenang basis. That is, *Cummt lacenang Basis (CLB) is the

as ofNRC requrements appizable to a specife plant and a luensee's wriaen corranitments for ensunng w..,A w with and
opershon with in apphonbic NRC roquaements and the plantapacific design basis (including all trw=hr,=t<=is and additions to such
commaments over the hfe of the license) that are docketed and in efract. The CLB includes the NRC regulations contamed in 10
CFR Parts 2,19,20,21,26,30,40,51,54,55,70,72,73,100 and _;, therecor, orders;Isoense c-r e --A exempdons; and

'

technscal ar-r,=6am h also includes the $-HL ' .- his informanon dermed in 10 CFR 50.2 as documented in the
most recent final safety analysis report (F3AR) as requaed by 10 CFR 50.71 and the beensee's comnutments remammg in efrect that
were made in dockened beensmg correspondence such as licensee responses to NRC bulletins, genene letters, and enforcement
=tions, as wee as im-w commnnwnts documented in NRC mfety evaluations or hcensee event reports *

Revision 13, March 13,1997 4 RI-TS SRP

.. - -



- _._ _ . . _ _ _ . _ . . _ . _ . _ _ . _ . _ . _ . _ _ _ _ . _ . . . .

. ,

DRAFTFOR COhBfENT

reliability, and availability of the affected equipment. The necessny scope and level of detail of !

the analysis depends upon the particular systems and functions that are affected, and it is !

r+xch' that there will be cases for which a qualitative, rather than quantitative, risk analysis is
acceptable.

:

The licensee should provide the rationale that supports the acceptability of the proposed changes
by integrating probabilistic insights with traditional considerations to arrive at final determination

|
of risk. The determination should consider the continued confonnance to existing applicable rules

and regulations, the adequacy of the traditional engineering evaluation of the proposed change,
and the change in plant risk relative to the acceptance guidelines. All of these areas should be
adequately addressed before the change is considered acceptable. Section E.B provides a
description of the review process for Element 2.

Element 3: Develop Implementation and Monitoring Program

The licensee should develop an implementation and performance monitoring program formulated
to confirm the assumptions and analyses that were conducted tojustify the CLB change, to
ensure that plant operational safety can be maintained consistent with the assumptions in the PRA
analysis ofElement 2, and to ensure that the process provides criteria for taking actions based on
the results of the monitoring efforts Section III.C provides a description'of the review process for
Element 3.

r

Element 4: Submit Proposed Change

The final element involves the licensee's documentation'of the analyses and submittal of the

request. The submittal will be reviewed by NRC according to this standard review plan. Section
III.D provides a description of the documentation guidelines for Element 4.

!

.

Revision 13, March 13,1997 5 RI-TS SRP
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IL ACCEITANCE GUIDELINES

For each TS application, the reviewus should ensure that each of the five key principles of the
staff's philosophy of risk-informed decision making is met. These principles are described in
Chapter 2 ofRegulatory Guide DG-1065, "An Approach For Plant-Specific, Risk-Informed
Decision Making: Technical Specifications." The following sections provide more specific
rih on meeting these principles.

A. Traditional Engineering Guidelines

General traditional engineering acceptance guidelines can be found in SRP Chapter 19.0, Section
II.3.1, '' Evaluation ofDefense-in-Depth Attributes and Safety Margins." Additional guidance as
to how these acceptance guidelines relate to TS change requests is provided here.

1. Defense-in-Deoth

The licensee should assess whether the proposed TS change meets the defense-in-depth principle
(principle #2). Defense-in-depth consists of a number of elements as summarized below. These
elements can be used as guidelines for making that assessment. Other equivalent acceptance

; guidelines are acceptable.
|

|- Defense-in-depth is maintained:
;

1
: ,

| a reasonable balance among prevention of core damage, prevention of containment failure,*

; and consequence mitigation is preserved, e.g., the proposed change in a TS AOT or STI

| has not significantly changed the balance among these principles of prevention and

| mitigation. TS change requests should consider whether the anticipated operation changes
i associated with a change in an AOT or STI could introduce new accidents or transients or
: could increase the likelihood of an accident or transient.
!

| over-reliance on programmatic activities to compensate for weaknesses in plant design is*

| avoided, e.g., a programmatic configuration control process should not be relied upon to
i account for a large risk increase associated with a TS AOT extension.

!

| system redundancy, independence, and diversity are maintained commensurate with the*

| expected frequency and consequences of challenges to the system, e.g., there are no risk

i.
outliers (the following items should be considered):

| there are appropriate restrictions in place to preclude simultaneous equipment outages that-

! would erode the principles ofredundancy and diversity;

}
i
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compensatory actions to be taken when entering the extended AOT for pre-planned-

1

maintenance are identified;

voluntary removal of equipment from service during plant operation should not be-

scheduled when adverse weather conditions are predicted or at times when the plant |
!

may be subjected to other abnormal conditions;

the impact of the TS change on the safety function should be considered. For-

example, what is the impact of a change in the AOT for the low pressure safety
injection system on the overall availability and reliability of the low pressure injection
function?

defenses against potential common cause failures are maintained and the potential for*
introduction of new common cause failure mechanisms is assessed, e.g., TS change

requests should consider whether the anticipated operational changes associated with a .

change in an AOT or STI could introduce any new common cause failure modes not j

previously considered. |
"

|

independence of baniers is not degraded, e.g., TS change requests should address the*

licensee's overall configuration risk management system which will provide a means of
ensuring that the independence of barriers has not been degraded by the TS change.

defenses against human errors are maintained, e.g., TS change requests should consider*

whether the anticipated operation changes associated with a change in an AOT or STI
could change the expected operator response or introduce any new human errors not
previously considered.

2. Safety Mareins

The engineering evaluation conducted should assess whether the impact of the proposed TS
change is consistent with the principle that sufficient safety margins are maintained (principle #3).
An acceptable set of guidelines for making that ass-ssment are summarized below. Other-

equivalent decision guidelines are acceptable.

Suf5cient safety margins are maintained:

codes and standards or alternatives approved for use by the NRC are met, e.g., theo
proposed TS AOT or STI change is not in conflict with approved codes and standards
relevant to the subject system.

Revision 13, March 13,1997 7 RI-TS SRP
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|
.

safety analysis acceptance criteria in the FSAR are met, or proposed revisions provide* *

suf5cient margin to account for analysis and data uncertainty, e.g., the proposed TS AOT i

! or STI change does not adversely affect any assumptions or inputs to the safety analysis, I
or, if such inputs are affected, justification is provided to ensure sufficient safety margin

'

c
! will continue to exist. For TS AOT changes, an nue== ment should be made of the affect

on the FSAR acceptance criteria assuming the plant is in the AOT (i.e., the subject |
'

equipment is inoperable), and there are no additional failures. Such an assessment should

i result in the identification of all situations where entry into the proposed AOT could result
,

in failure to meet an intended safety function.

3. The licensee has demonstrated that the modification is needed and will ensure adequate.

| rehability and availability of significant safety systems.

; 4. The licensee has provided thejustiScation for the modification based on the guidance in
I Section III.A.

} B. Probabilistic Guidelines ..

4 <
*

1

i The guidelines discussed in Regulatory Guide DG-1061, Section 2.4.2, " Evaluation of Risk |
: Impact, Including Treatment ofUncertainties" are applicable to TS change requests. l
i General guidelines for evaluating the risk impact from changes to the current licensing basis can '

i
be found in SRP Chapter 19.0, Section 11.3.2," Risk Assessment." It should be noted that these

: guidelines apply only to permanent changes to TS requirements. TS AOT changes are permanent
i

; changes, but, because AOTs are entered infrequently and are temporarj by their very nature, the
'

following additional guidelines are provided for TS AOT modifications:
,

i
i

1. The licensee has demonstrated that the TS AOT modification has only a very small
#

quantitative impact on plant risk. An incremental conditional core damage probability
j (ICCDP)2 of 5.0E-7 is considered very small for a single TS AOT modification. Also, the ~

| ICCDP contribution should be distributed in time such that any increase in the associated

| instantaneous risk is very small and within the normal operating background (risk
i fluctuations) of the plant. A incremental conditional large early release probability

; (ICLERP) of 5.0E-8 or less is also considered very small. (Tier 1)

! 2. The licensee has demonstrated that there are appropriate restrictions on dominant risk-
significant configurations associated with the modification. (Tier 2)

e

d

j 1CCDP = [(conditional CDF with the subject equipment out of service) - (baseline CDP with2

j anmimi expected equipment unavailabilities)) X (single AOT duration under consideration).
:

Revision 13, March 13,1997 8 RI-TS SRP
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,

|

| 3. The licensee has implemented a risk-informed plant configuration control program. The
.

i 4licensee has implemented procedures to utilize, maintain, and control such a program

l
In addition, if multiple TS changes are proposed, the cumulative impact of the proposed TS |

changes should be calculated and presented, in addition to the individual impacts. The total, )
.

cumulative impact should be estimated using the average value of the calculated risk metrics (e.g., !
| CDF, LERF) The conditional measures (i.e., ICCDP and ICLERP) do riot directly apply m

|

| evatneing the totalimpact from multiple changes. |

l

In presenting the a=n1% risk impact, the base case PRA model should be used consistently. It
'

should not contain any of the proposed changes, but should reflect any other recent charges to
the plant. The same model used for evaluating the individual changes should be used for assessing
cumulative impact. Plant practices proposed for implementation as part of the TS changes should
not be credited in the base case.

.

I

-1
.

,

I

.

i

.

|
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iIII. REVIEW PROCESS
|

16= are expected to provide strong technical bases for any TS change. The technical bases
-

should be rooted in traditional engineering and system analyses. TS change requests based on
PRA resuhs alone should not be submitted for review. TS change requests should give proper
attention to the integmtion of considerations such as conformance to Standard Technical
Speci6 cations, generic applicability of the requested change ifit is different from Standard

, Technical Specifications, operational constraints, manufacturer recommendations, and practical
considerations for test and maintenance Standard practices used in setting AOTs and STIs
should be followed, e.g., AOTs nominally used are 8 hours,12 hours,24 hours,72 hours,7 days,
14 days, etc. STIs nominally used are 12 hours,7 days,1 month,3 months, etc. Using such
standards greatly simplifies implementation, scheduling, monitoring, and auditing. Logical
consistency among the requirements should be maintained, e.g., AOT requirements for multiple
trains out of service should not be longer than that for one of the constituent trains.

.

A. Definition of Proposed Change

The licensee should include the reasons for requesting the TS change or bhanges in the submittal
and should demonstrate the need for the requested change. Acceptable reasons for requesting TS
modifications will most likely fall into one or more of the categories below.

!

1. Improvement in Operational Safety
-

The reason for TS modification may be to improve operational safety, that is, an improvement or
reduction in the plant risk, or a reduction in occupational exposure of plant personnel in

! complying with the requirements.

2. Consistency ofRisk Basis in Regulatory Requirements

; The TS modifications requested can be supported by their risk implications. TS requirements can

| be changed to reflect improved design features in' a plant or to reflect equipment reliability

| improvements that make a previous requirement unnecessarily stringent or ineffective. TS may be

| changed to establish consistently based requirements across the industry or across an industry
group. It must be ensured that the risk following the change remains acceptable.l

I

Revision 13, March 13,1997 10 RI-TS SRP

. __ . - _ - - -



-

- - ___

,,

DRAFTFOR COMMEhT

3. ReduceUnnecessary Burdens

The change may be needed to reduce unnecessary burdens in complying with current TS
requirements, based on the operating history of the plant or industry in general. For example, in
specmc no , the usual repair time needed may be longer than the AOT defmed in the TS.
The required surveillance may lead to plant transients, result in unnecessary equipment wear,
resuh in excessive radiation exposure to plant personnel, or place unnecessary administrative
burdens on plant personnel that are not justified by the safety significance of the surveillance. In
some cases, the change may provide operational flexibility, and in those cases, the change may
increase the allocation of plant personnel's time to more safety-significant aspects of plant

operation.

The reasons for requesting changes can form an important input in the decision to seek the
requested changes and define the evaluations necessary to justify the modifications.

B. Engineering Evaluations
.

1. Traditional Engineering Evaluation
~

Compliance With Current Regulationsa.

In evaluating proposed changes to TS, the licensee must ensure that current regulations are being
followed (principle #1). The NRC regulations specific to TS requirements are stated in 10 CFR
50.36," Technical Specifications." Additional information with regard to the NRC's policies on
TS is contained in the NRC Final Policy Statement on Technical Specifications Improvements for

Nuclear Power Reactors (58 FR 39132). These documents define the main elements of TS and
provide criteria for items to be included in the TS. The final policy statement and the statement of
consideration for 10 CFR 50.36 (60 FR 36953) also discuss the use of risk-informed approaches
to improve TS. Regulations regarding application for and issuance oflicense amendments are
found in 10 CFR 50.90,50.91, and 50.92. In addition, the licensee should ensure that the TS
change does not result in non-compliance with any other portion of the current licensing basis.

b. Evaluation of Defense-in-Depth Attributes & Safety Margins

One asped of the engineering evaluations is to show that the fundamental safety principles on
which the plant design was based are not compromised. Design basis accidents (DBAs) play a
central role in nuclear power plant design. DB As are a combination of postulated challenges and
failure events against which plants are designed and design features that ensure adequate and safe
plant response. During the design process, plant response and associated safety margins are
evaluated using assumptions which are intended to be conservative. National standards and other'

Revision 13, March 13,1997 11 RI-TS SRP
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considerations such as defense-in-depth attributes and the single failure criterion constitute
additional engineering considerations that influence plant design and operation. Margins and
defenses associated with these considerations may be affected by the licensee's proposed TS
change and, therefore, should be reevaluated to support a requested TS change. As part of this
evaluation, the impact of the proposed TS change on affected equipment functionality, reliability,
and availability will be determined. The engineering evaluation conducted should evaluate

whether the impact of the proposed TS change is consistent with the principle that adequate
defense-in-depth is maintained. In addition, the engineering evaluation conducted should assess

whether the impact of the proposed TS change is consiment with the principle that adequate
safety margins are maintained. The reviewers should confirm that the acceptance guidelines in
Section II.A of this SRP are met with respect to the maintenance ofdefense-in-depth and safety
margins.

c. Additional Engineering Considerations

Traditional engineering considerations that are unique to TS risk-informed techniques should also
be taken into account in an engineering evaluation. These items can be summarized as follows:

i. TS AOT and STI modifications should be supported by the overall safety benefit.
:

ii.
Justification for TS AOT modifications should be based on the need for extended
equipment outage time and the demonstrated availability of redundant equipment. The
AOT defmed should be adequate to complete the majority of the component repairs or
post-maintenance activities intended to be performed during power operation; however,
AOTs should not be based solely on preventative maintenance activities that require long
outage times but occur infrequently (e.g., once every five years). In addition, the AOT

. should be adequate to conduct any required surveillance tests that render the component
or system inoperable. The burden of testing and maintenance can place a stress on the
crew, which can affect the quality of the testing or maintenance and thereby the
component reliability. Crew burden should be part of the consideration in deciding
changes to requirements.

iii. Regardless of the AOT, the actual time equipment is removed from service should be

minimized. The removal should be performed during stable plant conditions and repeated
TS entries should be avoided.

iv. TS change requests should consider both plant-specific and industry-wide operational '

experience on systems important for coping with trasients or accidents.

Some systems may not be modeled by the plant's PRA but could affect the best estimate ofv.

Revision 13, March 13,1997 12 RI-TS SRP
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the performance or availability of systems that might provide a backup function for the
system for which the TS change is being requested (this could change the required
performance or availability of the system for which the TS change is being sought). The
review abould, therefore, consider systems beyond those modeled in the PRA.

2. Probabilistic Engineering Evaluation

The staffuses a three-tiered approach in its evaluation of the risk associated with proposed TS
changes. The first tier is an evaluation of the impact on plant risk as expressed by the change in
core damage frequency (A CDF), the incremental conditional core damage probability and the
incremental conditional large earl release probability resuhing from the TS change. The second/
tier is an evaluation of the licensee's process used to address potentially high risk configurations
that could exist if equipment in addition to that associated with the change were to be taken out of
service simultaneously, or other risk significant operational factors such as concurrent system or
equipment testing were also involved. The objective of this part of the staffs review is to ensure
that appropriate restrictions on dominant risk-significant configurations associated with the
change are in place. The third tier is an evaluation of the licensee's overall configuration risk
management system to ensure that adequate programs and procedures are in place to identify and
compensate for other potentially lower probability, but none the less risk significant,
configurations resulting from maintenance and other operational activities.

a. Tier 1: PRA Capability and Insights

The first tier assesses the impact of the proposed TS modification on conditional core damage
frequency (CCDF), incremental conditional core damage probability, and incremental conditional
large early release probability. Two aspects need to be considered: 1) the validity of the PRA,
and 2) the PRA insights and findings. The depth of the staff review at this stage will depend on
the extent to which the licensee has demonstrated that its PRA is valid for assessing the proposed i

TS modifications and the overall impact of the TS change on plant risk. The key aneas for review
ofTier I considerations are discussed in the following sections. i

.

I. Breadth and Depth ofPRA Review

The breadth and depth of the PRA review should be addressed in the review for TS changes. The
breadth and depth of the review will depend on several factors:

a) The emphasis placed on traditional analysis as opposed to PRA in establishing the
basis for the TS modification.

If the justification for the modification is based on well founded traditional arguments

Revision 13, March 13,1997 13 RI-TS SRP
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that are easily supported by PRA insights, then only a limited PRA review may be
.

I
-

'
|warranted. However, if a TS change is primarily based on complex PRA arguments

with a limited traditional basis, then the breadth and depth of the PRA review will be
i substantially greater.

j b) The safety signincance of the structure, system or component under consideration.
; I

The level of radaadwy, diversity and need for operator recovery actions will impact
the safety signiScance of any proposed TS modification. The reliance on operator
actions to perform a safety function under high stress conditions will, for example,
require greater scrutiny of the human reliability analysis than of automatic systems. ;

c) The validity of the PRA. !.

An initial evaluation of the PRA will be needed to obtain a degree of confidence in
the validity of the PRA. The necessary level of confidence will depend on the )
application. Validity of the PRA with respect to the decision making process can be
established by evaluating ;

I) consistency of the PRA methodology with acceptable methods and practices
ii) robustness of the results through sensitivity studies
lii) consistency of the FRA findings with respect to the plant's design and operational !

characteristics
iv) modeling detail and scope necessary to support the decision making activity
v) representation of the as-built, as-operated plant

d) The consistency of the TS modi 6 cation to other TS proposals approved by the NRC.

If there is a baseline for approving similar TS modifications for similar type plants, ' ~

then only differences between previously accepted submittals and the one under
review would need to be assessed.

The need to independently validate the PRA in the context of the TS proposal is based on the
need to establish a defensible probabilistic basis for approving the TS modification. The basis will
depend on the extent to which PRA plays a role in the decision making process.

ii. PRA Review Considerations

The Tier 1 PRA review will cover the items presented below. Therefore the licensee's application
must contain suf5cient detail to evaluate these items. General guidance for reviewing these items

Revision 13, March 13,1997 14 RI TS SRP
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can be found in SRP Chapter 19.0, Section H.3.2," Risk Assessment." Additional guidance
specific to the review of TS modifications is provided here.

a) Quality ofthe PRA

The reviewer should consider the quality and validity of the PRA during the review
of the licensee's submittal for the TS modification.

Has the PRA been previously reviewed by the NRC7 Did the NRC SER on the IPE
or other NRC reviews of the PRA identify any shortcomings? Have any identified
shortcomings been addressed and satisfactorily resolved by the licensee, if they are
relevant to the proposed TS modification?

Appendix X ofRegulatory Guide DG-1061 and Section 4.3.1 ofRegulatory Guide
DG-1065 provides additional guidance on PRA quality. -

b) Scope
.

A full scope PRA (Level 3)is not needed for TS evaluations. Also, in most cases, a
Level 2 PRA with external events for all modes of operation will not be required for
TS modification applications. If, for example, a system in question is only used at full
power, no low-power or shutdown PRA is needed. The review of the scope of the
PRA used in evaluating a TS modification should ensure that the guidance contained
in Section 4.3.2 ofRegulatory Guide DG-1065 is met.

.

c) Modeling Level ofDetail

The review of the level of detail of the PRA used in evaluating a TS modification
should ensure that the guidance contained in Section 4.4.3.1 of Regulatory Guide
DG-1065 is met.

d) Modeling ofInitiating Events

The review ofinitiating event modeling of the PRA used in evaluating a TS
modification shottid ensure that the guidance contained in Section 4.3.3.2 of
Regulatory Guide DG-1065 is met.

e) Screening Criteria and Truncation Limits

Revision 13, March 13,1997 15 RI-TS SRP
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The review of the PRA screening criteria and truncation limits used in evaluating a
TS moddication should ensure that the guidance contained in Sections 4.3.3.3 and
4.3.3.4 ofRegulatory Guide DG-1065 is met.

f) Assumptions in Applying PRA for TS Modifications |

I
The review of the assumptions in applying the PRA to a TS modification should
ensure that the guidance contained in Section 4.3.3.5 ofRegulatory Guide DG-1065
is met.

g) PRA Assumptions

The review of the PRA assumptions used in evaluation a TS modification should
ensure that the guidance contained in Section 4.3.4 ofRegulatory Guide DG-1065 is
met.

b) Sensitivity and Uncertainty Analyses -

The review of any sensitivity and uncertainty analyses used in evaluating a TS ;

modiScation should ensure that the guidance contained in Section 4.3.5 of
Regulatory Guide DG-1065 is met.

b. Tier 2: Avoidance ofRisk Significant Plant Configurations

The licensee's assessment should also provide reasonable assurance that risk-significant plant
equipment outage configurations will not occur when specific plant equipment is out of service
consistent with the proposed TS AOT modification. An effective way to perform such an
assessment is to evaluate systems and/or components while in a LCO (equipment AOT) condition.

| Once system equipment is evaluated (by CCDF with LERF correlation), an assessment can be
| made as to whether certain enhancements to the TS, or procedures, are required to avoid risk-

significant situations. In addition, wisivensatory actions that can mitigate any corresponding
increase in risk, i.e., backup equipment, increased surveillance frequency, or upgrading procedures
and training can be used to offset the risk associated with certain configurations. These
compensatory actions should have been evaluated and incorporated into the first tier where
practical to do so. In addition, the review ofTier 2 for TS modifications should ensure that the
guidance enrai=i in Section 4.3.6 ofRegulatory Guide DG-1065 is met.

c. Tier 3: Risk Informed Plant Configuration Control / Management

The third tier focuses on licensee programs that ensure that the risk impact of out-of-service.

.

Revision 13, March 13,1997 16 RI-TS SRP
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i

| equipment is appropriately evaluated prior to and while perfonning any maintenance activity. A

! viable program is able to uncover risk-signi6 cant plant equipment outage configerations as they

j evolve during normal plant operation. This can be accomplished by quantitatively evaluating the

| impact of equipment unavailability, operational activities like testing or load dispatching, or

|
weather conditions on plant risk. The need for a third tier stems from the difBculty in identifying
all possible risk-significant configurations under Tier 2. Tier 2 programs typically result in a table
or set of tables that assume certain systems are unavailable and specify other systems that cannot;

,| be out of service under the armad conditions. This third tier is needed because of the dif5culty

of providing a set of tables under Tier 2 that cover all plant configurations that will ever be
i encountered over extended periods ofplant operation. In addition, the review of Tier 3 for TS ,

| modifications should ensure that the guidance contained in Section 4.3.7 ofRegulatory Guide

DG-1065 is met.
|

} C, Impicmentation and Monitoring Program
,

Application of the three-tiered approach described below is in keeping with the fundamental'

principle that performance-based implementation and monitoring strategies)e employed to
,

account for uncertainties in analysis models and data (principle #5). Because of such
;

j
uncertainties, these nethods are used to avoid, or severely limit, the time durations during which

|
| plant operation is allowed with high-risk configurations of plant equipment (i.e., with excessive

j unavailability of critical safety equipment).

i

| 1. Three-Tiered Implementation Approach
i

!
As described in Section III.B.2 of this SRP, the staff has identified a three-tiered approach toi

I evaluating the risk associated with proposed TS changes. The first tier is an evaluation of the

3 impact on plant risk as expressed by the change in core damage frequency (A CDF), the '

! incremental conditional ccre damage probability and the incremental conditional large early

3 release probability resulting from the TS change. The second tier is an evaluation of the process
nsed to address potentially high risk configurations that could exist if equipment in addition 10

,

j
that associated with the change were to be taken out of service simultaneously, or other riskj
significant operational factors such as concurrent system or equipment testing were also involved.

!
The objective of this part of the review is to ensure that appropriate restrictions on dominant risk-I i

j significant configurations associated with the change are in place. The third tier is an evaluationI

j of the overall configuration risk management system to ensure that dequate programs and
procedures are in place to identify and compensate for other potenta fly lower probability, buti
none the less risk significant, configurations resulting from mainteaance and other operational j

y

activities.
,

.

I
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,

2. Maintenance Rule Control

In order to ensure that extension of a TS AOT or STI does not degrade operational safety over
time, the licensee should ensure performance monitoring mechanisms are in place to identify
negative trends in availability or reliability of equipment impacted by TS changes. As part of
implementing the maintenance rule (10 CFR 50.65), each licensee mo:;t likely will have developed
availabnity and reliability goals for the majority of TS equipment which could provide such a
performance monitoring mechanism. The effect of TS changes should be considered if any
adverse trends in meeting established goals are identified through implementation of the
maintenance rule. If the licensee concludes that the performance or condition of e TS system or

cc nponent affected by a TS change does not meet established goals, appropriate corrective action
sLall be taken to reverse the t.end, in accordance with the maintenance rule. Such corrective

action may include submittal of another TS change to shorten the revised AOT or STI, if the
licensee determines this is an important factor in reversing the negative trend.

D. Documentation ,

The evaluations performed to justify th proposed TS changes should be documented and
included in the license amer %ent request submittal. The documentation should include the

following:

1. A description of the TS changes being proposed and the reasons for seeking the changes,

2. A description of the process used to arrive at the proposed changes,

3. Traditional engineering evaluations performed,

4. Ch mges made to the PRA for use in the TS change evaluation,

5. Review of the applicability and quality of the PRA models for TS evaluations,

6. Discussion of the risk measures used in the evaluating the changes,

7. Data additional to the plant's PRA database developed and used,

8. Summary of the risk measures calculated including intermediate results,

Rtw, ion 13, March 13,1997 18 RI-TS SRP
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9. Sensitivity and uncertainty analyses performed,

10. Summary of the risk im=Ms of the proposed changes and any compensating actions
proposed,

i
1

11. A tabulation ofequipment outage configurations that could threater. the integrity of
important safety functions and that are prohibited by TS or plant procedures (Tier 2).

12. A description of the capability to perform a contemporaneous assessment of the overall
i impact on safety of proposed plant configurations including an explanation of how these )
! tools will be used to ensure that risk-significant plant conGgaimions will not be entered I
i and that appropriate actions ws! be taken when unforeseen events put the plant in a risk- i'

significant configuration (Tier 3). i
i

; 13. A marked up copy of the relevant TS and Bases. The level of detail provided in the TS !

| Bases should include adequate information to provide the technical basis for the revised
AOT or STI.

.

,

j 14. All other documentation required to be submitted with a license amendment request.
; .

5

i
i

:

i

,
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IV. EVALUATION FINDINGS

Refer to SRP Chapter 19.0, "Use ofProbabilistic Risk Assessment in Plant-Specific, Risk-
Informed Decisioam*Wg General Guidance," Section III " Evaluation Findings," for guidance
on this topic. In addition, the following items should be addremd in safety evaluations for TS
changes,

Background and NRC review objectives (Input from PRA Policy statement and othere
C+ - 4: don documents).!

Breadth and depth of the review*

The discussion of the breadth and depth of the review should consider the following

factors:

The emphasis placed on traditional analysis as opposed to PRA in establishing the-

basis for the TS modification.
-

The safety significance of the structure, system or component under consideration.-

The validity of the PRA.-

The consistency of the TS modification to other TS proposals approved by the NRC.-

.

.
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V. IMPLEMENTATION

'ne following is intenced to provide guidance to applicants and licensees regarding the NRC
staffs plans for using this SRP section.

Except for those cases in which the applicant proposes an acceptable alternative method for
complying with specified portions of the Conunission's regulations, the methods desenM herein
will be used by the staffin its evaluation of conformance with Commission regulations.

-

|

|

Revision 13, March 13,1997 21 RI-TS SRP
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ABSTRACT

in August 1995. te Nuclear Regulatory Commission issued a policy statement proposing improved regulaton

decisionmaking "by increasing the use of PRA [probabilistic risk assessment / analysis) in all regulatory matters to the

extent supported by the state-of-the-art in PRA methods and data? To support the implementation of the
Commission's pobey. regulatory guidance documents have been developed by the staff (as drafts for public comment)

describing how PRA can be used in specific regulatory actisities. many of which relate to licensee-proposed changes

to their current licensing basis (CLB). In addition. a more general regulatory guide has been developed which

desenbes an oserall approach to using PRA in nsk-informed regulation One key aspect of this general guidance is

the attnbutes of an acceptable PRA for such regulatory actisities. Detailed discussion is prosided for a full-scope PRA

(i e.. a PRA that considers both internal and extemal events for all modes ofoperation). In addition, discussions are |

prosided for the use and limitations ofimportance measures and sensitivity studies. Finally, the subject of peer review

of a PRA is also discussed.
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EXECUTIVE SUMMARY

Introduction

in August 1995, the Nuclear Regulaton Commission (NRC) issued a policy statement croposmg improved regulaton-h

decisionmakmg"by increasing the use of PRA {probabilistic risk assessment /analysisi m all regulamn matters to t eTo support the tmpicmentation of the
extent supponed by the state-of-the-an tn PRA methods and data." h

Comnussion's policy, regulatory guidance documents are being developed by the staff (currently as drafts for pub ch l licensee-proposed

wmtnem) uewribing how PRA can be used in speci6: regulacon activities many of wiuc re ate toiii is what are
changes to their current bcensing basis (CLB). One key aspect of using PRA for such regulatory act s t esddress the scope and attnbutes
the appropriate scope and attributes of the PRA The mam purpose of this report is to ad b tes of
of a PRA that adequately represents the plant design and operation. It is recognized that the scope an attn udi l his report is
a PRA may be different depending upon its intended use or on the issue being evaluated. Accor ng y, thelp in making decisions
intended for use as reference or supportmh nformation which PRA analysts can use toi b d to help:

regardmg the scope and attnbutes of a PRA appropriate for their analysis. Thus. this report can e use

Derme the main attributes of each task of a PRA that is intended to support nsk-informed regulaton~
-

decisiormakmg,

Identify task-by task issues that should be considered when using a PRA to assess the impact of proposed
-

CLB changes.

Proside suppomng information for peer reviewers judgtng the adequacy of a PRA intended to support nsk-
-

informed decisionmaldng. and

Identify attnbutes and limitations of impunance at:alyses and qualitative ranking methods that are mostSSCs)

appropnate for use in screenmg analyses and in categonzanon of structures. systems, and components (
-

and human activines according to their contnbution to risk and safety.

In addition, this report may be a valuable step in the development of standards for PRAs. As discussed in OMB
Circular No. A-119 (FRN. Vol. 58. No. 205. October 26.1993) federal agencies have been directed to make greateri l ii a d others
use ofconsensus standards in their activities. As such the staff will be interactmg with techn ca soc et es n
to develop such consensus standards in parellel with the ftnalization of this repon.

Scope and Limitations

A PRA of a nuclear power plant is an analytical process that quantifies the potential risk associated with the design.R i d

operation and mamtenance of the plant to the health and safety of the public. Traditionally, a full-scope P A s useh i b aks and external
to quantify the nsk from accidents initiated in the plant (from internal initiating events suc as p pe re
irutiating events such as earthquakes) and during both full power and low power / shutdown conditions.

The risk evaluanon involves three sequential parts or "leveis" identification and quantification of the sequences oft and
events leadmg to core damage (Level 1 analysis); evaluation and quantification of the mechanisms, amoun s,l i

probabihues of subsequent radioactive material releases from the containment (Level 2 analysis). and the eva uat onl i ) A full-
and quantificanon of the resulting consequences to both the public and the environment (Level 3 aci ys s .li

scope PRA. as defined here. does not include evaluation of accidents irutiated by sabotage events or that resu t nf,

xi
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releases from other radioactive matenal sources such as the spent fuel pool. routme. small releases of radioactne
material. and does not include the risk to plant personnel from any accident.

The elem*nts at a full-scope PRA. and the attributes fer the analysis ofeach element. presented in this repon reflect
the following general considerations:

Le design. construction. and operational practices of the plant being analyzed is expected to be consistent
*

with its CLB

The PRA being performed is expected to realistica!!y ref!:ct the desi;;n construcuen. and operations!
-

practices. The Commission's policy statement on the expanded use of PRA indicates that "PRA evaluations
in support of regulatory decisions should be as realistic as practicable." Consequently. the PRA used to
suppen risk-informed decisiorunaking is expected to reflect the impact of previous changes made to the CLB.
In this context, it is presumed that the particular application of PRA for which these attributes apply is
quanotative in nature. and that the change under consideration can be modeled in the PRA (by manipulation
of basic event information or the event tree / fault tree logic model).

The discussions presented in the repon are in terms of functional requirements. In general, presenptive
-

guidance is not provided. nor are characterizations 01 specific methods. In some circumstances, however.
where an issue is both important to risk results and poorly understood. prescriptive solutions are stated to
reduce potential PRA-to-PRA variabihty.

The described PRA attributes are meant to cover a wide range of risk-informed regulatory applications.
:..

Additional attnbutes for specific applications are described in the application-specific regulatory guides.

PRA models have been develored and are being used for real-time monitonng of plant operations (and
*

resulung momtonng of risks). The attributes for such models may be quite different f*om those for models
associated with regulatory applications. and are. herefore, not addressed in this report.

Role in Risk-Informed Regulation

This document discusses PRA attributes that suppen Draft Regulatory Guide DG-1061, "An Approach for Ustng
Probabbtistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to Current Licensing Basis?
and the Draft Standard Review Plan (Chapter 19). Use of Probabilistic Risk Assessment in Plant-Specific Risk-
Informed Decisionmakmg:

General Guidance " This repon also is referenced by related risk-informed regulatory
.

guides and their correspondmg standard resiew plan chapters. These include DG-1062 on insenice testmg. DG-1063
on inservice inspection of piping. DG-1064 on graded quality assurance, and DG-1065 on technical specifications.

As mentioned above. the content of this report iv. meant to suppon a wide variety of risk-infomied applications that
mar exceed those covered in the staffs PRA implementation plca. Each risk-informed application imposes different
requirements on the supporting PRA scope and level of detail. This document is intended to be flexible to
accommodate and benefit these applications. Some applications are complex and may necessitate a higher standard

| and high accuracy from a supporting PRA. Since these applications are the mest demanding they dictate the level of
technical detail in this document. However, less demanding applications such as those that need informatio
about PRA insights. or those that rely on quantitative results only in selected areas of the PRA. may use as

, n only

appropriate, simpler models as compared to those described in this document. The process for using risk information
.

in regulatory decisionmaking starts with definition of the scope of the particular application under consideration This
.
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!

, infonnation should be used to identify areas (tasks) in the supporting PRA that are influenced by the application and

th: type of support information needed. This infonnation. in turn. can be used to define appli:a' ole portions of this !
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|
'

Has sufficient supporting information for peer reviewers iudging the adequacy of a PRA intended to support*
,

risk-informed decisionmaktng been provided?

i

Have the attributes and limitations ofimportance analyses and qualitative ranking methods that are most I*
'

i app opriate for use in screening analyses and in categorization of structures, systems. and components (SSCs)

and human activities according to their contribution to risk and safety been adequately discussed?

i
is this report a useful step towards development of consensus standards for PRA methods? What steps+-

,

should be next taken?

I

. All comments should be addressed in writing within 90 days to:
,

,

Mark Cunningham

Office ofNuclear Regulatory Research

; U.S. Nu; lear Regulatory Commission

NiS T10E50

Washington. DC 20555

This report will be issued in final form after it is revised on the basis of comments received.

-,

M. Wayne Hodges. Director

Division of Systems Technology

Office of Nuclear Regulatory Research

.
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FOREWORD

During tne last several years. both the U.S. Nuclear Regulatory Comnussion (SRC) and the nuclear industry hase

recognized that probabilisuc risk assessment (PRA) has esob ed to the point where it can be used increasingly as a

tool in regulatory decisionmakmg. In August 1995, the NRC adopted the following policy statement regarding the
expanded NRC use of PRA.

The use of PRA technology should be increased in all regulatory matters to the extent supported by the state-*

of-the-an in PRA methods and data and in a manner that complements the NRC's deterministic approach and

suppens the NRC's traditional defense-m-depth plulosophy.

PRA and associated analyses (e g.. sensitisity studies. uncertainty analyses. and imponance measures) should*

be used in regulatoiy matters, where practical within the bounds of the state-of-the-art, to reduce unnecessary

conservatism associated with current regulatory requirements, regulatory guides, license commitments and

staff practices. Where appropriate. PRA should be used to support the proposal of additional regulatory
requirements in accordance with 10 CFR 50.109. Appropriate procedures for including PRA in the process
for chanpng regulatory requirements should be des cioped and followed. It is, of course, understood that the

intent of this policy is that existing rules and regulations will be complied with unless these rules and
regulations are resised.

PRA evaluanons in support of regulatory decisions should be as realistic astracticable and appropriate*

supporting data should be publicly available for review.

The Commission's safety goals for nuclear power plants and subsidiary numerical objectives are to be used*

with appropriate consideration of uncertainties in making regulatory judgements on the need for proposing

and backfitting new generic requirements on nuclear power plant licensees.

In its approval of the policy statement, the Comnussion aniculated its expectation that implementation of the policy

statement will improve the regulatory process in three areas: foremost. through safety decisionmalmg enhanced by

the use of PRA insights; through more efficient use of agency resources; and through a reduction in unnecessary burden

on licensees. In parallel with the publication of the policy statement, the staff developed an implementation plan to

defne and organize the PRA-related activities being undertaken. Rese activities cover a wide range of PRA
applications and involve the use of a variety of PRA methods (with variety including both types of models used and ~

l

the detail ofmodelmg needed). Tnis repon focuses on defining the attnbutes of a PRA that will enable it to support

a variety ofapplications desenbed in the staff PRA implementation plan. These applications vary in complexity and !
hence the demand on the quality of the supponmg PRA will also vary. While reading and resiewing this draft repon.

the reader should keep in mind that the level ofdetail and model complexity are influenced by the issue being analy2ed.

I
his report is issued as a draft for comment. Specifically. comments on the following questions are requested: I

Have the main attnbutes of each task of a PRA intended to support risk-informed regulatory decisionmaking
-

been defined?

Have task-by-task issues that should be considered when using a PRA to assess the impact of proposed
-

current licensing basis changes been defmed?,

I
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1. INTRODUCTION

1.1 Background

During the last several years, both the U.S. Nuclear Regulatory Commission (NRC) and the nuclear industry have

recognized that probabilistic risk assessment (PRA) has evolved to the point where it can be used increasingly as a

tool in regulatory decisionmalmg. In August 1995, the NRC adopted the following policy statement regarding the
expanded NRC use of PRA.

The use ofPRA technology should be increased in til regulatory matters to the extent supported by the state-+

of-the-an in PRA methods and data and in a manner that complements the NRC's deterministic approach and
'

suppons the NRC's traditional defense-in-depth philosophy.

PRA and associated analyses (e.g., sensitivity studies, uncenainty analyses, and importance measures) should+

be used in regulatory matters, where practical within the bounds of the state-of-the-an, to reduce unnecessary

conservatism associated with current regulatory requirements, regulatory guides, license commitments and

staff practices. Where appropriate, PRA should be used to support the proposal of additional regulatory
requirements in accordance with 10 CFR 50.109 (Ref.1.1). Appropriate procedures for including PRA in
the process for changing regulatory requirements should be developed and followed. It is, of course,
understood that the intent of this policy is that existing rul:: and regulations will be complied with unless
these rules and regalations are resised.

PRA evaluations in support of regulatory decisions should be as realistic as practicable and appropriate*

supponing data should be publicly available for resiew.

~1he Comtrussion's safety goals for nuclear power plants and subsidiary numerical objectives are to be used.

with appropriate consideration of uncertamties in makmg regulatoryjudgments on the need for proposing and

backfitting new generic requirements on nuclear power plant licensees.

In its approval of the policy statement, the Commission aniculated its expectation that implementation of the policy

statement will improve the regulatory process in three areas: foremost, through safety decisionmalmg 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 statement, the staff developed an implementation

plan to define and organize the PRA-related activities being undenaken. These actisities cover a 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 modehng rmied). For example, one application involves the use of PRA in the assessment of operational

events in reactors. The characteristics of these assessments dictates that relatively simple PRA models be used. In
contrast, other applications may necessitate the use of detailed models.

"Ihis report focuses on defimng the attributes of a PRA that enable it to support a variety of applications described in

the staff PRA implementation plan. These applications vary in complexity and hence the demand on the quality of the

suppcrting PRA will also vary. While reading and reviewing this report, the reader should keep in mind that the
described level of detail and model complexity are focussed on those risk-informed applications that are most
d-ndmg as far as PRA quality is sm uci. Allowance for less demanding risk-informed applications is acceptable
provided it is properlyjustified. In addition, discussion is also provided to direct the PRA user to those attributes in

each PRA task that may be impacted by risk-informed applications.

Draft, NUREG-1602 1-1
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1 Introduction

As discussed in OMB Circular No. A-119 (FRN, Vol. 58, No. 205, October 26,1993), federal agencies hase been
directed to make greater use of consensus standards in their activities. This report may be a first step in the
development of standards for PRAs. As such, the staff will bc interacting with technical societies and others to develop
such consensus standards in parallel with the fmalization of this report.

1.2 Objectives

This repon can be used to help:

Define the main attributes of each task of a state-of the-art PRA that is intended to support risk-informed
1.

regulatory decisionmakmg.

Identify task-by-task issues that should be considered when using a PRA to assess the impact of proposed2.
current licensing basis (CLB) crianges.

Prmide supporting information for peer reviewers judging the adequacy of a PRA intended to support risk-3.
informed decisionmaking.

Discuss attributes and the limitations ofimportance analyses and qualitative ranking methods that are most
appropriate for use in screenmg analyses and in categonzation of structures, systems, and components (SSCs)

4.

and human actisities accordmg to their contribution to risk and safety.

In addition, staff regards the content of this report as a first step towards the development of consensus standards of
PRAs.

t

1.3 Scope

A PRA of a nuclear power plant is an analytical process that quantifies the potential nsk associated with the design,
operation and maintenance of the plant to the health and safety of the public. Traditionally, a full-scope PRA is used

,

|to quannfy the risk from accidents initiated in the plant (from internal initiatmg events such as pipe breaks and external
initiating events such as canhquakes) and during both full power and low power / shutdown conditions.|

identification and quantification of the sequences of
The risk evaluation involves three sequential parts or " levels":
events leading 'o core damage (Level 1 analysis), evaluation and quantification of the mechanisms, amounts, and
probabilities of subsequent radioactive material releases from the containment (Level 2 analysis); and the evaluation
and quantification of the resulting consequences to both the public and the emironment (Level 3 analysis). A full-
scope PRA, as defmed here, does not include evaluation of accidents initiated by sabotage events or that result in
releases from other radioactive material sources such as the spent fuel pool, routine, small releases of radioactive

i

I

matenal, and does not include the risk to plant personnel from any accident.

The elements of a full-secpe PRA, and the attributes for the analysis of each element, are presented in the following
sections. While reading and resiewing this report, the reader should keep in mind the following general considerations:

The design, construction, and operational practices of the plant being analyzed is expected to be consistent.

with its CLB.

1-2Draft, NUREG-1602
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1 Introduction

The PRA Demg peri' rmed is exycted tc res!; nice" r:S:t de desip. ccurruction. and ooerationalo.

practices. The Commission's policy statement indicates that "PRA evaluations in support of regulatory
decisions should be as realistic as practicable." Consequently, the PRA used to support risk-informed

decisionmakmg is expected to reflect the impact of previous changes made to the CLB. In this context, it is1

presumed that the particular application of PRA for which these attributes apply is quantitative in nature, and
that the change under consideration can be modeled in the PRA (by manipulation of basic event information!

|
or the event trcc/fauh t ce !cgic model).

Dis document is not a procedures guide for performing a PRA. Such procedures are wailable in numerous*

documents including NUREGCR-2300, NUREGCR-2815, NUREG'CR-2728, NUREG/CR-4550, Volume
1 NUREG'CR-4840, and NUREG/CR-5259 (Ref.1.2). This document provides attributes (for each PR'A
task) against which a PRA study and its supporting documentation can be compared, then modified and/or
supplemented as needed.

We discussions described below are provided i. terms of functional requirements. In general, prescriptive.

guidance is not provided. nor are characterizations of specific methods. In some circumstances, however,'

where an issue is both important to risk results and poony understood. prescriptive solutions are purposely '

provided to reduce PRA-to-PR A variability. |

He described PRA attributes are meant to cover the most demanding risk-informed regulatory applications,|

|
.

although the principal focus for this draft version of the document has been toes of PRA in CLB changes.
Additional attributes for specific applications are described in the application spect3e regulatory guides.

PRA models have been developed and are besg used for real-time monitoring of plant operations (and
resulting monitoring of risks). The attributes for such models may be quite different from those for models

+

!

associated with regulatory applications, and are not addressed here. l

1.4 Role in Risk-Informed Regulation

This document discusses PRA attributes that support Draft Regulatory Guide DG 1061,"An Approach for Using
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to Current Licensing Basis,'

-

and the Draft Standard Review Plan (Chapter 19).-Use of Probabilistic Risk Assessment in Plant-Specific, Risk-
General Guidance.'' his report also is referenced by related risk-informed regulatoryinformed Decisinnmaing:

j guides and their s.w ding standard review plan chapters. These include DG-1062 on inservice testing. DG 1063or
on inservice inspection of piping. DG-1064 on graded quality assurance, and DG 1065 on technical specifications

4

(Ref.1.3).'

As rne-tioned above, the content in this report is me mt to support a wide variety of risk-informed applications that4

may exceed those covered in the staff s PRA implementation plan. Each risk-informed application imposes different|

requirements on the supportmg PRA scope and level of detail. This document is intended to be flexible to
"-s- date and benefit these applications. Some applications are complex and may necessitate a higher standard

i .

j and high accuracy from a supportmg PRA. Since these applications are the most demanding, they dictate the level ofif i ly
technical detail in this document. However, less demandmg applications, such as those that need n ormat on on;

about PRA insights, or those that rely on quantitative results only in selected areas of the PRA. may use, as:

appropriate, simpler models as wupi to those described in this document. The process for using risk information!

in regulatory decisionmakmg starts with definition of the scope of the particular application under consideration. His
I
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information should be used to identify areas (tasks) in the supporting PRA that are influenced by the application. and
the type of support information needed. This information. in turn. can be used to derme npplicable portions of this
report. Application-specific regulatory guides include further guidance in this area.

1.5 Report Organization

Most PRAs performed for U.S. nuclear power plants have focused on accidents initiated by internal events (includmg
internal floods and fires)during full power operations. As such, the attributes for a PRA jplicable to a power plant
during full power operations are described in Chapters 2 through 4, and in significant detail.' Chapter 2 prosides the
auributes ofa level 1 PRA with enrphasis on accidents initiated by internal events. Chapter 3 follows a similar format
to Chapter 2 but for a Level 2 PRA. Attributes of a Level 3 PRA are presented in Chapter 4. Accidents initiated by
external events during fall power operation are addressed in Cnapter 5, which considers all the levels of analysis. In
Chapter 6, the attributes of a PRA for low power and shutdown operations are presented. Chapter 6 includes

; consideration of accidents initiated by internal and external events and for all three levels of anal 1 s. Information on3

| theuse andlimita: ions ofimpor:ance measures is provided in Appendix A. Finally, Appenix B presents information

for peer reviews of a PRA.

..

4

6
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2. INTERNAL EVENT LEVEL 1 PRA FOR FULL POWER OPERATIONS-

1

s

iThis chapter provides attnbutes for a Level 1 probabilisne nsk assessment (PRA) of a power plant for accidents

j initiated during full power operations. Full power is dermed to encompass the operations that occur while the plant

is at' greater than 15% of rated power. A Level 1 PRA identifies and quantifies those accident sequences that could
j

lead to the onset ofcore damage. A summation of all such accidents leads to an estimate of the core damage frequency

(CDF). Accidents initiated by internal events are discussed iri the following section. Accidents initiated by vanous

external events are addressed m Chapter 5.
|

2.1 Internal Events Analysis
;

His section provides the attributes for performing a Level 1 PRA for analysis ofinternal events at full power 1

operation. He attributes are also generally applicable to the analysis of external events at full power and for the
analysis of all events during low-power and shutdown conditions Additional attributes applicable only to the anzlysis
ofextema! events are provided in Chapter 5. Additional attributes tutique to the analysis of the risk from low-power

and shutdown operations are presented in Chapter 6.

A Level 1 PRA is comprised of three major segments:

De identificanon o those sequences of events that, if not prevented, could resul't in a core damage state and f
'

.

the potential reler . e of radionuclides. i

)

!
The developmcat of models of events that contribute to the core damage sequences.-

)The qnantification of the models in the estimation of the core damage frequency.+

|

As noted, the first element of a Level 1 PRA identifies those sequences of events that, if not prevented, could result

in a core damage state and the potential release of radionuclides. This process is typically disided into two tasks:
identification of the initiating events and development of the potential core damage accident sequences associated with

'

the imtiating events.

The initiating event task involves identifying those events that challenge normal plant operation and that require
~

mM1 mitigation in order to prevent core damage. There can be tens to hundreds of events that can challenge the

plant. Individual events may, however, be grc~ ' into initiating event classes, with classes dermed by similanty of

systems and overall plant response.

In the accident sequence development task, the different possible sequences of events that can evolve as a result of each

initiator Group are identified The resulting sequences depict the different possible combinations of functional and/oi

system stccesses and failures and operator actions which lead to either successful mitigation of the initiating event or

to the ons:t ofcore damage. Deterrmnation of what constitutes success (i.e., success enteria) to avert the onset of core

damsp is a crucial part of the accident seque: ce analysis task.

He second element of a Level 1 PRA involves the development of the models for the mitigating systems or actions

in the core damage accident sequences. His task, referred to as systems analysis, involves modeling the failure modes

of the plant systems which are necessary to prevent core damage as defmed by the core damage accident sequences.

This modeling process, which is usually done with fault trees. defines the combinations of equipment failures,

Draft, NUREG-1602 2-1
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2 Level 1 PRA Modeling for Fullpower Operations

equipment outages (such as for test or mamtenance), anc numan error > det cause faiWrc cric sys: cms :o p:-fe- th

desired functions.
1

he third element of a Level 1 PRA involves estimating the plant's CDF and the associated uncertainty. This process

is typically divided into three tasks: data analysis, human reliability analysis, and quantification and uneenainty

analysis. |

|

The data analysis task involves determuung uunatmg esent sequencies, equipment failure probabilitics, and ,

equipment maintenance unavailabilities. Plant maintenance and other operating records are evaluated to derise plant-|
|speciSc equipment failure rates and the frequencies of the initiating events. Where insufficient plant experience exists.'

failum rates and initiating event frequencies based on industry-wide " generic" data bases are used to complete the data

base used in the risk analvsis.*

The human reliability analysis task is a key task in Level 1 PRA invohing modeling and evaluating the human actions |

important in the prevention of core damage. This evalus. ion both identifies the operator actions and quantifies the j
error probabilities of the identified actions. Human reliability analysis is a special area of analysis requiring unique
skills to determine the types and likelihoods of human errors germane to the sequences of events that could result in'

core damage.

Le quantification task integrates the initiating event frequencies event probabilities and human error probabilities
to calculate the frequency of core damage and its associated uncertainty. As typically used in PRAs. the core damage

frequency represents the average annual core damage frequency.

2.1.1 Accident Sequence Initiating Event Analysis

initiating events are broadly categorized into two categories. intemal initiating events and external initiating events.
Internal initiating esents are system and equipment malfunctions inside the plant. Analyzed along with intemal
initiating events is the loss of offsite electrical pow Extemal initiating events include canhquakes, external flooding
(i.e.. from water sources outside the plant), transportation occurrences, and high winds. Note that many of these
extemal esents can cause a loss of offsite power in addition to other adverse impacts on the plant. Although intemal
floodmg and fire events are conventionally treated in PRA studies as extemal events, they are included in the intemal
event category in this document. This section only addresses conventional internal initiating events that occur during

|

full power operation including the loss of offsite electrical power. The special case ofinternal floodmg and fires are
addressed in Sections 2.2 and 23 respectively. Initiators during low power and shutdown operation and for extemal

events are provided in Chapter 6.
l
|

2.1.1.1 Considerations for the Baseline PRA !

His section defines the scope ofinitiating events that should be initially considered in a state-of-the-an PRA. as well
!

as criteria for screening out initiators and grouping c,f the remaining initiators. l

Initial Scope ofExaminedinitiators

in a full power PRA. intemal events that cause an upset of nonnat plant operation that requires a reactor trip or
unplanned controlled shutdown with the need for core heat removal are considered as initiating events. These events
fall into one of two categories as follows |

l
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2 Level 1 PRA Modeling for Fullpower Operations

Loss-of-coolant accidents - All events that disrupt the plant by causing a breach in the pnmary coolant-

system with a resulting loss of core coolant inventory are modeled. These events include such occurrences

as primary system pipe breaks, pressurized water reactor (PWR) steam generator tube ruptures (SGTRs),

boiling water reactor (BWR) feedanter pipe breaks. interfacing system loss-of-coolant accidents OSLOCAs),

reactor pressu vessel (RPV) rupture. and BWR steam pipe breaks.

Transients - A!! events that isn:pt the plant but ! case both the core coolam and other water systems'*

inventory intact are modeled. 'lhese occurrences include such items as automauc " actor shutdowns (scrams

or trips), unplanned controlled reactor shutdowns (including those caused by degraded equipment
configurations) manual reactor trips or scrams. manual operator actions taken in anticipation ofdegrading

plant conditions, and transient-induced LOCAs. In identifying the transient events, frequently occurring
events (such as turbine trips) and more rare events (such as loss of a support system) are considered.

W' ensuring completenest in the initial list ofinitiating e ents tconsidered at the onset of the baseline PRA study).

the analyst should have performed a cornprehensis e engineering esaluation that includes the following events:

All general categories ofevents analyzed in Chapter 15 of the Final or Updated Safety Analysis Report (SAR)*

(e.g., increase or decreases in reactor coolant flow). The Chaptes 15 analysis includes both transic.:ts and
~

loss-of-coolant accidents (LOCAs).

Events resulting in a loss of pnmary core coolant. This includes leaks and ruptures of various sizes and at=

different locations in the primary system (e.g., pnmary system pipe breaks, penetration failures, SGTRs and

vessel rupture). In addition. a systematic search of the reactor-coolant pressure boundary should be performed

to identify any active %cacnt in systems interfacing with the pnmary system that could fail or be operated
in such a manner as to result in an uncontrolled loss of primary coolant (commonly referred to as ISLOCAs).

All actual initiating events which have occurred at the plant. Actual plant scrams and unplanned shutdowns-

I
as documented in Licensee Event Reports (LERs) and scram reports should be included. These imtiators

typically involve faults in the nuclear steam supply system (NSSS) and in the turbine generator and related

systems (referred to hereafLr as the balance-of-plant). Plant modifications (not accounted for in the baseline

PRA) influencing occurrence rates should be considered.

All initiating events considered in published PRAs (and related studies) of similar plants. NUREG/CR-4550.

(Ref. 2.1) contains a list of transient initiating events that have actually led to reactor tnps and that should

be considered.
1

All initiating events that have occurred at conditions other than full power operation (i.e. dunng low power |+

oz shutdown conditions) are included unless 't is determined that they are not applicable to full power

operation.

All systems suppordng the operation of other plant systeras aie resiewed to determinc if their loss results in.

automatic scram. manual scram, or a controlled shutdown. Failure Modes and Effects Analysis (FMEA) are

generally used to determine if an initiating event results from complete or partial failure of the system to

operate, or from inadvertent operation of a system. In this method. the analyst determines for cach component

in the system: (1)its function. (2) the possible failure modes. (3) the failure mechanisms, and (4) the effects

of the failure on the system and the plent.
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2 Level 1 PRA Modeling for Fullpower Operations

A system is evaluated ifits loss would disrupt the come :;perwor, .n u ,nant. Ai e minimum. s;pp:-
systems that are exammed include alternating current (AC) and direct :urrent (DC) buses, cooling water or
service water systems, instrument and senice air; heating. ventilation. and air conditioning (HVAC) systems
throughout the plant (including the control room); and instrumentation / control systems.

In determining whether the loss of a plant system or component should be treated as a support syste n
initiu:in; e.ent th: expected level of degradation to cier p! nt systems (sp::ifical!y. acetdent mitigating

This may require calculanons iv eicmUnc de resutin;;
systems) is also determined and evaluated.
environment to which the mitigating equipment is exposed and companson to eqtupment qualification

information.

Initiating events consisting of multiple equipment failures are included if the equipment failures result from
a common cause. For example, the falhnt of two DC electrical buses is included as an initiating event, if the

*

l

failure is due to a common cause. |

For multiple unit sites where systems are shared or can be cross-tied. initiating events that can impact both
j
'+

units should be identified in addition to those that will only impact a single unit.
J

An ISLOCA can be an important accident sequence because ofits potentially significant contribution to the
|releases of radioactivity from the plant due to all possible accident scenanos. Therefore, the modeling of

+

ISLOCAs and particularly the credit given for isolation of the ISLOCA. the predicted size of the ISLOCA,
and the effects of the ISLOCA on other equipment can signi5cantly affect the importance of this type of event.

j

|
t

NUREG'CR-5928 (Ref. 2.2) describes an acceptable approach to analyzing ISLOCAs at indhidual plants.
In that report, a spectrum of topics are addressed including the modeling ofISLOCA sequences, the systems

|
and components and their failure modes that should be considered, rupture probabilities for different types
ofwmpcacats including different piping materials and designs, human reliability considerations for iso! sting
or otherwise mitigating the LOCA. specific data suggestions for the analysis, and equipment effects
considerations. Two additional specific considerations which may be in conflict with NUREG/CR-5928 for
a specific plant and hence should be considered when analyzing ISLOCAs include the following:

Credit for motor operated valve (MOV) or check nive closure to isolate any resulting leak or
(1)

rupture can only be taken in the PRA if supporting analysis / testing is available which demonstrates
adequate capability of the vahe for the expected conditions. This condition can be met by virtue of
n-folly addressing Gen:nc letter (GL) 89-10 for the vaht(s) in question or by other supporting
analpes or test results for valves (e.g , check valves) not covered by the licensee's 89-10 program
(Ref. 23) With such supporting analyses, the nominal failure probability for valve closure can be
used; otherwise it should be assumed that the valve will not close to isolate the breach.

Any resulting effects on equipment exposed to the breach should consider both the water and steam(2)
effects of the breach as well as propagation of that water / steam to other rooms or areas of the plant.
Any credit taken for the continued operability of equipment in the expected emironment should meet
the attributes provided under the equipment operability" issue discussed later. This includes
consideration ofwhether the valve operators for MOVs will function to close the valve (even if the
valve is detennined capable of closing) gi.en its exposure to the expected emironment.

2-4
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2 Lesel ! PRA Modeling for Fullpower Operations |
|

Screening Out initiating Events |
1

In a PRA, not every initiating event that causes a dismption of trie plant has to be modeled. That is, accident sequences i

do not have to be developed for every initianng event. In some cases, it is allowable to exclude initiating events. Any

of the following criteria can be used to exclude initiating events:

ne e,;.quene) cf.!w swg e,cn:is I:n it.n !Eip:r r::::: 3 :: (.7) when de initia:Or doer n:t inv@ |
=

either an ISLOCA, contamment bypass, or vessei rupture.

ne &equency of the initiating event is less than IE-6/ry and the core damage could not occur unless at least-

two active trains of diverse mitigating systems are independently failed.
!

The resulting reactor trip is not an "immediate" occurrence. nat is the event does not require the plant to j.

go to shutdown conditions until sufficient time has exp:r:d during which the initiating event conditions can.

with a high degree of cenainty (based on supporting cal:ulations), be detected and corrected before normal

plant operation would be curtailed (either administratively or automatically).

For example, a steam generator tube rupture event may have a relatively low contribution to the total core damage

frequency but may constitute a significant fraction of total large early releases. Initiating events such as these should
not be excluded. He need to understand the potential consequences of an initiating event in order to exclude it from

detailed analysis makes the process of excluding initiating events necessarily iterative.

As another illustration, the loss of switchgear roorn HVAC may not require the operator to initiate a manual shutdown

for 8 hours based on a room heatup calculation. During this time. the operator can almost censinly detect and recover

the fault using portable cooling equipment (as directed by procedures) and prevent the need for a forced shutdown.

In this case loss of switchgear room cooling couldjustifiably be eliminated as an initiating event (based on procedural

guidance and calculational support).

De basis for excluding initia:ing events from detailed evaluation should have been established and documented for

a peer review and users of the baseline PRA.' The fact that an event has never occurred, by itself. is not a sufficient

basis for eliminating m initiating esent from evaluation.

Grouping ofinitiating Events

Numerous events and occurrences can disrupt a plant and the response of the plant to many of the events can be

virtually identical. In such cases it is acceptable to group the initiating events uring the following criteria:

Initiating events resulting in the same accident progressio : O r., rcqmring the same systems and operator :
*

actions for mitigation) can be Crouped together. The w,: cess criteria for each system required for mitigation I
(e.g., the required number of pump trains) is the same for all initiaters grouped together. In addition. all {
grouped initiators should have the same impact on the opeiability and performance of each truttgatmg system 1

|

l
1

' De user (or reviewer) of this baseline PRA and its documentation need to compare the above criteria with those used

for groupmg minatmg events in the PRA. Deviations shouki be noted especially when they have the potential for limiting
the use of the baseline PRA. ;

I
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and the operator. Constocracon can also in gnen to " - - " pryess;0r. : .t=s 6:' cu!d frSeree
the subsequent Level 2 analysis (refers to Chapter 3).

In conformance with the criteria above. LOCAs can be grouped according to the size and location of the*

pnmary system breach. However. primary breaches that bypass the containment should be treated separately.-

Initiating events can be grouped with other initiating events with slightly different seeident progression .,nd-

success entena if it can be shown that such ueauncai 'uwd., th: r=1 core da=ge f cqu=:y =d
consequences that would result from the initiator. To avoid a distoned assessment of risk and to obtain valid

insights, grouping ofinitiators with significantly different success criteria should be nvoided. The grouping
ofinitiators necessitates that the success criteria for the grouped initiators be the most stringent success

criteria of all the individual events in the group. Note that in a sound baseline PRA. Iow-frequency initiators

are grouped with other relatively high-frequency initiators, rather than excluding them from further analysis.

u .1.2 Application impact Considerations

It is possible that a particular change to a plant's current licensing basis (CLB) may influence this task. The proposed

change may result in:

New accident initiators. ..+

Higher risk contribution of(initially) screened u initiator (s), and-

Change in the frequency of modeled initiator (s).-

For es ery risk-informed regulatory change, the potential for Gest three items should be examined. This, exammation
should consider structure, systems, and components (SSCs) modeled in the PRA as well as those SSCs not modeled.

SSCs not modeled in the PRA should be subject to a failure modes and effects analysis (FMEA)(or equivalent) to

assess their impact on accident irdtiators scope and frequencies.

Note that a proposed CLB change may necessitate reconsideration of the initiating events grouping scheme used in
the baseline PRA to bring sharper focus on a subgroup ofinitiators that may be sensitive to the change.

2.1.1.3 Interface with Other Tasks

E esults of reviews of this task should be considered before the onset of resiewing the data analysis (Section 2.1.4) and

the accident sequence arclysis (Section 2.1.2) tasks. A special emphasis should be given to limitations in the baseline
PRA (or its documenta* ion) related to scope, screening, and grouping of initiators which can compromise the
soundness of results of these two interfacing tasks, and consequently the adequacy of the baseline PRA to support the

proposed r sk-informed applications.

2.1.1.4 Documentation

The documentatico of the initiating event task should be sufTicient such that a peer resiewer can reproduce the roults.

At a nummum, the following information pertment to initiating events should be documented:

A list or general description of the informatinn sources that were used in the task.-

4
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/

Specific information/ records of events (plant specific. industry experience. "genenc" data) used to identifyJ,

+

the applicable initiating events.

The initiating events considered including both the events retained for further exanunation and those that were+

eliminated. along with the supporting rationale.

An, q= i:::ve et q=!it: rive er::! dens er :w.umptinns that were made in identifving. screening er
grouping of the initiating esents as well as the bases for any assumptions and their impact on the final resulis.

*

Documentation of the FMEA perfonned to identify support system initiators and the expected effects on the
*

plant (especially on mitigating systems).

Specific records of the grouping process including the success criteria for the fmal accident initiator groups.+

Documentation offindings of FMEA (or equivalent) performed on SSCs within the scope of the change but+

not modeled in the PRA, to assess their impact on the scope and frequency ofinitiators.

2.i.2 Accident Sequence Analysis

The objectne of the accident sequence analysis task is to detemune the possible plant bsponses (sequences) that could
occur as a result ofinitiating events. These plant responses are defined in terms of the different possible combinations
of mW and unsuccessful functions or systems and operator responses required to mitigate an accident initiator.
For the 1xvel 1 portion of an analysis, the following discussion is provided for those plant responses or sequences that
end with either the plant in a stable state or when the plant has entered into a " severe accident" state in which the onset
oicore damage is imnunent.

Accident sequences are determined by implementing a logical method for identifying the different possible plant
responses to the initiating events. The plant safety functions and corresponding plant systems and operator responses
that need to occur to mitigate each initiator are used to represent the different possible plant responses (or accident

progressions sequences).
_

Different nxxicis can be used to develop the accident sequences. Among these. the two principal methods used are
event sequence diagrams and event trees. There are also different types of event trees (e.g., functional versus systemic)
and different ways ofdocumenting the response to each accident initiator (e.g., separate event trees for each initiating
ennt group or a general tree with the initiating event tmpacts included in system fault trees, or inclusion of support
systems and shared equipment in the event tree rather than at a fault tree level). All of these different event tree
approaches can be used he following discussion presents the attributes of the event tree approach to accident
sequence analysis since it is the most prevalent technique.

.

2.1.2.1 Considerations for the Baseline PRA
1

Ris section identifies seveal key fa: tors to consider in evaluating the baseline PRA used in a risk-informed regulatory

application.

I
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2 Level 1 PRA Medeling for Fullpower Operations

Estabhshmg Success Cnteria

Accident sequence analysis establishes the success criteria which should be met to present core damage. The success

criteria are thus dependent on the dermition of core damage. Core damage has been deiined in the past PRAs in

various ways. usually through peak cladding temperature limits or designated levels in the vessel. The onset ofcore

damage generally means that no inuninent recovery of su lident coc! ant injection is anticipated, and therefore, a

subst:ntic! .mou.nt (equi, !ent to or greater than de design basis) of the radioactive mat ria! contained in the gs;
between the cladding and the fuelis subsequently released. Comparable definitions that result m essentially the aue

phenomena can be used. Whatever the defmition chosen for the onset of core damage, it should be supponed by

calculations. Note that considerable fuel melting may also be expected in most accident sequences with corc damage
outcomes.

The accident sequence model may include as the event tree headings the necessary safety functions, systems, and

operator'responm to prevent the onset ofcore damage. Accident sequence models can also delineate the funcricas

required to protect the containment and influence the amount of radioactive material released.' The safety functions

modeled in a Level 1 PRA include reactivity control, reactor coolant system (RCS) overpressure protection, reactor

coolant inventory control and heat removal and containment over-pressure protection (both carly and late). The
conwinment over-pressure protection functions are listed in the Level I cor.siderations because the containment

condition can adversely impact the core heat removal and inventory control functions.

Tine success criteria for each of these functions required to prevent core damage shodd be established (e.g., the RCS

imentory control function can be expressed in terms of required flow rate). Once established, the system and operator

hv iss modeled in a PRA include those frontline, support systems, and operator actions needed to successfully meeto

the modeled safety function success enteria. He minimum hardware for each identified sptem (e.g., the number of
pump trains) and operator respomes required to meet the function success criteria determine the succes criteria for

responding to each initiating event group.

De use ofreahstic success critena provides additional assurance that the relative importance c f the quantified accident

sequences is as accurate as possible. To further ensure a " realistic" analysis, the use of success criteria which are

excessively limiting (such as the success critena used in design basis assessments) is avoided For example. the
licensing basis may require two out of four emergency core cooling pumps when "best estimate" calculations show that

only one out of four pumps will prevent the onset of core damage.
,

"Kniistic" success criteria, rather than the licensing-bases criteria, can be used for both the safety functions and the

individual systems that perform those functions. Therefore, the evaluation does not have to stop with safety-related

systems when non-safety related equipment may be available to perform the needed function, thereby, preventing the
onset ofcore damage.

For grouped initiators, the accident sequence modeling should reflect the most stringent initiator. For example, the

coolant injcetion requurments for LOCA initiators (which usually involve a spectmm of break sizes) are based upon

2
The attributes provided in this section do not address event trees where the erxl state goes past the omet of core

damage. Functions required for establishing the contamment performance and release of radioactive material are
idennfwd in the Level 2 docussion. Funber event tree modeling to establish plant damage states is not addressed in this
50Clion.

Dra'l NUREG-1602 2-8
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<

the upper end of the break spectrum. For other functions, the requirements may have to be based upon a different
initiator included in the group.

The success criteria for preventing core damage can be dependent on the accident progression and timing. For
example. for a BWR. the. control rod drive (CRD) sy stem may not provide sufficient flow for coolant injection at the
beginning of a small LOCA; however, at 4 hours into the ac;ident (gisen coolant injection has been occurring). the
coolant inwntory requirements are reduced and CRD flow is adequate in addaion. ihe nme required to align a system
may influence what time frame it can be credited in (e.g., firews:er may not be credited early on in an accident (e.g.,
a LOCA) since it could require connection of multiple fire heses, insertion of spool pieces, or opening of remote

valves.

In determuung " realistic" success criteria, pameularly when such criteria are considerably different from the SAR
design basis or is not even addressed in the SAR, supporting analyses (e.g., thermal hydraulic calculations) should
be the basis for the success enteria that is credited in the PRA. P erreentative examples of criteria often used in PRAs

that differ considerably or are not addressed by the design basis criteria are (a) feeri and bleed mode for PWR core

cooling. (b) prunary/ secondary system depressurization and use oflow pressure safcy injection and/or condensate to
the steam generators whenever high pressure safety injection and/or main and auxiliary feedwater are unavailable in
PWRs, and (c) in case of 3WRs, use of attemate injection systems (such as control rod drive flow or firewater) under
conditions when all other injection systems are unavailable. 'These represent conditions tifat go well beyond the single

failure considerations applied in the design basis and hence did not have to be treated in the original !icensing basis

for the plant. While plant-specific calculations are preferred, non-plant specific calculations (e.g., use of "similar"
plant analyses perhaps with modification) are acceptable provided appropriate justification is established. The
computer codes used to calculate success criteria (either plant-specific or for a similar plant) should contain the
modeling detail present in codes such as RELAP and TRAC (Ref. 2.4) and should be verified for the conditions that
exist in the success enteria application.

For instance, anticipated transient without scram (ATWS) represents a complicated and "beyond design basis" set of
scenarios requiring analysis and supporting calcult.tions to properly characterize the success criteria. The estimated
nsk contribution of ATWS events is in part a function of modeling approaches and associated assumptions used in

interpreting the success criteria. For PWRs, what constitutes successful pressure control often sets the stage for theI

rest of the aaalysis. An acceptable basis for successful pressure control is the use of the stress Level C limits of the

American Society of Mechanical Engineers (ASME) code for the assumed failure point for the vessel and primary

piping from overpressurizauon. Supporting calculations (preferably plant-specific) are performed to address the
critical Moderator Temperature CoefDeient (MTC) necessary to ensure the unacceptable stress limit is not reached (i.e..

the pomon of the fuellife when the MTC is sufficiently negative). Furthermore. plant-specific analyses are preferred
to deternune the pressure increases associated with failure to trip the turbine during an ATWS. For BWRs, a similar
basis for sue::ess durmg an ATWS can be established and the, plant-spectfic consideranons are used to interpret the

need for:

! Recircula: ion ptmp trip fRPT) including whether all pumps should trip.-

i Standby liquid control (SLC) system operation particularly the time the system should be irdtiated for*
:

I successful mitigation.

Inhibiting emergency core cooling system (ECCS) iniection inside the shroud and inhibitmg automatic! +

depressurization.

.
Draft NUREG-1602 2-9
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2 Level 1 PRA Modeling for Fullpower Operations

Requirement for vessel level control during injection by both hgh and low pressure c> stems-*

Containment md suppression pool cooling to avoid r.dverse impacts on continued operability of core coolmg..

Such aOne conceniregarding accident sequerce modeling is the loss of rea: tor coolant pump (RCP) seal cooling.

concern anses during consideration ofloss of pump couling nents a,d less of all AC esents. both of which cause a j

1055 of pump ses! cooli'; 2.nd the potential for a primat syster, I OC A. (through the pump tealt) requiring reactnr
j

coolant nuieup. Pump seal failures can also be initiarmg events for the PRA.
|

Re proper model depends oc the pump manufacturer (Westingnouse, Bpon Jackson. Bingham) and the seal design.|

Another censideration which may make a cifference is whether or not the pump has been tripped upon loss of seal

ecoling/ injection. In additiors there is a range of opinion as to what would be the proper seal leakage model (meaning
the probabilirj ef a certam flow rate vs. time) !br a given pump. The chosen model can significantly affect the results
k considerably ettering both the mnking of dominant eccident sequences as well as affecting the overall core damage
frequency. The treatment of RCP seal LOCAs is an example of an area where there is a considerable variation and
uncertainty in the accident sequence modeling.

Because of the less than definitive conclusions that have been made as to the appropriate model to use for PRA

purposes, this document provides suggested RCP seal LOCA models for incorporation into PRAs and PRA
applications until(and if) more information becomes available. Altemate models may be used providedjustificanon
is provided for their use. De suggested model approaches provided below are ba;ed on the conclusions of the related
clicitation issue in the NUREG-1150 study (Ref. 2.5), and consider the modeling approaches used by the licensees

in their individual pitnt examinanons (IPEs).
i

Case 1 - Pumps-tripped condition:

De RCP seal leakage model is based on the discussion in Section 5 of NUREG/CR-4550 (Ref. 2.6). A licensee may

wish to group similar leak rates from the tables in Section 5. but needs to consider the full range of possible leak rates
and probabilities provided in the referenced report. It is suggested that an acceptable approach for plants with the

- Westinghouse"old" o-ring desigr. pumps is to use the ~old" o-nng values (or a suitable equivalent, with justification
provided). It is also suggested that an acceptable approach for plants with the newer, more temperature tolerant
Westingbouse design (and all other pump manufacturer designs) is to use the "neC o-ring design values (or a suitable
equivalent, with justification provided).

Case 2 - Pumps-not-tripped condition:

The licensee detemunes the nmimum possible flowrate for the applicable pump manufacturer assuming the seals (all
sts;# are destroyed and no longer provide a tiow restr.ction within the labginth, he. calculated flowTate is assumed
to occur by 30 minutes follovdng the initiating event.

.

The significance of the above models to the PRA results is still dependent on such factors as the cumber of pumps
affected. cooling system connguration, and hence probability associated with a total loss of pump cooling, the ability
to provide reactor coolant system injection during such con 6tions (for instance, the BWRs, except for some of the
older designs, are generally better able to cope with such a LOC A even under loss of all AC power because of their
high-pressure coolant injection (HPCI) and reactor core isolation cooling (RCIC) sptems), etc.

2-10
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l

Modeling Accident Progressions

The modeling of the accident sequence progressions necessitates that the respor;se of the plant systems and the operator
accurately reflect the system capabilities and interactions, procedural guidance, and the timing of the accident
sequences. Derefore. the development of the accident sequence models should correctly incorporate the planned
response to an minator that exists in the plant emergency and aonormal operating procedures and as practiced in
simulator exercises. In Oct. the procedural guidance along with timmg infortnation obtained through therma!-hy&cdic
calculations serves as the guide in the actual development of the accident sequence models. Operator actions required
to mitigate an accident sequence (e.g., ruanual initiation of systems or special actions such as controlling vessel level
during an ATWS in a BWR) should be modeled (see Section 2.1.5). Therefore, event tree headings should be
chronologically placed in the order that the system or operater action is expected to be challenged. Desiations from
the chronological representation of the procedural guidance should be well documented.

In Aveloping tL accident sequences. the accident prograssion .|as represented by the logic structure of the model)
should also account for dependencies and interfaces between and among the plant safety functions, systems and
operator actions needed for accident mitigation. He dependencies and interfaces that should be considered include
funcuonal. phenomenological. and operational dependencies and interfaces.

Functional dependencies exist where the success of one function is dependent or otherwise affected by the
success / failure ofanother function. Dere are two dependencies that should be addressed. These dependencies include
(1) interaction of the initiating group with mitigating systems and operator actions, and (2) interaction among the!

mitigating systems and operator actions.

The interactions of the initiattng event group with available mitigating systems and actions are accounted for either
in the accident sequence model or at the system model level. Both immediate effects (e.g., loss of systems such as the
power conversion system (PCS) following loss of-offsite power) and delayed effects (e.g., loss of a system due to a
loss of HVAC should be included. Delayed impacts can be subtle and require that both harsh emironmental impacts
Winsed in more detail below) and protective trip logic be considered An example of protective trip logic concerns

| is the occurrence of a steam leak detection trip signal resulting due to a high room temperature that could result from
|

f
a loss ofroom cooling. The loss of room cooling may occur for various initiators including loss of offsite power, loss
of a cooling water systems, or loss of the HVAC system itself.|

Re interacnons among mitigating system. and operator actions are also accounted for either in the accident sequence3

model or at the system model level. One type ofinteraction is the successful operation of a system precluding the need|

| for a redundant system performing the same function. The second type of interaction is the failure of one system
preclu:iing the operation of another system. An example of these types of functional dependencies in both a BWR and
PWR is the requm: ment for the success of primary system depressurization before low-pressure coolant injection can
be utiliz-d. Alternatively, vessel depressurization may cause loss of a system due to pump run-out inducing a

subsequent pump trip. Another common example of a functional dependency is that battery depletion during a station
blackout precludes continued operation of steam-driven systems.

Phenomenological dependencies manifest themselves where the environmental conditions generated during an accident

| sequence influence the operability of systems and equipment. Phenomenological impacts can include generation of
harsh environments that result in protective trips of systems (e.g., due to high pressures or temperatures), loss of ECCS

pump net positive suction head (NPSH) v. hen contamment heat removal is lost, clogging of pump strainers from de as
generated during a LOCA. failure of components outside the containment following containment failure due to the
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resulting harsh environment, closure ofsafety relief sahes (SRVs)in BWRs on high contamment pressure and cooiam'

pipe breaks following containment failure.

Phenomenological impacts can also be indirect. For example, failure of containment heat removal in a BWR should
cause the operator to depressurize the vessel per procedures to maintain suppression pool heat capacity limits. Such'

an action can sesuh in loss of drising steam for systems such as HPCI and RCIC. Circumvention of some of these
f2ih::::r.edes such as bypmbg ofprotective trips. < witching enerinn sources for numps and arranging altemate room|

cooling can be credited cither in the accident scquence modeling or system models if the action can be realistically
;

|
accomplished considering available staffing, the available time to perform the action, and any harsh emironment wherej
the actions should be performed. Most of these phenomenological dependencies are identified on an indhidual system
basis as part of the systems analysis (see Section 2.1.3).

Operational dependencies that are hardwired or are configuration dependent are present for some systems or
|

cuuponcnts. An example of an operational dependency is that the suppression pool cooling mode of a loop of residual
;

'

heat removal is not available when the system is in the low pressure coolant injection mode.

For example. an initial
Consideration should also be giwn to sequences in which the nature of the accident changes.
tran.mnt may become a LOCA event due to reactor coolant pump seal failure or a demanded and stuck open primary
relief valve. Proper modeling of this progression change accounts for any dependencies among events presiously
discussed. Transfers to other sequence models to reflect the change in the sequence should be made with due
consideration given to any differences between the modeled initiators. Screening of such transfers can be performed
but should follow the truncation considerations provided in Section 2.1.6 (sequence quantification) and should be
reevaluated for each risk-informed regulatory application.

2.1.2.2 Application impact Considerations

11is possible that a particular change to a plant's current licensing basis (CLB) may affect the accident sequence
analysis task. He proposed change may result in:

New/ fewer event trees being considered;-

Revised cuccess criteria;-

New dependencies or interfaces;-

New/ fewer and/or rearranged event tree headings due to changes in procedures, equipment, technical
-

specifications, etc.;

Revised sequence logic.-

2.1.2.3 Interfaces with Other Tasks

initiating event analysis and systems analysis will provide information on the impact ofinitiating events on tr.itigative
functions. Systems analysis and human reliability analysis (HRA) will proside information on the interactions among
mitigating systems and operator actions, phenomenological interactions and operational dependencies. Systemsli
analysis wn! provide information used to obtain success criteria and accident progression. Thermal-hydraulic ana ys s

2-12
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2 Level 1 PRA Modeling for Fullpower Operations

is used in various aspects of this task, e.g., for success criteria. timing, environmental effects, etc. The output of the
sequence analysis is used as an input the HRA task and to generate cursets used for sequence quantification task The
sequence anrJysis will also guide the systems analysis. as reference is made to cenain sy stems or functions in the event
trees and the success criteria.

2.1.2.4 Documentation

The following miormation concenung the accident sequence modding should be r:perted:

A list or general description of the information sources that were used in the task.+

The success critena established for each initiating group including the bases for the cnteria (i.e., the system
capacities required to mitigate the accident and the necessary components required to achieve these

+

capacities).

The event trees or other types of models used (including all sequences) for each initiating event group.+

A desenption of the accident progression for each sequence or group of similar sequences (i.e., descriptions
of the sequence timing, applicable procedural guidance, expected environmenta! or phenomenolog; cal

+

unpacts, dependencies between systems, and other peninent information required to fully establish the
sequence of events)

Any assumptions that were made in developing the accident sequences, as wc!) as the bases for the*

assumptions and their impact on the final results.

Exisang analyses or plant-specific calculations performed to anive at success criteria and expected sequence+

phenomena including necessary timing considerations.!

Sufficient syste.rn operation information (refer to the following section) to support the modeled dependencies.+

Input, calculations, etc. (panicularly to justify equipment operability beyond its " normal" design parameters+

and for which credit has been taken).

How the application changes the baseline model in this task.+

2.1.3 Systems Analysis

There are different analytical techniques that can be used to perform or suppon a systems analysis. Examples include:
FMEA. reliability block diagrams, and fault trees. Fault trees are the preferred method since they are deductive in
nature and, if properly performed. can identify all potential failure modes of a system and thus can be used to calculate
the unavailability of the system.

|

2.1.3.1 Considerations for the Baseline PRA

Detailed fault tree models are generally required in analyzing tha system, although sometimes, a simplified fault tree

or the black box approach (treatmg the system as a basic event) is acceptable. as delineated below. The basic concepa
;
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for constnicti'.g fault trees are described m "The Fault Tree nancoovi" Ger 1L Some ,;asd=:i= :;pli:d!?
!

to this meti ad are discussed below. 1

I

A fault tree can be simplified to include only the dominant types of failures. A single data value, for systems where |

sufficient experience exists, can be used to represent system's unavailability. In such cases, care should be taken to
model those a.<pects of the system which form dependencies with other s:. stems so that dependent or common cause

events r mperly h=dled.

An example of where a simplified fault tree could be utilized is for the automatic depressurization system (ADS)
system in a BWR. Here common cause valve failure and an operator error t 2 manually initiate the system have been
shown to be the dontinant failure modes for the ADS. Since this system is dependent on several support systems (DC

power and instrument air) used by other systems. these support system interfaces would have to be model:d. An|

example of where a data value is permissible is the reactor protection system (ie., the failure to scram the reactor)|

In this case, the reactor protection system (RPS) failure modes are independent of other system failures.
,

)
Establishing System Analysis Boundaries 1

An accurate representation of the design. operation and mamter.ance of each modeled system is essential. The design.
operation and nintenance requirements and practices are resiewed to ensent mat the system niodel reflects ti.. as built

I
and as operated systent System walkdowns are performed to confirm the design of the system. Operator inter iews.

|
system procedun: (abnormal operating. maintenance, and testmg) reviews, and involvernent of plant system engineers
are also necessary.

The failure enteria defming the top event of the fault tree for each system should match the accident sequence success,

|

enteria. Note that in some cases. multiple models for the same system may be needed to address different sequences.

All equipment and components necessary for the system to perform its function (as defined by the acciitnt sequence
The boundaries of

4

success enteria) during the postulated accident mission time are considered in the system model.
these equipment and components should also be defined. These definitions should match a level of detail where
statistical data exists in determining their failure probabilities. In addition, the defmed boundaries should be able to
reflect the dependencies and interfaces between equipment and systems.

All relevant and possible failure modes for each component should be considered. These failure modes generally
.

include the following:
I

Hardware faults-

- Failure to change state

Failure to operate-

Out of-service unavailability.

Common cause f:ults+
.

Operator faults-

Conditional operability faults including equipment capability and phenomenological faults
t

*
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I

Hardware faul:s are those physical breakdowns of the equipment such that the system or component cannot function
as designed (e.g., pump shaft breaks).

In modeling the out-of-senice unavailability, both planned and unplanned test and maintenance contributions are
considered The type of testing and maintenance modeled should be consistent with the actual practices of the plant
for removing cauipment from senice for maintenance. These considerations might include technical specification
equipment :cc@,: rat:en control vio!ations as well as pretiousiv identified imnlementatinn and pmgram deficiencies
with the equipment configuration control process.

Common cause equipmcat failures are multiple failures that result from a single event or failure. He NRC's Office
of Analysis and Evaluatica of Cperational Data (AEOD) report, ' Common Caase Failure Data Coffection and
Analysis System"(Ref. 2.8) presented in six volumes, provides a suggested common cause failure modeling approach.
Volumes 5 and 6 of that report are particularly useful as they directly apply to the modeling-(Volume 5) and the
dr 've (Velume 6) applicable to PRA. Given the current state of-the-art of common cause failure analysis and the
data available, only intra-system common cause failures are generally modeled. Inter system common cause failures
should be considered when indicated. as is commonly done in the case of the BWR HPCI-RCIC systems, cited in the

AEOD report.

How common cause events are included in the model may vary (e.g., included in the dstem. fault trees, added after
initial cutset review ofindependent failure combinations) but the approach should demonstrate that quantitatively

important common cause combinations are not missed. Tmncation considerations should be consistent with those
expectations presided in section 2.1.6, accident sequence quantification (i.e., tnmcation of any common cause events
would be based on low cutset frequency arguments). In addition, the truncation of any common cr.use events should|

|
be revaluated for every risk-informed regulatory application of the PRA. For cases where the PRA involves the
cvaluation of common cause among a component type not covered by the AEOD report, the component type closest

in design and similarity in the AEOD teport can be used to perform the evaluation In evaluatmg the human error
probabilities, the analyst would also consider common causes and incorporate performance shaping factors (PSFs) to

)
account for dependencies. 1

Certain types of human error events should also be consi tered in the systems analysis. These events include, at a
muumum those human actions that cause the system or component to be inoperable when demanded. These events j

(also referred to as pre-initiator human events) are analyzed as part of the human reliability analysis, discussed in|
Section 2.1.5. Other human events can be included in the systems analysis model. Rese events include those actions

needed for the operation of the system or component. Rese events (also referred to as post initiator human events)
are also analped as part of the human reliability analysis, discussed in Section 2.1.5.

Swtem models should also treat conditional faults. Rese failures are discussed below under system dependencies and

interfaces

Supercomponents or modules can be used. However. the modularitation process should be perfonned in a manner
that avoids grouping events (i.e., component failures, testing and maintenance unavailabilities, and human e: Tors) with
different recovery potential (e.g., hardware failures that cannot be recovered versus actuation signals which can),
human error events, events which are mutually exclusive of other events not in the module, and events which occur

in other fault trees (especially common cause events). Note that some risk-informed regulatory applications of PRA

may necessitate certain events to be removed from modules.
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Modehng System Dependencies andInterfaces

A PRA should model the dependencies and interfaces between and among the systems and components. At a

muumum. the following dependencies and interfaces should be modeled:

System initiation. Actuation and Operation - those systems that are required for initiation, actuation and*

continued operation of the system (i e.. for both the frontline mitigating systems and support systems) are

identified. e g.. AC and DC power and instmment air. In modeling the initianon and actuation of a sy stem,
conditions needed for initiation and actuation (e.g., low RPV water lecl} shouM also be addressed. For

example, a condition required to initiate a system automancally muy not exist in some accident sequences.
Thus, failure of that portion of the automatic actuation system has a probability of 1.0 for those accident

sequences.

System isolation. Trip or Failure - those conditions that can cause the system to isolate or trip and those*

conditicas that once exceeded can cause the system .o fail. At a minimum, conditions that are considered

include emironmental conditions, fluid temperature and pressure being processed external water level status,

water and air temperatwe. pressure, humidity, and radiation levels. These conditions may arise when other

systems fail to function. Examples of required systems include HVAC. service / component cooling water, heat

tracing on piping and tanks to prevent barc,n solution precipitation. instrumentation (pressure, temperature,

level, etc.), and water transfer systems to maintain tank levels. ,

Examples of conditions that can isolate, trip or fail a system or component include: s

- For BWRs, high pressure in the RPV will prevent opening of the low pressure injection system

isolation valves.

- A diesel generator will trip when the high jacket water temperature setpoint is reached. His (
condition can occur when the supporting cooling water supply to the diesel generator is lost.

- Inadequate pump NPSH due to low suction source level or high temperatures, clogging of strainers.

steam binding of auxiliary feedwater pumps, and steam environment effects are a few example of

conditions that can fait pumps.

Because of the attempted realistic nature of PRAs, there are many examples of where allowance is made for

the operability of equipment beyond its design basis. This credit is allowed to account for the design margins
built-in to most equipment used in a nuclear powtr plant and hence to recognize that equipment may function

in conditions that are beyond those accounted for in the design basis. Examples include operability of pumps
under senuated water suction conditions, steam relief vahr operability even when the valve is operating under

two-phase flow conditions. battery operability given all charging to the batteries has been lost, human

performance under undesirable emironment or radiation conditions, etc.

While crediting the potential for this operability supports the intent to proside a realistic acalysis, such

judgments of operability can often drive'' the results of the analysis and significantly impact the dommant
sequences and contributing equipment that most affect the core damage frequency estimated in the PRA;
therefore, such judgments should be supported. Test data, actual plant experience, vendor information

regarding expeiience of similar equipment in other applications, and technical analyses are examples of

Draft. NUFEG-1602 2-16

. . _ .

_ _ _ _ .



-
.

1
I

2 Level 1 PRA Modeling for Fullpower Operations
|

1

acceptable esidence. Otherwise, it should be assumed that once the expected conditions in the scenario exceed j

the design basis limits for the equipment. the equipment then fails with a probability oil.0.

I

System Capability - those conditions that can cause the system though operable, to not meet the required+

function. Examples of this nature include flow diversion and insufficient inventories of air, water or power j

to support continued operation of the system for the assumed mission time. Such " failures" are explicitly j

treated in the modeling process using realiuic ooerability considerations and should ee supportec with i

analysis; otherwise, it should be assumed once these conditions exist that the equipment / system fails with a (
probability of 1.0.

Shwed equipment- those usipcments and equipment that are shared among systems. Passive components+

not typically modeled are included when their failure impacts more than one system (e.g., a discharEe pipe I

|from a tank feeding two separate systems).
|

Screeni,g and Excludmg Components a :d Failure Modes ,

l

It is not always necessary to model every comocnent or failure mode. However. certain risk-informed regulatory

applications of the PRA may necessitate that components and'or failure modes not generally included be added to the
'

-

system models.
1

i

in screening or excluding components or failure modes, the fotiowing criteria are sue;ested:

Screen' Exclude Component - The smal failare probability of the component (sum of all failure modes) is ,+
!

at least two orders of magnitude lower than the next highest failure probability of another component in the

sc.me system train and the wmpcist (to be screened / excluded) does not have any dependencies or interfaces

with other components or systems. In some cases passive components are excluded based on the fact that

failure rates for these components are substantiady less than active components.
|

Screen / Exclude Failure Mode -The probabih:v of the hilure mode is at least two orders of magnitude lower+

than the next highest failure probability of ano:her failure mode of that component (and there is no high

potential for common cause failure) An exarmle is the probability of spurious closure of an MOV compared

to the probability ofit failing to open.

2.1.3.2 Application impact Considerations

It is possible that a pamcular change to a plant's CLB may affect the systems analysis task. The proposed change may

result in:

Additional / fewer systems being modeled.+

A change in modeling of component / system unavailability.+

Additional / fewer ccmponents may be modeled..

The type of component failure modes included in the model.+

Change in common cause modeling..

Change in HRA modeling within the system's ft .t tree,.

Comp'onent/ system operability limits may change..

Removal of events from the supercomponent modules, or addition of events to them.+
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1

2.1.3.3 Interfaces with deber Tasks

The sequence analysis task identifies the plant systems that need to be analyzed. Data analy.is task interfaces with,

the systems analysis task to insure that the same events are treated in both and tb:a the component boundaries are the
- same in both. Systems analysis task may provide some init ating events raid assesses the impact ofinitiating events -

'
,

i

on systems (used in sequence analysis). Systems analysis cutsets may be used to generate sequence cutsets. It also
i

presides information on varinus types nrdependencies for the sequence anai> sis. Infonnation on suu>> aites;a and
accident progression is also prosided.

2.1.3.4 Documentation

The following system analysis information should be documented:

A list or general description of the informatio . that was used in the development of the system models,-

including a brief discussion of the following:

- System function and operation under normal and emergency operations
' - Actual operational history indicating any past problems m the system operation

- System success criteria and relationship to accident sequence modcis_

- ' Human actions necessary for operation of system
~

List of all test and maintenance procedures~

System schematic illustrating all equipment and components necessary for system operation-

Records / notes of walkdowns and significant discussions with plant staff.-

System dependencia and shared compon:nt interfaces documented using a dependency matrix or-

dependency daagam indicating all d ,ci.ki.cies for all components among all systems (frontline andi
support)
Table listing failure modes modeled for each component and event quantification,

-

- General spatial information and layout drawings to support extemal event analyses

- Assumptions or simplifications made in development of specific system models.

The nomenclature for the basic events modeled.*

The freeze date used to represent the design and operation of the plant..

Any general assumptions that were made in the development of the systems models, as well as the bases for*
.

the assumptions and their impact on the fmal results.

List of all wmyu..s.ts and failure modes included in the model, along with justification for any exclusion of.

cemponents and failure modes.

Information and calculations to support eqt.ipment operability considerations and assumptions.*

References to specific controlled input documents used for modeling (e.g.. piping and instrumentation*

diagrams).
.

Documentation of modularization process (if used).*
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Records of resolution oflogic loops developed dunng fault tree linking (if used).*

How the application changes the baseline model. |*

|

2.1.4 Data Analysis

The input pc::mem for 4 i etc1 ? nnreinn nrrhe PR A inchdec, initiating event frequencies. equipment reliabilities. j

unavailabilities due to out-of-scrdce tilne, and ccmmon cause failure probabilities and associated uncenaim)
'

distributions. For each of these four types of parameters, the task activities includes: identifying the data sources,

selecting and screemng the raw data and quantifying data parameters.

2.1.4.1 Considerations for the Baseline PRA

Tb r llowing paMts are t9 cally considered in performiag data enalysis:o i

Initiating Event Frequencies

Seleuion and grouping ofinitiating events following the discussion in S-ction 2.1.1 would form the tnsis for
reviewing and identifying the particular plant events or generic data that could be used for estimating the initiating

event frequencies. For transient initiating event frequencies, the number and nature of plant scrams and unplanned
shutdowns and the hours the generator is on line should be identified. For initiators where there is little or no plant-

specific events, generic initiating event frequencies should be used for establishing prior distributions for Bayesian
updating with availabl: plant specific data. NS AC 1M (Ref. 2.9) provides data on the frequency ofloss-of offsite
power (LOOP) events. NUREG/CP.-5032 (Ref 2.10) pronies an acceptable method of Bayesian updating with plant-
specific data. Expert judgement clicitation can be perfortned according to the method in NUREG/CR4550, for
estimating special parameters such as constructing the ss specific seismicity curve for seismic analysis. Certain
initiator frequencies (e.g., loss of support systems) may be estimated by constructing and quantifying plant-specific

fault trees.

Equipment Rehabihty

ne relevant parameters for equipment reliability are the demand failure probability (for standby equipment, required
to start or change state), and the operating failure rate (for equipment that should operate for some tune after an
accident or transient to mitigate its effect or impact.) De preferred method for estimating equipment reliability

parameters is Bayesian updatmg in which generic data are used as a prior distribution and updated with plant-specific
data. Genene data sources should be repn:sentative of the plant components and the nature of the failures and demands j

in the pooled data set should be consistent with the plant specific applications modeled in the PRA. Generic data used|

in the mohl would be pedigreed and justified for the applicability to the specific , tant under study. The cornponent |
boundanes and failure modes dermed in the model are to be consistent with those in generic and plant-specific data. |

'

EPRITR-100381 (Ref. 2.11) proddes useful information on the process for data collection, and reduction along with
I

examples of equipment boundaries. The raw data needed to estimate these parameters are the number of demands, the
number of demand failures, the number of failures observed while runmng and the runnmg (operating) time.

In quantifying component reliability. actual demands and those that reasonably approximate conditions for the required
accident / transient responte should be used. For those cases where demands are not normally tracked (e.g., using a

safety pump to regularly fill a tank), demands can be estimated based on establishing a representative history.
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Demands and their associated failures should be collected and tabulated by the nature of tne aemand (it. actum.

spurious. type of test, etc.). Pooling demands and associated failures can be done when 1) the nature of the demands;

are similar,2)the nature of the failures are similar and 3) the failure probabilities from the pooled sources represent

similar statistical populations.4

-

.

Data used in the component failure probability estimations should be representatis e of the current component design
;

1

and operation. Derefore, failure events may be examined in detail to show if plant modifications have eliminated the^

. types of failures previously i entified and have not introduced other credible failure mechamsms not presiousi.sd

observed. Failures recovered promptly from the control room such that the function J the component was not
.

compromised can be excluded as failures from the data set, provided that the model does not credit such recovery
,

'

elsewhere. Repeared failures occumng within a small time interval should be counted as a single demand and a single
failure if there is a single. repetitive problem that causes the failures. (For example, if a valve fails to open and

:
' subsequently receives multiple demands to open, only one failure and one demand should be counted.) For failures

discovered by means other than a valid demand, the equipment unavailability resulting from such a failure should be
counted against the accumulated equipment unavailability. (f or example, an operator discovers while taking log
readings that a pump has no oil in its lubrication reservoir rending it inoperable.)

,

ne failure to run rate ts used for operaung equipment that should operate for an extended period following a demand.
This would normally be a time after which the equipment reached rated speed or voltage and ran long enough to bc
-judged a .accessful : tert (generally an equilibrium operating state.) Ac data needed (for equipment normally in
standby) are the cumulative hours of operation after a successful start and the number offailures obsen'ed during these

;

For equipment normally operating, the data needed are the cumulative operating time and the
;-

hours of operation,
number of failures observed during these hours of operation. For test surveillance or other demands for which the
actual run times are distinctly less than the length of the mission time modeled in the PRA. it should be determined
whether the failure rate derived from truncated tests or demands is applicable over the mission time.

1

%e statistical estimation techniques would consider the types of parameters to be estimated. and availability of generic
or plant-specific data in " raw' or " treated" forms. These considerations should also include the choice of prior
distribution in case Bayesits techniques are implemented.

)

Equipment Unavailabilities

Out-of-senice unavailability data are needed for equipment removed from senice for planned or unplanned repair or ~
testing, he data required are the out-of-senice time for each component and the total time the component is required
to be operable. Coincident outage times for redundant equipment (both intra- and inter-system) should be exanuned

~ and ==ted for based on actual plant experience. Calculations of outage unavailabilities should reflect actual plant
)

*

experience.

Common Cause Failures
,

Options for estimating comrnon caase failure (CCF) parameters are: (1) Aloha factor models,(2) the Beta factor
model, C3) the Multiple Greek letter model, and (4) the Binomial failure rate model. He data needed for estimating
common cause failure probabilities are the number ofindependent failures and the number of multiple failures due to
a common cause. Since there is generally insufficient data to derive plant-specific estimates of the common cause

failure parameters, generic data should be used. However, the generic data should be evaluated to determine their
- applicability to a specific plant. In those cases where some plant-specific data are available, they can be used to update
i
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the generic data with Bayesian methods. The methods and database from the AEOD report (Ref. 2.8) could be used

for deriving common cause failure probabilities.

2.1.4.2 Application Impact Considerations

It is quite likely that proposed changes to the CLB impact the esults of data analysis and the estimated pauuneteas.

Tiie psoposed changes may result in:

1. Changes talhe fregt'ency of modeled initiator (s).

2. Changes in the estimated component unavailability contribution due to out of senice time,

3. Changes in the esumated component unamilability contnbution due to changes in the component failure rates,

and

4. Potential changes in CCF concibutions and new CCF mechanisms.

For every risk informed regulatory change, the potential for these four items should be exarmned. This exandnation
should consider SSCs modeled in the PRA as well as SSCs not explicitly modeled (specially those capable of

impacting the initiating event frequencies). Plant specific experience data . industry wide experience data and the

appropnate engineering and reliability model could be used for such examinations.
a

2.1.4.3 L,terfaces v.ith Other Tasks

Review fmdings and considerations for selecting. screening. and grouping initiating events (Section 2.1.1) would be
used as needed in refimng the ininating event frequencies The mission times used for component reliability estimations

are prosided by the accident sequence analysis task. The component specification. failure mode identification. and its
initial operating conditions are determined from system analysis task. System enalysis task also identifies the group
of components for CCF analysis and the potential CCF mechanisms. The results from data analysis are used for

accident quantification task.

2.1.4.4 Documentation

The following information is normally in the baseline PRA documentation This information would be revised or
1

supplemented as needed following the completion of this task. This information includes: I

The initiating event frequencies..
1

The distnbution for demand failure pmbability standby failure rate, failure-to-run failure rate, and equipment.

out-of-senice unavailability (as applicable) for each event. ;

i

System and component boundaries, mission times. and reliability models used..

The sourecs of raw data generic data, and other infonnatior. used in estimating minating event fiequcacies,
I.

equipment reliability or CCF probabilities. f
i
i

The time period from which plant-specific data were gathered. 1.

i
1

Y
|
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Key assumptions made m the data analysis. (Tne cases for the a>>umption, and their impset va the fird
:

+

results should be discussed in the sensitivity analyses.)

Raw data records and related interpretations of those records used to derive the data values should ba+

available for review but need not be part of the PRA submittal.

Rationale for and distributions used as priors for Basesian updates.+

Changes resulting from the proposed CLB changes.+
I

I
|2.1.5 Human Reliability Analysis (HRA)

An HRA is essential in a PRA to identify and evaluate those human actions relevant to the accident scenarios being
i

anah2ed. Given the high degree of hardware reliability and redundancy, human interfaces become a critical aspect
in causiny., preventing and mitigating an accident. In fact. h.iman errors have been shown to be important contributors
to the frequency of core damage and the potential for a large early release. Approprint: modeling of such hurnan
actions in the baseline PRA and in specific risk-informed applications is thus critical.

2.1.5.1 Considerations for the Baseline HRA

selecting a
Key factors to consider in reviewing (or supplementing or refining) portions of a ba'seline PRA include:
human reliability analysis model selecting human events to model. screening / excluding human events, evaluating and
quantifying human events, integrating HRA into sequence quantification. and documenting the work. Each of these
areas is discussed below.

Selecting HRA Model/ Method

Several HRA methods (includmg data bases) are available to evaluate and estimate the probabilities of human events
The strengths and weaknesses of each method should be considered, and the model/ method most(Ref. 2.12).

appropriate to the human events and situations being analyzed should be selected. Therefore, the modeL/ method
~

selected has certain inherent characteristics (as described below).

Idennfytng and Selectmg Human Events

Generally, a baseline HRA identifies and quantifies relevant errors of omission (errors invohing failure to correctly
initiate a specific action). Currently, methods to address errors of commission (errors invohing unintended actions)
have not sufficiently evohtd to the point that they are typically included in PRAs. The relevant errors of omission that
are incl 4:d m a baseline PRA are those human actions hat can cause a system or component to be unavailable when
demanded (referred to as pre-initiators), and those human actions needed to prevent or mitigate core damage given the
initiator has occurred (referred to as post-initiators).

)-

!
A PRA considers pre-initiator h.unan events that could result in an unrevealed unavailability of a standby system or
component. At a minimum, these events include restoration errors in retunung the system and components to their
normal state after completion of testing and maintenance, and miscalibration errors of critical instrumentation (both
independent errors and common-cause miscalibration where appropriate).

1
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i

I
Evems should be ire : . ded that represent:

!

failure to restore equipment to correct standby status as a result of carTying out tests in which the equipment*

required to respond to an initiating event is realigned away from its required position. and for which the
demand signal is bypassed or defeated (e.g., testing of SLC system in BWRs). |

u

failure to realign those components (typicali) sahes) which. foi tlie execution of maintenance sc:3. are*

required to be realigned away from their normal positions, and are either manitally operated. or power
I

ope w :i with power removed or automatic realignment disabled.

sensors which if miscalibrated could cause failure of a required system to initiate or realign e.g., steam*

generator level sensors.

A PRA should vasider both respor,se and recovery post-initiaer human events. Response actions include those

human actions performed in direct response to the acciaent (i.e., actions delineated by the emergency operating
+

procedures). Human response cetions that are included in a PRA are those actions required to manually initiate,
operate, control or terminate those system and components needed to prevent or mitigate core damage. The modeled
response actions include those action needed to ensure that the systems or components meet the requirements of the
success criteria dermed for those systems or components in the systems analysis.

-'

Recovery actions include those human actions performed in recovering a failed or unavailable system or component.

Recovery actions may also include using systems in relatisely unusual ways. However, credit for recovery actions may
|not be given unless at least some procedural guidance is provided or operators receive freque it training that would lead

them to perfonn the required actions. Recovery actions can also include restoration and repair of failed equipment (i.e.,,

hardware failure). Generally, restoration and repair of(L.OOP), loss of PCS, loss of diesel generators and loss of DC
>

buses have been credited. These are usually treated by using actuanal data rather than by HRA methods. Table 8.2-10

ofNUREG'CR-4550. Volume 1 (Ref. 2.13) provides acceptable values for these events. NSAC-188 (Ref. 2.10) or

a later NSAC report such as NSAC-194 is also an acceptable scurce of data for restoration of offsite power. Due to

the general lack of acceptable data restoration and repair of other equipment is generally not credited in a PRA.

'Ihe human events selected for evaluation in a PRA reflect the actual operating and maintenance practices of the plant. ;

-At a minimum, plant walk-throughs, inteniews with plant personnel (e.g., training. maintenance, operators, shift
'

supenisor, shift technical adsisors), and procedure review are performed in identifying and selecting the human events
for a PRA Observation of simulator exercises of the modeled accident sequences can be used to preside additional

information regarding control room operational practices and crew performance. Similarly, observations of
>

maintenance crew perfonnance can also be made. ;

The HRA should address both the " diagnosis" and "execi tion" portion of each post-initiator human event. Diagnosis i

is usually assumed to include detecting and evaluating a changed or changing condition and then deciding what
iresponte is required. - Obviously, the complexity can vary, but a diagno;is may entail no more than detecting an

indication in the control room and deciding to execute a prescribed response r.ccording to symptom-based emergency

operating procedures (EOPs). Evaluation of the execution of a human action entails exammmg the actisities to be
j

conducted as indicated by the diagnosis.
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2 1.evel 1 PRA Modeling for Fullpower Operations

in a PRA. post-initiator human events are generally assumed to entail a diagnosis phase. Exceptions to evaluating a
diagnosis phase include those instances when the diagnosis of a previously modeled human event can be shown to
include that for a subsequent event.

Failure to explicitly model and evaluate the execution of a human action is appropriate when the HRA method being
used stipulates that the likelihood of potential execution fai!cres is included in the diagnosis value for certain kinds

|

of events. Howewr. relatinly complex actions may not be contain.d within the diagnosis value (e.g.. unusual actions
The application of any HRA method requires the analyst to ensure that Sel ), performed cuiside de contro room .

assumptions and characteristics of the method are appropriate for the en . beirig analp.d. Most existing methods
provide alternatives for treatment of different types ofevents.

i

(
Screening / Excluding Human Events l

,

There are numerous human events that do not play a " critical" role in initiating. preventing. or mitigating core damage.|

A screening anapis can be performed to identify and exclude these events from detailed evaluation. However, the
| screened human events should be reconsidered for every risk-informed regulatory application of the PRA to ensure that|
|

all of the risk contributing actions are included in the application analysis.
i

Human events, such as all pre-initiators. generally cannot be excluded from consideration based on the argument that1 ;

!

these events are included in the component hardware data. Many human events (such as miscalibration) occur rarely
and are not necessarily reflected in the random failure data. Further, their effects Ean be subtle in that they impact

|

I multiple systems and thus can play a key factor in contributing to core damage.

1

|
In screening human events the following criteria can be used:

if the components that are reconfigured are misaligned but not disabled and would receive a realignment1
'

signal on system demand, events associated with realignment of the components can be screened out. Ghis
-

is already embedded in Ihe selection criteria suggested above.)

if the activity is a mainter.ance activity and a full functional test is carried out on completion of maintenance,-

misalignment of components can be screened out.

if the status of reconfigured components is indicated in the comrol room. and the expected frequency of|
'

reconfiguration is low, compared to the frequency of status checking. the failure to restore can be screened
-

,

out.

quantitative screening values for post initiator human errors are typically used in the initial PRA
j quantdication process when the human events are modeled in the event trees as top events or in the fault trees.

-

The screening values assigned should be high enov6 to ensure that the impact of dependencies betweenh

if screemng values are too low and potential dependencies are not considered.|

events are not tes. =d
important sequences may be trunated. If screening values are assigned before the initial quantification
without any exammation of the events and potential dependencies, screening values not less than 0.5
(assuming that cutset truncation values around IE-9/ry are used in the quantification process) are
recommended for post initiator human events,

l
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|

In the final quanti 5 cation step, if screening values remain for any of the human events, care should be taken so that
|

this situation does not distort the results. Screening values. by dermition, are relatiwly high probabilities, and when
mixed with human events of more realistic values, cc 21d erroneously drive" the results. That is. a sequence could]
become donunant because it included a human event with a screening value that did not properly represent the actual
reliability" cf the operator Follovdng the initial quantincarion. all the human events not in the truncated sequences

and cutsets, should be quantined with a detailed HRA model in order to bring the true significance of human actions

to the final results.

Evaluatmg and Quantifying Human Events

The actual performance of the operators is reflected in the estimated likelihood of an operator failing to diagnose,
perform or properly execute the needed action. Therefore, the quantification of the human events, in a PRA.
incorporates plant-specific factors and practices. These factors include the following:

Plant "condmons" affecting operator performance including:.

- The quality (type and frequency of training) of the operator training. the written procedures and of

the administrative controls.
- The environment (e.g.. lighting. heat. radiation) under which the operator is workmg.

The cecessibility of the equipment requiring manipulation.

- ne necessity, adequacy and availability of special tools, parts. clothing. etc.

i
- ne quality of the human-machine interface.
- ne availability ofinstrumentation needed to take corrective actions.

1

The time available to the operator to determine and perform the desired action, compared with time that is
|

.

actually needed to determine and perform the action He available time is tecident sequence specific and
&temuned from engineering analysis which include actual time measuremen s derived from walk-throughs
and simulator observation. He point at which the operators receive relevant indicators is also considered

in determuung available time. Dermal-hydraulic calculations can be used to help determme the time
,

I available for performing required actions.

Task characteristics such as the number of subtasks and their complexity..

The potential for additional checks (e.g., due to indication of changing plant parameters) on operator acuons.

(immediate recos eries) and the expected arrival of additional support such as an emergency response team

Dependencies and interfaces between the human events and their relationship to the accident scenano.

including the following:

- For pre-initiators. the capability of the operator to impact more than one component, train or system.
is considered. (For example. the likelihood of the operator miscalibrating all level and pressure

instrumentation sunultaneously should be considered.)

- For post-initiators, the human event is esaluated relative to the specific context of the accident

progression. Herefore, for different accident sequences, the human event is evaluated for each
secuence ne influence of previous human actions and system performance are considered relanve
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to their irdluence on the human event under consideration. Time dependency is also considered in (

the sense that the total available time should be considered across the entire sequence. For example,
;

if most the total time available is allonted to the first operator action in a sequence, then the ,

potential success of remammg actions is impacted.

! 1

The following entens can be used to help ensure that no dependencies exists between human events (i c. the esents
'

are truly independen0. i

|

(

|
No common " environmental" factors exists (lighting. temperature, etc.) I*

1
(.

No common in- sclased factors exists (e.g..same/similar procedure; common-cues, same crew perfomung ;

!- +
1

multiple calibrations on the same day, etc.),

i

I Different personnel are involved in diagnosing and executing the human action or series of human actions.

Errors made in performance by the original operator can be " recovered'' by the same operator (e.g., new plant status

information) and by other plant personnel (e.g., post rnamtenance verification by a separate operator, tole of shift

technical advisor, role of emergency response team). Total credit for all =h " recoveries" should not exceed a factor

of 10 (higher credits should be identified and justified). This suggested limit is based on the twertainty associated

with determining the actual i@p-=Aance of the plant personnel and the abilip to precisely quantify human
!

performance, particularly considering all the different uncertainties.

Operators can perform nurr.erous activities during an accident to prevent core damage from occurring. However, the
likelihood of these actior.s can become questionable if too raany or unrealistic operator actions are modeled. While

all reasonable actions fer which time is available can be modeled. it is recognized that an operator or control room |
failure in one instance (e.g., failure to follow procedure) has the potential to influence the likelihood oflater operator

success. Thus, potential dependencies should be considered and it is recommended that for a given cutset, the total

" crew" (both control room and ex control room operators plus any and all other personnel such as the emergency
,

response team) failure probability be bounded to reflect resource limitations and other uncertain factors.

The above factors are used in L .Qsng what data are selected from the various HRA methods in deriving the actual

human error probabilities '(HEPs). The quantified HEPs are characterized as dictated in the selected HRA method.

For example, the Technique for Human Error Rate Prediction (THERP) characterizes data as median values with a
log normal distribution. However, the values input into the sequence quantification should be mean values, therefore,
dependmg on the HRA method being used, conversion to a mean might be necessary. Furthermore, the associated
distribunon can potentially result in a portion ofit being greater than 1.0 (e.g., HEP mean value of 0.8 with an error
factor of 15 will result in the 95% confidence limit being greater than 1.0). In such cases, modification of the

districation is required. An acceptable approach is the use of the maxtmum entropy distribution which sets both the

upper and lower limits.

An essential aspect in the quantification of the human events is a " sanity" check of the HEPs. Tne analyst should
|

review the fmal HEPs relative to each other to check their reasonableness given the plant history and operational

practices and experience. For example, the human events with the relatively higher failure probabilities are generally
y

|
events invohing more complex, difficult activities that are performed under more burdensome, time constrained andI

stressful circumstances. The human events with the relatively lower failure probabilities are generally events

- performed under more common, routine and straightforward circumstances.
;

i
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integratmg HRA Into Sequence Quannlicanon

%e human events in a PRA are integrated into the overall model using several methods. Pre irutiator human events
are included directly in the system fault trees where the process of model quantification accounts for human error
impact on the results. Howes er. post-initiator human enors can be modeled as a top event in the accident sequences
development hg.. event trees), as a basic event in the fault trees. and/or incorporated directly into the cutsets
However post-uutsator events are incorporated into the models. care shoukilse taken so that de acmal human enct
probabihty used in the quannficanon process addresses dependencies berneen operator actions, sequence tmung. ano6
the other factors influencing the HEP. The attributes for this incorporation are provided in Section 2.1. .

2.1.5.2 Application Impact Considerations

It is possible that a particular change to a plant's CLB may influence the HRA models and results. Proper use of a
PRA in a risk-ii..Laned regulatory application requires that the .tr. pacts of proposed plant or procedural changes be
inciuded in the PRA. He actual nature ofimpact will be application specific. However, in general, the proposed|

|

change should be evaluated for the impact on the following HRA considerations:
|

|
The appropriateness of the selected HRA methocology. I-

*

Identify if any new human event may occur as a result of the CLB change. Alternatisely, determine if an-

existing human action modeled in the baseline PRA is no longer orconcem due to the CLB change.

Review the human actions excluded in the 'oaseline PRA to ensure the exclusion is still appropriate for the*

CLB change evaluation.

Identify if the CLB change would impact any factor used in quantifying the baseline PRA human events and.

modify the quantification as appropnate.

Identify if the CLB change would impact human events included in the evaluation of the containment.

performance during a severe accident.

2.1.5.3 Interfaces with Other Tasks

The HRA pornon of a PRA interfaces with several other PRA tasks. Begmrung with the initiating event task. the HRA
may be used to support the identification of human related initiating events. The HRA task also identifies the human
events to be included in the plant logic model (i.e., the human error events included in the event tree structure) and in
the systems models (both pre-accident human errors and response actions). The quantification of post-accident human
error probabilities is performed within the context of the ac:ident sequence cutsets and thus can only be performed after
a prelimmary quantification of the PRA model provides the combination of events and their timing that result in core
damage.

The HRA also provides support to the Level 2 portion of a PRA Human actions required to mitigate a core damage
accident and prevent a release can be evaluated using the same techniques used in the Level 1 analysis.-
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2.1.5.4 Documentation

The documentation of an HRA should be sufficient that a peer reviewer can reproduce the results. At a rmrumum,

the following information pertinent to the baseline HRA should be documented. In addition, modifications to baseline

HRA should be documented for each CLB change application evaluation.

A !!st c.r general desmption of the plant information that was used in the HRA-

A list of all human actions evaluated (both pre- and post-initiator).-

A list of all HEPs for each human action.+

A list of factors used in the quantification of the human actions, how they were derived (their bases), and how+

they were incorporated into the quantification process:

- time available ve-sus time required
- dependencies
- plant-specific PSFs
- diagnosis and execution.

,

Source ofda:a used to quantify human actions..

Screening values and their bases..

Any assumptions that were made in the human reliability analysis, as well as the bases for the assumptions+

and their impact on the fmal results.

2.1.6 Accident Sequence Quantification

The model results include point estimates, as well as results of uncertainty analyses and appropriate importance

measures and sensitisity analyses, to the extent that these provide additional insights and confidence in the results'.

Factors important to the accident sequence quantification task are discussed in this section.

2.1.6.1 Considerations for the Baseline PRA

Selecting the Quantification Model/ Code

Several acapted computer codes are available to perform the quantification; however, the computer code actually used

should be benchmarked. The computer mdes can use the rare event approximation when event probabilities are below

0.1. However, use of the muumal cutset upper bound is always suggested as a minimum to avoid overly pessimistic
results. The code should be capable of accounting for system successes in addition to system failures in the evaluation

of accident sequence cutsets. Tttis can be accomplished usmg either complimentary logic or a delete term

'The use of importar.ce measures ir provided in Appendix A.
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1

l

approximation used in many existing codes. In either case. success probabihues of eqwpment failures and humanj

errors are used in the computation when the probabilits is not close to 1.0. :

1

Initial sequence quantification can be performed using point estimates. The values used for the point estimates are|

,

the mean values of the probability disuibutions for the basic event failure probabilities. As presiously ind;cated, in|

Section 2.1.5. when screening values are used for post-ir.itiator human error probabilities during the frutial
yuimiinca60u. they should be sc!ccted to ensac that no pe:entia!h imponant accident sequence cutsets are eliminated
Cursers generated from the uutial quantification should be re$iewed to ehnunate msalid cutsets. Fmal quanti!! cat;cn
should be performed to replace the post-initiator human screening values with appropriate human error values as

!

discussed subsequently. 1
1

1

Selectmg Truncation Values

Truncation is an iterative process of eliminating accident sequences and cutsets from further consideration based on
low frequency of occurrence. This truncation is done to simpi.fy the quantification process and make it less time

| intensive. Truncation is generally performed at a cutset level during the evaluation ofeach accident sequence where
| alleutsets of a frequency less than the selected truncation limit are climinated. Cutset truncation based on the order'

of the cutset is not pesformed because cutset order is indeper. dent of the quantitative significance of the cutset.
:

Sequences with low frequencies can be truncated in either the initial or fmal quantification process, but the truncation
should be performed to asoid missing any accident sequences that significantly contribute to the model estimation of

|

!
total core damage frequency. At least 95% of the total core damsge frequency and 95% of the early and late release
frequencies should be expressed in the model results. Also,it should be verified that lowering the truncation limit doesI

not significantly increase the model estimation of total core damage and release frequencies.

Truncation has to be considered both before and after operator recovery acrims are applied to avoid discarding

important sequences. The fmal truncation limits can be established by an iterative process of demonstrating that the
overall model results are not significantly changed and that no import 4nt accident sequences are inadvertently

| eliminated. As a guide, a truncation value that is four orders of mag titude lower than the final CDF is usually

! sufficient. Note that the process of quantification including truncatior, should be performed for each risk-informed

regulatory application of the PRA since the impact of the regulatory change can pctentially impact which cutsets and

sequences can ar.d cannot be truncated.

|

| Integratmg HRA Into the Quantification Process
|

Besides the incorporation of human error events directly into the event or fault tree models, events depicting the non-;

recovery probability of procedurahzed (or othemise expected) human actions to mitigate an accident sequence should
be added during the quantification phase of the analysis. 'Ihe nurr.ber of operator recovery actions added to an accident

sequence should be limited to " reasonably expected" operator actions. Reasonably expected means that the operator

actions are speciSed in procedures and do not consist of heroic type actions. Also as discussed in the presious sectioru

the total credit ofpost-initiator human actions for a given sequence or cutset should be reasonably bounded (e.g., not

less than 1.E-6/ry).

Regardless of the type of human error, care should be taken to identify dependencies among multiple human error
events which occur in individual cutsets so that the combined human error probability is not optimistically evaluated.

This implies that cutset-specibe timing and conditional information should be used in the calculation and application
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ofpost initiator operator actions and other recovery actions. Application of such actions at a sequence level cannot |

generally be performed. I

\

Estimating Uncertainties

; The use of PRA in risk-informed regulation should take mio a . count the potential unecrtainties th:t exist so th:t an
cst: mate can be made of the confidence level applied to the quantitative results obtained for a particular application.

The mean values obtained from the PRA are used in the decision making proceas. Use of the mean value m the

decision makmg process does not, however, resolve the need to quantify (to the extent reasonable) and understand

' those L.,~.;.ut uncenainties involved in the PRA and particularly 'in the risk-informed regulatory application of the

PRA.

|
There are two general types of uncertamty. Parameter uncertainty *' results from the lack of knowledge about the |

et failure rates used in the models. "Model uncertMnty" occurs when attemate models can be constructed to |
|

| represent the accident sequence behavior. (his includes conce..a about the model completely representing all

significant phenomena).

Parameter uncenamty should be ir u po ated into the model, his invohes propagation of the failure rate distributions
;
'

|

L calculated in the data analysis task through the PRA models. Events in the PRA representing the same component
failure with the same failure rate are correlated in the uncertainty analysis (correlation een dramatically affect the

|
resulting core damage frequency ur.censinty distribution). To the extent practical, mddeling uncertainty should also

;

.

be irguipu..w! into the PRA. 'Dus can involve applying weights to different models and propagating the impacts of
these models through the entire PRA. An attemative is to perform sensitivity analyses to determine the impact of the

different models.

Acceptable methods for performing uncenainty analysis include Monte Carlo simulation or the variation know as
!

- Latin Hypercube Sampling. Equivalent means of propagating uncertainties may also be used , The computer codes'

used for the uncenamty analysis should have been beh==rked to verify that the results provided are reasonable. An
uncenamty analysis should be performed for each risk informed regulatory application of the PRA using the retained|

accident sequences (i.e. the sequences reflecting 95% of the CDF and 95% of the early and late release frequencies).
in addition., the uncenamty analysis should be performed using a large enough sampic to demonstrate convergence of

,

| the results.

Computing importance Measures and Performmg Sensinvities

The sensitivity of the model sesults to model boundary conditions and other key assumptions should be evaluated usingThe
sensitivity analyses to look at key assumptions or parameters both individually or in logical combinations.
combirations analyzed should be chosen such that interactions among the variables affected by the sensitivities are
fully accounted for. Areas typically needmg evaluation using a sensitisity analysis are modeling assumptions, human
error probabilities. common cause failure probabilities, and safety function success criteria. De results of these
sensitivity analyses are needed to provide some confidence in the PRA results particularly as applied to risk ' formed

m

regulatory applications;

In performmg sensitisity analyses, the analyses should not be performed by manipulating (requantifying) the " retained"
accident sequences and cutsets. The sequences and cutsets that were truncated could potentially be impacted andii i

- significantly influence the results (e.g., dommant accident sequences and contributors). Therefore, the sens t s ty
f
i 240
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d

analyses should oc performed by requanufying the enure MA model uniess n can be shown that oni) dte rciaine
accident sequences and cutsets are impacted.

Importance measure calculations should be performed to preside information regarding the contnbutions of various
components and basic events to the model estimation of total core damage frequency. Typical importance measuresf
are Fussell-Vesely, nsk achies ement. risk reduction. and Birnbaum. The defimtion and use ofimporunc: measuresI

are discussed in Appendix .t

2.1.6.2 Applications Impact Considerations

Itis quite likely that proposed changes to the CLB will impact the results of this task. The proposed changes should
be reviewed to determine if they result in:

Previo dy truncated cutsets br.oming important:-

Reordering of sequences based on their importai e-

Changes in the uncertainty analysis;*

A need for additional sensitivity analyses to be performed;*

Changing in results ofimportance analyses;*

Different operator recovery actions.
,

*

2.1.6.3 Interfaces with OtherTasks

The systems analysis task may provide information needed to debug the quantification task (e.g.. explain why certain
cutsets exist or show where errors were made in modeling). The data analysis task will provide input data fo: the
model to be quantified. The sequence analysis task provides the framework for the model which is quantified. Thei
output of the quantification task (e.g., the cutsets) can be used to find any errors in the modeling of other tasks. It s
also used to provide insights about the plant's risk profile.

2.1.6.4 Documentation
.-

The following information regarding the PRA quanGca; ion should be documented:

A general description of the quanti 5 car. ion process including accounting for systems successes, the trunced an
.

values used. how recovery and post-initiator human enors are applied. and a description of the computer
*

codes used.

The total plant CDF and contributions from the different initiating events and accident classes.+
i

f
.% list of the donunant accident sequences and their contributing cutsets. ( A dominant accident sequence, rom
a frequency perspective rather than a risk persocctive. is defined here as one whose contribution to the total

-
-

CDFis greater than 1%)!
,

Equipment or human actions that are the key factors in causing the accidents to be non-donunant.=

! The results of all sensitivity studies.+

!

2 -3 .'
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The uncertainty distnbution for the total wr and for each commant accicent sequence. ]
*

Importance measure results, including at least Fussell-Vescly, nsk reduction. and risk achievement.+

A list of mutually exclusive events c!iminated from the resulting cutsets and their bases for elimination.+

A list cfall sequences retained after the final quantification. including a brief description of the sequence and*

its CDF.

Records of the actual quantification process such as file manipulations, setting of flags to tum portions of*

logic either on or off, etc.

Records of the process /results when adding non-recovery terms as part of the fmal quantification.+

Recore.s of the cutset review process and any mampela: ions therein such as eliminating invalid cutsets.+

requantifying multiple but dependent human errors in the same cutset etc.

2.2 Internal Flooding Analysis

While tne intemal flooding analysis of a PRA uses much the same processes and has the same attributes of a

traditional full power intemal ewnts PRA (Section 2.1.1) the internal floodmg analysis requires a significant amount

of work to define and screen the most important flood sources and porsib?e scenarios for further evaluation.

The major tasks associated with the Level I portion of an internal f4oeding analysis include:

Flood source and propagation pathw2y identification and screening+

Flood scenario identification and screening+

Flooding model development and quantification.+

The information developed during the flooding source and propagation pathway identification and screening task is

used to identify and quantify the flood scenarios. Results from the identification and quantification of the flooding
scenarios are taen used in the flooding model development and quantification task. While analogous to the initiating -

event identification and exclusion portions of the full power internal events PRA. the first two tacks require
consideration of different plant characteristics with particular emphasis on the spatial aspects of the plant's design.

Consideration of structures, barriers, drainage designs. and different failure modes (e.g., water submersion of

equipment, water spray on electrical equipment) are examples of aspects of the plant that should be considered in the

intemal flooding analysis that are not necessarily addressed in the traditional internal events analysis. After the
flooding scenarios have been screened for detailed quantification, the third task follows much of the modeling a .

quantification aspects already carried out in the internal events analysis with relatively minor modification.

Three scoping attributes should be met to better ensure completeness of the analysis. First. a PRA should esider

not only floods as initiating events, but also include the possibility of flooding occurring as a subsequent eve . to some

other initiator. Second, both water and steam source effects (i.e., jet impingement, splashing, submersion, ,..pe whip,

and condensation) should be considered. Finally, flooding induced by both equipment failure as we!! as human-

induced events (such as failure to properly isolate a potential flood source before doing maintenance) should be
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examined. Attributes that are unique to the internal floodmg analysis (compared to the mtsmal events analysis) are

addressed below.
i

2.2.1 Considerations for the Baseline PRA
|

2.2.1.1 Identification and Screening of Flood Sources, Prcpagat;on Pathways. and Flood Scenarios
1

.

|
1

he first two tasks identified above are performed together in a somewhat iterative mannec because there are numerous !
interactions between the tash The guidance provided in NUREG/CR-4832 (Ref. 214) can be used for performing I

the specific steps necessary to identify and screen the flood scenarios. These specific saps are not reproduced here;

however, certam overriding attributes that should be met in perfonning a sound baselme inte nal flooding analy sis are

highlighted below.

All substantial water and steam sources should be carefully screeneo As a minimum, possible sources should include

piping, valves, pumps, tanks, heat exchangers, room coolers chillers, fire suppression systems (including both
inadvertent actuation and piping failurer), relief valves, potentially large bodies of water in the plant (such as the
suppression pool in BWRs and the spent fuel pool), and nearby reservoirs, lakes, rivers, and oceans that are connected

to the plant through some plant systems or structures (such as the ultimate heat sink that is connected to the plant

through service water system). Any qualitative arguments used to screen or otherwise eliminate flood sources (e g.,

small sizc. !acation arguments, effects are similar and greater for another flood source, etc.) should be well documented

and based on sound engineenng pnneiples and judgment. While probabilistic arguments can be used at this stage.

they should meet the inicating event exclusion principles provided in Section 2.1.1. Both leakage and rupture failure

modes should be considered as well as the potential for human-induced flooding.

Sources ard locations of concern (particularly the identification of propagation pathways) should be supported by

actual walkdowns of the plant. Flood zone defmitions should consider the existence of barriers and drains that can

confine the flood to an area. Propagation paths from one flood zone to another should consider stairways, doorways,

hatches, floor and v.all penetrations and cracks, drain lines. HVAC ducts, piping / conduits, etc.. and should consider

the potential failure of barriers to propagation (e.g., nonnally closed door failing open once the flood water reaches

a certam height behmd the door). Any assumptions or otherjudgment used to defmc and screen out possible locations

and pathways should be documented and based on analyses. calculations, or sound engineeringjudgment. Isolation

arguments should consider methods of detection, access, and available means to isolate or otherwise mitigate the finod

source, and the time to carry out appropriate actions. In addition, the availability of other flood mitigation systems

or actions such as drain lines or sump pumps need to consider sizing and the potential for plugging. With regard to

determining possible flowTates, the analyst should consider whether forced flow (such as from an active pump) or

passive flowiates are expected.

The above information leads to the fannulation of possible flood scenarios that should be considered. These scenarios

are more completely defmed by considering what (and how) equipment is affected in the context of the possible
accident sequences that can lead to core damage (as indicated by the intemal events analysis). It is therefore important

that the possible flood-induced failure modes (i.e.. susceptibility) of equipment be considered besides the random
failures of equipment covered in the internal events analysis. Any guidance used in the flooding analysis with regard
to the failure modes to be considered should be clearly dermed and have a reasonable basis. For instance, electrical

equipment (buses, motor control centers, batteries, inverters. motors for valves and pumps and fans. etc.), if
submerged or exposed to a high steam environment should be assamed to short out and therefore be unable to operate, i

at least during the screening steps conducted in the analysis. Mechanical equipment may be considered to fail under (
|
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1

special circumstances such as when HVAC ducting is flooded and fails because of the water weignt ano so on. i

Screening of potential accident sequences on the basis of what equipment is or is not affected. as we!! as consideration
of the above failure modes. should be clearly identified and supponed.

2.2.1.2 Flooding Model Development and Quantification

With some modifica' ions. the modeling of the resulting unscrecned scenarios uses many of the same sequence models
i'iie

(typically event trees) and system failure models (fault trees) used in the traditional internal events anaiysw
mitigating system fault trees should be modified to account for possible combinations of flood-induced as well as
random failures ofequipment. The types ofinitiating events resultir.g from intemal floods should include not only
transients but also LOCAs induced through spurious valve operation. As stated earlier, consideration should be given
to both floods as initiators as well as floods that occur during or as a result of some other transient. Also, the potennat

for multiple initiating events should be resiewed. De internal event trees can generally be used in a flood analysis
ha'should also reflect additional mHgating systems and actions as appropriate.

The quantification ponion of the analysis is essentially the same as described in Section 2.1.6 but should recognize
the potential for new or more severe PSFs when considering human failure probabilities and possible recovery actions.
However, an initial boundmg quantification can be performed using pessimistic assumptions on flood propagation and

equipment susceptibility. Flooding scenarios that sursive such bounding assessments should be requantified using
refmed estimates of the flooding impacts (obtained through engineering analysis) to,proside a realistic analysis.

2.2.2 Application Impact Considerations

in general, the application impact considerations that impact the internal event models identified in Section 2.1 are

applicable here. In additien. application impacts on the flooding-specific potions of the analysis also need to be
addressed. For example. if an application has the potennal ofincreasing the failure probability associated with piping,

then the screenmg performed as part of the original flooding analysis should be reexamined to determine what impact
the new failure probability has on the screened scenarios. Areas that should be resiewed include:

The potential for the introduction of a new flooding source or the remosal of an existing flood-

source.
4

ne potential for changing the flood propagation potential for an existing or new flood source,+

De mitigation of a flood source (e.g., isolation) may possibly be affected and should be resiewed.*

The impact of a flooding event on accident mitigating equiprnent may be altered by a plant*

modification and should be resiewed.

De potential for new or additional initiating events resulting from plant modification and impacts+ '

on the models used in the accident sequence quantification (i.e.. event trees. fault trees. and HRA)

should also be reviewed.
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2.2.3 Interface with Other Tasks

'Ulis tash uses extensively the information gathered and models developed in the internal event analysis. In particular.
the fauh trees and event trees developed for internal events are modified and used for modeling floods.

2.2.4 Docurnentation

The process ofidenn5ing flood sources, flood pathways, flood scenanos. and their screenine. and internal flood mode!
development and quantification should be documented for both the baselme PRA and any modifications made in
analyzing a inodificadon to the plant CLB. In addition to the information normally documented in a traditional internal
events analysis, at a minimum, the following information should be documented for an internal flooding analysis:

a definition of the flood zones used in the analysis and the reason for eliminating any of these areas from*

further .c.alysis.

a list of flood sources -onsidered in the analysis and any rules used to eliminate these sources.+

a discussion on the propagation pathways between flood zones and any assumptions calculations. or other+

bases for eliminating any of these propagation pathways. ~

a listing of accident mitigating equipment located in each flood zone not screened from further analysis.+

a list of any assumptions concerning the impacts of submergence, spra) . temperature, or other flood-induced+

effects on equipment operability.

a discussion of how the intemal event analysis models were modified for the intemal floodmg analysis..

a list of the flood frequencies and component failure probabilities from flood effects and their bases, and.

a discussion of any calculations or other analyses used to refine the flooding evaluation.+

.

2.3 Internal Fire Analysis

A fall power internal fire PRA utilizes the same overall analysis approach and procedures used in performing a full
power traditional intemal events PRA (Section 2.1). In fact, there are many points of commonality between the
traditional intemal events analysis and an internal fire risk analysis. These include the use of the same fundamental

,

plant systems models (event trees and fault trees), similar treatment for random failures and equipment unavailability
f:ctors. s;.nilar methods of overall risk and uncertainty qurntification. and similar methods for the plant recovery and

human factors analysis. Consistency of treatment of these commonalities is an important feature in a fire risk analysis.

It is also important that the documentation of an internal fire risk analysis parallel that of a traditional internal events

PRA, with supplemental documentation of the unique fire reisted aspects of the analysis provided as necessary.
i

Although the overall evaluation process is the same, there are differences in the events postulated to occur in response
to an intemal fire event as compared to those from a traditional internal event. These unique features should be
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accounted for m a sound caselme tire nA anai> sa. ;he rr.c.:r. A:;re.:::3 t:re.::n :'r:i n:::!'m: c!0' = *? 25 *
and an internal fire analysis are as follows: {

Physical Plant Partitioning - physical partitioning of the plant into fire analysis areas and zones+

Equipment Identifi:ation and Mapping -identification of plant components not typically considered in an.

internal events analysis, including in particular electrical power, instrumentation, and control cables. and the

mapping of such eqtupment to specinc isnmu

Fire Source identification and Quantification -identification ofignition sources and quantification of their.

frequency

Fire Growth and Spread Quantification - determination of fire growth and spread.

Fire Dransge Assessment - the assessment of fire-inJeced damage to plant equipment+

Fire Detection and Suppression - determination of the effectiveness of fire detection and suppression.

Human Intervention and Plant Recovery - identification of the impact of a fire event on the possibility and+

likelihood of post fire human actions (including the impact of contradictory or failed indication).
_

The major analysis elements described in Section 2.1 for a traditional internal events analysis are also applicable to

an intenal fire analysis. Differences that arise come fimm the fact that the fire analysis has to ac:ount for the effects

of the fire and should provide for the specific treatment of the actual fire phenomena associated with the postulated

fire event as presented ebove. A fire analysis generally consists of three phases:

initial area screening+

secondary area screening, and+

detailed analysis.+

The initial area screening phase of the analysis identifies the limited subset of plant fire areas which should be
considered for more detailed analysis. This initial screening is based on consideration of the nature of the
components / systems located within a fire area without specific consideration of the phenomena involved in the fire

growth and damage processes The components located within a given fire area are identified and the impact of their

failures on plant systems are assessed to determine the potential for a fire in the fire area to represent an initiating
event.

The secondary area screening phase is then applied to further refine the areas requiring detailed quanti'ication by

inclusion of a rudimentasy treatment of the fire phenomena. This secondary screeninE process may be performed at

progressive levels of detail. Initially, the secondary screening analysis includes a high estimate of the total fire
fh:auency &om all fire sources in a particular area, with the further assumption that all fires would result in damage
to all equipment in the affected area with a probability of 1.0. If the resulting fire risk estimate falls below the
specified truncation value, then the area requires no further consideration. If an area cannot be truncated on this basis,

then further screemng can be applied in which low estimates of fire intervention factors are introduced. However. as

the analysis becomes more refmed, the level of detail considered should also become more refmed, resulting in the

' blurring" of the "line" between a secondary screenmg analysis nd a detailed area quantification (see next paragraph).
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.

For example,if some credit for successful fue suppression before critical fire damage is to be given, then the analysis
should include consideration ofphysical factors which might make it unrealistic to assume that inten ention would be

s-er l A typical example of this would be a case in which a critical cable was located directly above an energeticu
potential fire source such as a switchgear cabinet such that if the fire were to be ignited then damage would occur in

.

a very short time.

For the subset of fue areas which sunive the initial and secondarv screening phases of the analysis, a detailed
cnuntification of the fue risk for each fire source postulated to exist in that fire area is performed. Generally, at this

point in the analysis, the fire areas defined in the screening analyses are further partitioned into fire zones for detailed
q= hon. His partitioning essentially results in the dermition of what specific componer.ts are considered to be
threatened by a fire event.

As part of each phase in a fue PRA. the patrial effects of a fire within a single fue area or zone and the effects of
inter-arts and inter-zonal considerations (i.e., the effects of multiple &c st:as er fire zones in combination to represent-

significant contributors to fire risk) are determined. The assessment of the potential that a fire in one fire area or zone
might impact equipment in an adjacent fire area or zone is particularly important for the high hazard fire areas (in
witsch a fire might :hreaten even a three-hour rated boundary). zones bounded by fue barriers ofless than three-hour

rating, and fue areas or zones separated by active fue barrier elements (such as norntally open fire doors, water
cunains, ventilation dampers, etc.). Consideration should be given to the likelihood tharfire barrier penetration seals.

might fa2 under cer*.ain types of fire conditions (such as larger fires or fires immediately proximate to the seals).

Within each of the assessment phases, the fue-specific differences between a traditional internal events analysis and
an internal fue analysis should be dealt with. De level of detail applied to the assessment of each of these specific

differences depends largely on the phase of the fire analysis. That is, the screening phases may include only a
rudimentarj teatment of certain differences, whereas the detailed quantification phase will require a specific and
comprehensive treatment of each difference. Attributes for each specific difference are presented in the following
sections. In addition, fire-unique attributes for each of the PRA analytical tasks identified in Section 2.1 are prouded.

2.3.1 Considerations for the Baseline PRA

This section proddes the attributes of a detailed fire PRA that could be utilized as the base model in tne evaluation
of a CLB modification. The fire-specific aspects of the PRA are discussed as well as the interfaces with the intenal

event PRA models,

2.3.1.1 Defining Fire Areas or Firt Zones

Since the physical partitioning of the plant effectively defmes which components and systems will be considered
simultaneously winerable to a conunon fire event (with the exception of the fmal inter-a. 2 or inter-zonal fue analysis

stage), the partitioning process significantly impacts the final analysis results.

De termsfire arec andfire zone are widely used in fire risk assessment and are also recognized terms with specific
definitions in the context of fire protection. Afre area is generally defined in the fire protection context as a physical

region which is fully bounded by three-hour rated fire barrier systems (as certified by the ASTM El19 fue performance
test). He above traditional fire protection community detinition of a fire area is consistently applied in fire risk
analyses,but it should be recogmzed that the term fire zone can represent many different levels of physical separation.
Dat is, the termfre zone has a mort flexible and judgmental definition, and is generally associated with any physical
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region bounded by lesser fee bamer elements. In some cases 6te n.ne, can oc ceimea m nsk assessments as regions

with no specific physical boundary elements which are nonetheless considered to represent the physical limits of;

influence for any fire in that region. For example, a multi-level fire area sepamted by floor /ceilmgs with open j

equipment hatches might be defmed for the purposes of analysis as several separate fire zones despite the presence ofj
!

an open pathway between the zones. Similarly, a physical region of twenty feet of horizontal separation with no
inicrvening combustibles (an Appendix R presisica) can be ci:cd as d: fining the limit of a fire zone despite the !a:k
of any physical banier between adiacent fire zones Since there is flexibility in the definition of a fire zone, a fire
analysis should define each fire zone identi6ed and used in the analysis.

With respect to the three analysis phases identified above. a fire PRA can ice the following partitioning process:

|
Initial area screemng is based on the consideration of fire areas as traditionally defmed in the fire protection+

context. Fire zones, as used in fire risk assessments. are not used.

Secondary area screenmg is initially based on the use fire arc.s. As the screening becomes progressively more+

detailed. the use of fire zones becomes acceptable as long as such use is supported by specific and detailed
consideration of the fire phenomena involved (NOTE: 11us is generally inconsistent with the intent of the,

|
screening process, but is acceptable if all relevant fire phenomena are considered.) |

l

Detailed area quantification is based on the use of fire areas or fire zones, whichever is appropriate.+

23.1,2 Equipment identification and Mapping I

The critical plant systems and components ofinterest to the analysis should be identified. This is generally based on
an examination of the nsk important systems considered in the trnditional internal events analysis described in
Section 2.1, supplemented by consideration of fire-related plant documentation such as the plant Appendix R

,

|
submittal, and veri 6ed by plant walkdowns. Consideration of only the plant Appendix R systems is not an adequate

Electrical cables (power, instrume itatico, and control) for all systems andfire PRA.basis for analysis in a
components should be included in this assessment. After identifying the equipment. the location (s) of each of thel fdetail. For
wupssts identified should be traced to specific plant locations. This step can involve multiple leve s o
example, for the purposes of initial screening, mapping a piece of equipment to a specific area is sufficient. For
secondary screening, mapping to fire areas or fire zones is warranted in contrast, detailed quantification of area or
zone fire risk requires that the equipment be mapped to very specific locations within the fire area or zone. This is
because the area ofinfluence of most fires will be limited to a subset of the fire area or zone, and because the proximity
of the critical equipment to the fire source will directly and profoundly impact the timing of equipment damage.

.

23.1.3 Fire Source Identification and Quantification

The fue analysis should both identify possible fire sources in a given plant location, and quantify the frequency with
which each of those fire soura might initiate a fire event. This includes both fixed fire sources (pumps, motors.
electrical panels, switchgear transivrrners, fuel and oil storage media. hot pipes such as diesel generator exhaust pipes.
electrical cables, etc.) and transient sources (trash, maintenance activitics includmg equipment and supplies, sources
ofliquid or gaseous flammable material leaks, short term storage items, long term storage items, etc.). A fire events
data base is typically used to support this part of the analysis. In general, a fire analysis considers all possible fue
sources. Consideration of only the single most significant or largest fire source in a given area is not generally
considered an adequate basis for the analysis. This is because the fire threat is a combination of sneral factors and
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I
the largest or most significant perceived fire threat may not, in fact. represent the boundmg condition m the comext '

of fire risk. j

|

2.3.18 Fire Growth and Spread Quantification ]
|

The fire analysis should Mso quantify the potential for an irutial fire source to both grow within the limits of that initial

fire scurce and Ibr &c fire to spread to o6er nearby flammable materials by considering the maximum credible si7e

(both the intensity and physical extent) associated with the iminal source and the potennat for that fire source to sr.m ;

other nearby materials. The analysis of fire growth within the initial fire source may be based on either a fire computer j
model or on available test data. but the analysis of fire spread to other nearby materials requires the application of a !

proven fire growth computer model of some type. |
-

l
2.3.1.5 Fire Damage Analysis ;

L J on the fire growth analysis, a prediction is made as to aow the fire will impact the environment surrounding the

critical components ofinterest and in tum how that environment will impact the operabilitv of those components. In

a fire PRA the timing of equipment damage is one of the two most critical factors to be determined (the second is fire

detemion and suppression, discussed in the next section below). In order to pass beyond the initial screening steps

to final quantification the analysis should consider not only if damage will likely oc_ cur, but also the time tntenal
between ignition of the fire and the onset of equipment damage. This process should include the identificaion of both

the modes or mecharusms of fire damage (typically simple heating of the component but also potentialle inci' 4.ing

smoke deposition) and the threshold exposure associated with the onset of equipment damage (such as aamage

temperature)_

'2.3.1.6 Fire Detection and Suppression

in genemi, the quantification of fire risk involves an assessment of the competing process of fire growth and damage |

behasior and that of fire intervention through detection and suppression (unless it is judged that time to damage is very j

short). The analysis of fire detection and suppression. including the timing of these intervention tnechanisms, is the ]
second of the two most critical factors associated with a fue risk analysis. This is a multi-path process which should i

include consideration of both fixed systems and manual imervention (both the detection and suppression events may

involve actions by either fixed fire protection systems or plant personnel). The detection and suppression analyses

should be linked (detection alone is largely worthless without suppression, but suppression should be predicated on

fire detection unless fire self extinguishment is postulated), and the fire damage and fire inten ention analyses should I
be perfonned on a consistent basis because comparison of fire damage times to fire intervention times is the ultimate j
drising force for the nsk quantification. Hence, both parts of the analysis should be based on consistent treatment of

the relevant fire phenomena.

:n addinon to the potential for the fire itself to damage the cmical equipment ofinterest. a fire analysis should consider

the possibility that application of fire suppressants (e.g., winter, Halon, or Carbon Dioxide) might also lead to
1

supplernental equipment damage. This aspect of the analysis requires consideration of both the potential effects cf

the fixed fire suppression systems and the possible intervention by firc fighting personnel. The most dtflicult aspect

of this analysis typically involves the manual intenention aspects. This is because the analysis should include
consideration offire fighting access routes, the potential for the build-up of a dense smoke layer (which would increase

the likelihood ofmisdirected water sprays), and the level of training and pre-fire planning prosided to the fire fighting

personnel.

Draft, NUREG-1602 2 39



_ _ _ _ . . _ . _ _ _ _ _ _ . _ _ _ _ _ _ - _ _ _ _ _ ___ _ _ __ .

.

2 L: vel 1 PRA Modelind or Fullpower Operationsf

2-.!,L7 Human Intervention and Plant Reemery

The fmal step in quantification involves an assessment of human intervention and plant recovery following the fire
. event by using the same process as that used in the traditional internal events analysis. The impact of the fire on the;

level of operator stress, and hence, the likelihood that operators might make mistakes in the recovery process, should
|

be considered. Second. the presence of a fire in a given area is generally assumed to prevent plant personnel from
taking recovery actions which require access to or through the affected fire area until well after the fire has been

.

eninguished. If operator initiated repairs (recos ery) of equipment d. unaged in u fire i> comidered, then ju>iiliation
should be provided that demonstrates the operators ability to make the repairs. This ansksis should also include a
careful exanunation of the plant's attemate shutdown capability for certain plant fire scenarios (typically those
involving the main control room or cable spreading rooms). . This aspect of the analysis includes the consideration of
potential fire induced failures which might not be evident at the remote shutdown station (s), and the level of plant
equipment and systems control which is available outside the main control room.

,

2.3.1.8 Fire EJef Development and Quantification

The following paragraphs identify the unique fire analysis attributes associated with the PRA and quantification
modification of the intemal events models for use in the fire analpis,

initiating Events

The same set ofinitiating events identified in the traditional internal es ents analysis are considered in the interna! fire
analysis. For example, if LOCAs are considered, then fire-induced LOCAs (i.e., spurious valve openings) should be
considered. Initiating events that cannot be caused by a fire-induced equipment failure, or by potential operator
responses to a fire event can be eliminated. Note, for example, that even though fire-induced equipment damage in
a given fire area or zone might not directly lead to an initiating event, the analysis should consider the potential that
operators might take actions on a preventative basis to shut down the plant in the event of a significant fire, and that
the p=m1**l fire might render safe shutdown systems inoperable or unavailable. Fire-induced initiators that require
fires in two noncontiguous fire areas can be eliminated from the analysis.

Accident Sequence Analy.us

The analysis should include a specific treatment of each of the specific fire scenario differences which have been
discussed in Sections 23.1.1 through 23.1.7. In addition, any fire-unique dependencies should be considered.

Systems Analysis

The fire PRA should include consideration of spatial dependencies for the following:

cables (e.g., power. instrumentation. and control)-the location of the cables both to and through the fire.

areas / zones,
.

all other components vuberable to fire-induced damage or failu e (e.g., pumps vahes actuators, motors,.

switches, and elecrical panels).

,

2-40
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componems not nunernoie to tue-mducec damage or kiime may be eiimmaico hom die anai sis (e.g., ialsct
+

piping is not typically included in fire risk analyses).

Fire-induced system dependencies should be considered in a fire PRA. In particular, the analysis should consider
the potennal for common-cause failure of multiple components /s) stems due to the effects of a given fire. This potential
is unique from a traditional intcmal ever.ts : ,alysis because the effects of a fire te g., heat and smoke) can unei

i f i lf a or tone under
(;ttid# throughout a given fire area or zone. and can also extend bevond the lim ts o a s ng e ire are
cenam circununnces. Eifecu which should be addttsaxiiz!ude. 3mvi/ suppassion) agott cifccts, a"d ter,:perarare.
Ifany of these can affect the performance of a compuent, then thetr impact should be considered. The fire PRA should
also include consideration of direct thermal heating of components due to convective and radiative heating of targets

by the fue.

For power and control cables, fire PRA should include some consideration of the three recognized potential failure
modes; namely, conductor-to-ground shorts (which might result in simple loss of function or power bus failure),
conductor-to conductor shorting within a multiconductor cable i.vhach nught simulate the effects of a switch closing
or cause a shorting of a power supply bus), and conductor-to conductor shorting between adjacent cables (which might

i

cause spuriors operation of fant equipment, or cause destructive voltages to be applied to a lower voltage system).
Each mode should be considered, and screening of failure modes is based on physical proximity and systems impact

considerations. :.

j Fire hfodeling

Lessons teamed from presious fire PRA studies indica:e that caation should be exercised in areas, such as:1

|

Selection of cable ignition and damage enteria.+

|
| Credit taken for in-cabinet smoke detectiert.+

Performance shaping factors associated with emergency HEPs, especially in a degraded ernirortment caused+

|
by fire,'

Modeling ofinitiation and effectiveness of automatic suppressio:t, and+

I When "FIVE" is used to address NRC-mandated enhancerr.ents such as additional Gre irtitiating events.+

proper consideration cf certain passive compor,ents, thermal damage thresholds, self-ignited cable fues,
|

earthquake induced fires, and containment fires.

1
|

|
' A potentially important mode of fire damage not usually inchided in a typical fire PRA is smoke damage. As

research is this area matures, failures associated with smoke should be included in a the fire analysis.
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Data Analysis !

Current sources of fire data should be used to support the fire anal.ssis A baseline PRA shou!d: |

|

consider industry wide c9erience with Bayesian updating based on plant-specific experience when estimating I.

'

fire frequency.

use a current state-of-the-art fire growth code to detemune the impact of fire propagation, and I.

l

include a quantification of uncertainty associated with all critical input valaes. |.

Human Reliability Analysis (HRA) ;

i

in a fire analysis, the impact of a fire on the operator's ability to perform actions should be included in the
identification and selection of the human action * in particular. the i- pact of a fire on 11uraan stress levels and hmnan

reliability sould be included in the HRA analysis Further. the analysis should include uw <:onsideration of how the

fire event might impact faulty indicadons, and operator actions which requise access to or irouga the affected fire
,

area (generally credit should not be given to such actions umil well after the fire is presumed to be fully suppressed

due to heat and smoke buildup and other related factors) The presamption that fire 6 unaged equipmern can be

repaired as a pan of the short term fire recovery should be specificallyjustified on the basis of available repair items

and plant prccedures. A fire PRA should consider the possibility that manual fire detection and suppression are one

possible path to fire intervennon. The potential for manual fire detection and suppression should include consideration

of the following issues:

Detection:

the nature of the fire event (human caused or equipment failure related)..

for general plant areas, who is there, when are they there. and how frequently are they there (occupancy.

factors). and

for the main centrol room. the configuration of the control room. its ventilation systera. and in particular, the_..

con 6guration of the ventilation system's return air handling ducts (which might significantl., impact the timing

of manual detection).

Suppression:

who is on he Gre brigade (operators. secur.ty staff, health, safety, general maintenance staff, etc.), their.

training. their equipment, and their experience facing actual fire situations,

the time required for matmal suppression (including irstial response time as a function of zone, time to.

assemble and equip an efketive fire fighting team. time to assess the fire situation, and time to actually

suppress the fire). and

collateral damage caused by ap' plication of suppressant agents. even if direct fire-induced damage was.

successfully mitigated.
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2.3.2 Application impact Considerations

|in general, all application impact considerations identified in Section 2.1 are applicable for the internal events model
used in the fue analysis. In additiort a proposed CLB change can impact the fire specific portions of the analysis For
example. if an application has the potential ofinming the failure probability associated with a motor operated s ah e.)
then any scr:eni:rg performed as part of the baseline fire anal sis should be reexamined to determine what impact the3

new failure probabihtv has on the screened sequences.
'

>

Specific factors which should be reviewed for each app!ication include:

The appropriateness of the fue zones and area definitions used in the anal) sis and corresponding equipment+:

mapping.

Re pouential for the introduction of a new fue source or conversely. the elimination of a fire source).
1

s+

The potential for a change in the fire growth and propagation potential..
,

Re pountial for a change in the fire damage potential of eqttipment.+
.:

Chr.nges in the fue PRA model including the potential for different initiating events, addinonal spatial failure+ *

modes required in the system fault trees. and modified human event error probabilities.

2.3.3 Interface with Other Tasks ,

In general the interfaces identified in Secnon 2.1 are also apphcable here. Moreover, the applicable Level I internal
events logic models should be identified and modified to account for fire induced damage. Fire induced accident

- scenarios are assigned to plant damage states similar to those used in the conventional intemal event analysis.
- In addition. the following interfaces among fire-specific analysis tasks should be considered:

the fire area and zone defmitions will be used to identify the components can be affected by a fue.+

the affected components will impact the development of the system models.+

'

the fire snurce identification and quantification results will impact the initiating event identification and+

quantificanon task,

results from the fue growth and spread task, the fire damage assessment task, and the fue detection and+

suppression task will impact the final sequenc: quantification, and

information from the fire growth and spread task and fue damage assessment task will influence the human+

reliabilitv analysis task.

2.3.4 Documentation

in addition to the infonnation normally documented in a traditional internal events analysis, the following information

should be reponed in a fire ppd:
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A discussion of how the sub-set of initiating esents relesant to the tire analysis was ocsciopea. anu m+

particular. how the internal events set was screened for relevance to fire.

A list or general description of the information used to develop the fire areWzone locations.*

A description of the process used to identify the fire areas /zenes.*

A list and description of the identified fire areas / zones.*

A list of the cables and components considered in the analysis.*

A mapping of risk important components and systems to fire areas or zones.*

Justification for any system or component / cable for which location information was not pro 5ided.+

A list of any data bases, experimental results, plant procedures plant experience, or analysis tools (such as+

fire computer models ur correlations) used to support each step of the fire phenomena analysis.

A list of(and justification for) the specific parameter values associated with the analysis of specific fire*

scenario factors.
..

A list of the entical inputs and outputs associated with each scenario analyzed in a format sufficient to allow*

independent verification of the analysis results and in a level of detail appropriate to the stage of the analysis

under consideration (e.g., screening versus detailed quantification).

A rpecific discussion of how the HRA operator recovery analysis was " customized" or " modified" to account+

for the unique conditions of a fire event, including how manual fire detection and suppression factors were

incorporated into the quantification of the fire growth, damage and intervention models.

Results from the initial screening, secondary screening (if applied), and detailed quantification stages of the+

analysis.
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3.
INTERNAL EVENT LEVEL 2 PILA FOR Fl'LL POWER OPERATIONS

T1us chapter prosides attnbutes for performing a Les el 2 nrobabilistic nsk assessment (PRA) of a plant operating at
i

I

full power. A Lesel 2 PRA evaluates containment response to sesere accidents and determmes the magmtude and
timing of the radionuclide release from containment Cousequently. those PRA apphcatiens that deal with containment
performance obviously need a Lesel 2 analysis as desenbed in this chapter. A Lesel 2 analysis is also needed if the
appheation requires that a numend salue foi the fieuucacy of a panicular eclease be determined

Finalh..Ta
particular PRA application requires estimates of offsite consequences and integrated risk. as. for example. in the
en!culanon of the U S Nuclear Regulaten Commission (NRC) Safers Goa! Ouann:stne Hea!!h Objectn es OHOu
then a level 2 PRA coupled with a Les el 3 PRA is needed Accidents initiated by intemal events including intemal
fires and floods are addressed in the following section. Accident mitiated by sanous external es ents are addressed in
Chapter i

he pnmary objective of the Lesel 2 porton ofa PRA is to charactenze the potential for, and the magnitud: and timing
of a release of radioactive material to the environment given the occurrence of an cccident that results in sufficient
damage to the core to cause the release of radioactise matenal from fuel. To satisfy this objective a quality Level 2
PRA is comprised of three major pans:

A qualits Lcvel / PRA. which proudes informacon regardmg the accident sequences to be exanuned and their
+

frequency. he attnbutes for performing the analyses associated with this aspect of a PRA are described in
Chapter 2 and are not discussed funher here

_

A stnictured and comprehensive evaluation of contamment performance in response to the accident
*

sequences identified from the Lesel I analysis

A quanntatne charvetert: anon ofrodiologicai release to the ennronmnt that would result from accident
.

sequences which breach the contamment pressure boundan.

A detailed desenption of the attributes for conducting the technical analyses associated with each part is providedbelow.

The current state of knowledge egarding many aspects of severe accident progression and (albeit to a lesser extent)
the state of knowledge regaraing containment performance limits is imprecise.Herefore, an. assessment of
containment performance should be p:rfe;med m a manner that explicitly considers uncenainties in the knowledge of
ses ere accident behavior, the resultmg challenges to containment integrity, and the capacity of the contamment to
withstand various challenges. he potential for a release to the environment is typically expressed in terms of the
conditional probability of containment failure (or bypass) for the spectntm of accident sequences (determined from
Les el 1 PRA analy sis) that proceed to core damage.

In addition to estimating the probability of a release to the ensironment. the Level 2 ponion of a PRA should
charactenze the resulting radiological release to the enuronment in terms of the magnitude of the core inventory that
is released. cm:ng of the release and other attnbutes important to an assessment of offsite accident consequences Thi
information presides (1) a quantitatise scale with which the relative seserity of vanous accider.t sequences can be

. s

ranked and (2) represents the ' source term' for a quantitatis e esaluation of offsite consequences (i.e.. health effects.
propeny damage. etc.) which are estimated in the Les el 3 portion of a PRA.
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3 Internal Es ent Lesel 2 PRA for Full Power Operation.

in tne uescription ofine Lesci 2 PRA ocion. empnasts is piacco on the sevet of aemn associatea witn tne major
elem-nts of a Level 2 analysis, rather than the specific techniques used to condret the analysis This approach is

emphasized because seseral different methods can be used to cakulate the probabilistic aspects of severe accident
behasier and containment performance. The most conunon methods are those that use event- and'or fault tree logic

structures, howeser. other techniques can also be used Further, the specific methods of quantifsing similar logic

structures can dfer from one study to another In pnnciple, any of these methods can be considered adequate pronded

it encompasses the lesci ot detait desenoed below.

As indicated abos e, the two major products of a Level 2 PRA are (1) the conditional probability of containment failure

or bypass for accident sequences that proceed to core damage and (2) a charactenzation of the radiological source term
to the emironment for each sequence resulting in containment failure or bypass. Although the analyses conducted to

generate these products are closely coupled. the characteristics of the analysis to generate them are best described
separately. Hence. characteristics of a probabilistic evaluation of contamment performance are described in Section

3.1; characterist... of the accompanying estimates of radionuchk release are described in Section 3 2

3.1 Evaluation of Containment Performance

Although the specific analysis tasks w1thm vanous Lesel 2 PRAs may be nrganized differently. the followi7 three

critical elements are included:

;

An assessment of the range of challenges to contamment integrity (i.e.. determination of possible failure+

mecharasms and range of structural loads).

Charactenzanon of the capacity of the containment to withstand challenges (i.e.. determination of performance*

limits); and
;

A process of orgamzing and integratmg the uncettainties associated with these two evaluations to generate*

an estimate of the conditional probability that containment would fail (or be bypassed) for a given accident

|
sequence.

1

Attnbutes for developing each of these elements are described below.

3.1.1 Assessment of Challenges to Containment Integrity

The primary objective of this element of a Level 2 PRA is to characterize the type and sesenty of challenges to
contamment integnty that may arise during postulated severe accidents. An analysis to determine these characteristics

acknowledges the dependence of containment response on details of the accident sequence. Therefere. a entical first

step is de eloping a structured process for derming the specific accident conditions to be exammed, Attnbutes for

| detemumng which of the many accident sequences generated by Level 1 PRA analysis should be further ev,amined for

impact on containment are defmed in two parts:

1. Attributes for reducing the large number of accident sequences developed for Level 1 PRA analysis to a

practical number for detailed Level 2 analysis. and

2. Attributes for perfomung and coupling the assessment of containment system performance (i.e.. reliability

analysis) with Level I accident sequence anal >ses
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1

3.l.i.i Defining Nic Attitjent bequences tu De Aucucu

The primary purpose of Les el 1 PRA analysis is to identify the specific combinations of sy stem or component failures

(i.e.. accident sequence cutsets) that would allow core damage to occur. Unfortunately, the number of cursets generated

by a Level 1 analysis is very large (typically. greater than 10.000). It is impractical to evaluate severe accident
procressien and resulting centamment loads for each cf these cutecte As a result. the common practice is to creuc

the Lesel I mitsets mio a sufficientl small number of' Plant Damage States (PDSs)' to allow a practical assessment3

of the ciwilenga io conwounem mtegun jouiong nom use suu 3pauum ohaaiem scquena3

Considerations for the Baseline PRA

Any characteristic of the plant response to a given initiating event that would influence either subsequent containment

response or the resulung radionuclide source term to the environment would be represented as an attribute in the PDS
binning scheme. These characteristics include:

The status ofnstems that have the capacity to inject water to either the reactor vessel or the containment*

cavitnor drw ellpedccalt Defining system status simply as failed" or operating" is not sufficient in a
Lesel 2 analysis. Low-pressure injection systems may be available but not operating at the onset of core

damage because they are ' dead-headed' (i c.. reactor vessel pressure is above their shutoff head.) Such states

are distinguished from low-pressure injection ' failed' to account for the capability of dead-headed systems

to discharge after reactor vessel failure (i e.. prosiding a mechanism for flooding the reactor casity).

The status ofsystems thatprovide heat removalfrom the reactor vessel or containment. Careful attention*

should be paid to the interactions between such systems and coolant injection systems. For example.
hmitanons in the capabilits for dual-function systems such as the Residual Heat Removal (RHR) system in

most boiling water reactors (BWRs) (which provides pumping capacity for low-precsure coolant injection

(LPCI) and heat removal for suppression pool cooltng) should be properly accounted for.

Recoverabdity of failed' systems after the onset of core damage. Typical recovery actions include
restoration of altematmg current (AC) power to active components and alignment of non-safety-grade systems

to proude (low-pressure) coolant injecuon to the reactor sessel or to operate containment sprays. Constramts

on recoverability (such as no credit for repair of failed hardware) are dermed in a manner that.is consistent
with recosery analysis in the Level 1 PPA.

The mterdependence ofvarious systemsfor successfid operation. For example. if successful operation of*

a LPCl system is necessary to provide adequate suction pressure for successful operation of a high-pressure

coolant injection (HPCT) system. failure of the low-pressure system (by any mechanism) automatically renders

the high-piessure system unavailable. Dus information may only be indirectly available in the results of the

Level I analysis. but should be explicitly represented tn the PDS attributes if recosery of the low-pressure
sy stem (after the onset of core damage) is modeled.

Sneral subde aspects of the mapping of accident sequence cutsets from the Level 1 analysis to the PDSs used as inpu:
to a Level 2 analysis should be noted at this potnt.

The enttre core damage frequency (CDF) generated by the Level 1 analysis is carned forward into the*

defuution of the PDSs which are the entry pomts to the Lesel 2 analysis. A nuntmum (' cut-off) frequency
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is not actined as a means or screenmg out i:ss-imponant a:enient sequences. Tne oojectise is to sitow the
risk contnbution from low-frequencyihigh-consequen:: a :ident sequences to be car ed

The mappmg from tFe Lesel I analysis to the PDSs is performed at the cutset les el. not the accident sequence'
-

les e!.

For some accident sequences. the status of all systems ma> not be determined from the sequence cutsets ror-

example if the success entena for a large break ioss-of-coolant accident (LOC A) in a pressunzed water
reactor (PWR) reqmre successful accumulator operation the large LOCA sequence cursets involving failure
of all accumulators will contain no information about the status of other coolant injection systems. Realistic

'

resolution of the status of such systems. honeser. often provides a mechanism for representing at:ident

sequences that are arrested before substantial core damage and radionuclide release occurs. In a Level 2
analy sis, these systems are not simply assumed to operate as designed. Their frilure frequencies are estimated
in a manner that preserves relevant support system depend:=::3. These are then numerically combined wrn

the sequence :utset frequencies from the Lesel I analy:is.

Application impact Considerations

it is possible that a particular change to a plant's current licensing basis (CLB) may affect t e way in which accidenth

sequences are bmned mto PDSs. For instance. if the proposed change involves the operability of a pnticular
contamment sy stem. this could influence the manner in which the system is accounted for in the PDS attributes.

Interfaces with Other Tasks

This task provides the mterface betwc:n the accident sequences identified by the CDF analysis and the subsequent

a :ident progression analysts. The large number of cutsets generated by the Level 1 analysis is reduced to a practical

number of PDSs whi:h ser e as the starting point for the Les el 2 analysis. This task is a crucial step in assunng that

ti. uccident sequences are correctly chara:tenzed in terms of containment performance and radionuclide release.

Documentation

In eeneral. sufficien, information should be provided in the documentation to allow an independent analyst to |
'

reproduce the results At a minimum. the following should be provided:

|

a thorough desenption of the procedure used to group (bin) mdividual acciocut entsets into PDSs. or other+

reduced set of accident scenanos for detailed Lesel 2 analysis.

a listtng of the spectfic attributes or rules used to group cutsets. and-

1

a listmg and or computenzed database providing cross reference for cutsets to PDSs and vice versa. |+

|

3.1.1.2 Assessment of Containment System Performance |

iThe rehability of systems whose pnmary function is to maintatn containment integnty during accident conditions are

not always completely incorporated in the accident sequence cnalysis performed by Level 1 PR.A Such systems.may
include containtnent isolation. fan coolers. distnbuted contamment spray s. and h> drogen igniters. Neglectmg these
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not play any role in presentmg core damage followmg a postulated accident imtiatmg es ent. An assessment of the

reliability of these systems is therefore. mcorporated m a Lesel 2 analysis to ascertain whether they would operate as

designed to provide containment response during core damage accidents

Considerations for the Baseline PRA

The meth0ds. scope and teciuuci rige used to nainate the reliabiiny of the contammem esciation' heat remem

systems are comparable to that used in the level 1 analysis of other 'frontline' systems (refer to Chapter 2) Fault tree

models (or other techmques) for estimating failure probabilities are developed and linked directly to the accident
d sequence models from the Lesel 1 PRA. This linkage is necessary to properly capture the important influence of

mutual dependencies between failure mechanisms for containment systems and other systems. Obvious examples

include support system dependencies, such as electrical power. component cooling water. and instrument / control air.

O'5- dependencies that need to be represented in a manner consistent with the Level I system models. however. are
more subtle For exampic.

Indirect failure of containment safet., systems due to harsh environmental conditions (resulting from fai!re-

of a support system) should be represented m the assessment of containment sprem re'iabilits One
unportant eumple is failure of reactor or auxiliary building room cooling causing the failure of containment
systems due to high ambient temperatures

,

The impact ofcontamment system operation prior to the onset of core damage should be accounted for in the.

evaluation of system opeiability after the onset of core damage.

The human rehabih:s analysis associated with manual actuation of containment systems (e.g. hydrogen.

igniters) should take tnto account operator performance dunng earlier stages of an accident sequence This

analy sis should follow the same practices used in the Lesel I analysis as desenbed in Chapter 2.

The long-term performance of contamment systems should also be evaluated although the issues to be considered may

differ substantially from those listed abose. Degradation of the environment within which systems are required to
operate as an accident sequence proceeds in tune should be taken mto account.

In all cases, the assessment of failure probability for containment systems should be based on realistic performance
linuts rather than bounding (design basis or equipment qualification) critena.

Application Inipact Considerations

4 r.cd M the introducnon. the containment systems may be incorporated into the PRA model in a rather simplified

fashion. It is possible that a panicular change to a plant's CLB may affect the way a containment system performs

or is operated. The modeling of this system should. therefore. be at a les el of detail which can reflect this change in
performance or c,peration

interfaces with Other Tasks

lhe results from this task provide some of the information necessary for thc quantification of the contauunent event

trees. This task also interfaces with the system performance esaluanons performed for the Level 1 analysis

{
'
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| 3 Intemal Esent Level 2 PRA for Full Power Operaticos |

Documentation

| Documentation of containment sy stem performance assessments should include a desenption ofinformation used to

develop containment systems' analysis models and link them with other system rehability models This documentation

should be prepared in the same manner as that generated in the Les el I anal)su of other sy stems (pres iously discussed !

Chapter 21

3.1.1.3 Es aluation of sesere Accident Progressmn ;

l
i

Accident analysis codes (such as the Modular Accident Analysis Program (MAAP) (Ref. 3.1) or MELCOR (Ref. 3.2)]

provide a framework within which the evolution of events in a severe accidert can be accounted for in an integrated

fashion. Consequently. the results of these calculations typically provide a basis 'or estimating the timing of major

accident events and for characterizing a range of potential containment loads.

L...gh code calculations are a useful pan of an evaluation, of severe accident progression. their results do not form

the sole basis for characterizing challenges to containment integnty in a quality Level 2 PRA. There are several

reasons for this:

Many of the models embodied in severe accident analysis codes address highly uncenain phenomena. In each- =

case. cenain assumptions are made (either by the model developers or the code user) regarding controlling

physical processes and the appropriate formulation of models that represent them. In some instances, the

imponance of these assumptions can be tested sia parametric analysis. However, the extent to wuich the

results of any code calculation can be demonstrated to be robust in light of the numerous uncercainties

,

intohed is severely lunited by practical constraints of time and resources Therefore, the assumptions

inherent in many code models remain untested. j'

i,

None of the integral severe accident codes contain models to represent all accident phenomena ofinterest. >=

For example. models for cenain hydrodynamic phenomena such as buoyant plumes, intra-volume natural

circulation. and gas-phase stratification are not represented in most integral computer codes. Similarly,

cenain severe accident phenomena. such as dynanue fuel-coolant interactiens (i.e.. steam explosions) and

hydrogen detonations. are not represented.

It is simply impractical to perform an integral calculation for all severe accident sequences ofinterest.-

As a result. the process of esaluating severe accident progression involves a strategic blend of plant-specific code

calculations. applications of analyses performed in other prior PRAs or severe accident studies. focused engineenng

analyses of panicular issues. and experimental data. Tk * tanner in which each of these sources ofinformation are

used in a Level 2 PRA is oescribed below.

L Considerations for the Baseline PRA

|

| The following are used to determine the number of plant specific calculations that would be performed using an
' mtegral code to suppon a Level 2 PRA:

! At least one integral calculation (addressing the complete ttme domain of sesere accident progression) is.

| performed for each plant damage state. Howeser, this may not be practical dependmg on the number of plant

i
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address the dommant accident sequences o e. those with the highest contnbution to the tota: core damage

fcequenes) Calculations are also perfonu J to address sequ:nces that at: anacipated to result m relatn cl.s

high radiological releases (e.g . contamment twpass scenanon |
l

'n xdinon to the calculanons of a spe:trum of a:cident sequences d <cobed abme seseral ensmui j'

.

calculations are peribrmed to cunune the effects of ma.ior uncertamties on calculated accident behauor i or

cumpie. muiupic aiculanon> oia sutgie >equeu e,ae p fused a amen :ca: mpa pa:am ;;r:, ;r: .nc.ng; 4

to invest: gate the effects of altemauve assumpoons regardmg the ttmmg of crochasu es ents tsuch as operawi ,

actions to restore water injection) or the models used to represent uncertain phenomena (tuch as the size of

the opening in containment following os erpressure failure). These calculations proude information that is
'

.ssential to the quanotative charactenzation of uncertainty in the Lesel 2 probabilistic logic models (refer to

the discussion oflogic model development and assignment of probabihties below).

Table 3.1 lists phs :...nens that can occur durtng a core meltdowi a.:c. dent and imolve considerable uncenainty. This

list was based on inforn stion in NUREG-1265 (Ref. 3.3). NUREG/CR-4551 (Ref 3 4) and other studies. It is j

recognized that considerable dis:greement persists within the technical community regardmg the magnitude (and m i

some cases. the specJic source) of uncertainty in several of the phenomena listed in Table 3.1. A major objective of j
!

the panels assembled as part of the research program that culmmated in NUREG-1150 (Ref 3.5) was to translate the

range ofm:hnical optnions within the sesere accident research commumty into a quantitative measure of uncertainty

on specific techrucalissues. In a Lesel 2 PRA. the results of this effon are used as guidance for defunng the range of j

salues of uncertain modeling parameters to be used in the sensitivity calculations described abosc.

|
-

Table 3.1 Sesere accident phenomena

Phenor.aena Characteristicsof accident phenomena

H drogen generation and . Enhanced st am generation from melt debns relocation
3

combustion . Steam starvr. tion caused by degraded fuel assemb;) tiow blockage

. Clad balloonme

. Recoserv of coolant mjection s. stems

. Steam hydrogen distnbution withm contamment

De-mertmg due to steam condensation or spray operation-

Nstural circulation tion pattems withm the reactor vessel upper plenum. hot legs. andinduced failure of the reactor a

coolant ssstem pressure steam generators

Creep rupture of hot leg nozzles. pressunzer surge hne, and steam generator U-tubesboundarv .

Debns spreadmg depth on the containment floorDebns bed coolabihtv and aore- .

Crust formation at debns bed surface and effects on heat transferconcrete mteractions .

Debns fragmentation and cooling upon contact with water pools.

Steam generation and debns oudation.

Potential for dsnamic loads to boundmg structuresFuel coolant mteractions .

Hvdrogen generation dunng melt-coolant interacuon.
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Table 3.1 Severe accident phenomena

Characterhtics of accident phenomena
Phenomena

Men debns itste and comroutin,. ni the low er head fMek debn. c eetion tbuouing .

I
' * .!: :ll . - ' .a ; A.;4e;ui . i s;l ' .. ;; *

!*

* DOM;3 da,;wr.cf and h; * "m:b tM!w i'; h:;:h-prenur; md ce;Wu
# #

!

Shell meh through failure in . Melt spreading dynamics

Mark I containments . EfTects of water

. Shru heat transfer and failure mechanism

A funda.nental design objective of the integral severe accident analysis codes used to suppon a Level 2 PRA

(e.g., MAAP. MELCOR) is that they be fast running. Efficient code operation is necessary to allow sensitisity
calculations to be performed within a reasonably shon time and with minimal resources. One consequence of this

objective. howeser. is that many complex phenomena are modeled in a relatis ely simple manner or, in some cases. are

not represented at alt Therefore. a Lesel 2 PRA addresses the inherent limitations ofintegral code calculations in nvo
respects First. the importance of phenomena not represented by the integral codes are evalumed by some other means

(i e.. eithu applicaticn of specialized computational models er by comparison with expenmental investigations)
Secondly. the effects of modeling simp *tfications are examined by comparisons with mecharustic code calculations.

In summan, evaluating severe accident progression imoh es a complex process of plant-specific sensitivity studies

using integral codes. mechanistic code caleilation.s. use of pnor calculations. experimental data and expert judgement

Examples of this process are given for each of the phenomena in Table 3.1 in the following sections.|

Hydrogen Generanon and Combustion

Hydrogen phenomena was identified in the NUREG-1150 study as an area where considerable uncenatnty existed and.

.

hence. issues associat-d mth hydrogen phenomena were addressed by NUREG-1150 panels. Since these expen panels

explicitly considered the uncertainties associated with key phenomena and accounting for uncenainties in the imtialI

and boundary conditions, developed distnbutions that charactenzed these uncertainties, the information from these

panels provides a convenient and important framework for assessing uncertainties for this application.i

The uncertamtv in the amount of hydrogen produced during the in-vessel phase of a severe core damage accident was

addressed in the NUREG-II5O study by the In-Vessel Panel. Results from this panel are prosided in
NUREG/CR-1551. Volume 2. Pan 1. for both PWRs and BWRs. In that report. distnbutions are prosided for the

j

percentage ofin-vessel zirconium that is oxidized.I

Clearly. as evident by the NUREG-1150 distnbutiens. there is considerable uncertainty in the amount of zirconium

oxidized in vessel and the use of a single number (foi example from a MELCOR or MAAP code calculation) is not

adequate. While these codes can all predict the amount of hydrogen produced during an accident. the amounts that

they predict often vary since they model the phenomena differenti). Similarly a series of sensitisity evaluations with

a single code is usually not sufficient to assess the uncertainties since typically a single code will not include all of the;
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charactenze the uncertamts m the amount of hydrogen generated dunng the in-sessel phase of the accident

Uncertainties in the impact of hydrogen combustion phenomena on the contamment were addressed m the
NUREG-ll50 study by the Contabment Loads Expen Panel For PWRs. hydrogen combustion is a more sigmficant
cone:rn m the sma!!:r sch m: i:: ccnd:ns:r containm:nts then it is in the large sclum: containm:nts. Fer BWRs.

h3drogen combustion is rgi: ally only a con:crn for plants with Mark 111 containments since both th: Mark i and
h il conmuunems are inened danng normai opeiooun ano pa>i P4w nas e suo>idacd du> medivu scuai .u~,.

,

/ most accident condmons. Hence. the Containment Loads Panel assessed the combustion phenomena at the Orand Ouu

plant (BWR. Mark III) and the Sequoyah plant (PWR, Ice Condenser) Information regarding the incorporation of
this information into the NUREG-1150 PRAs are prosided in NUREG'CR4551. Volume 5 (Ref 3.6) for the

Sequoyah plant analysis and m NUREG/CR4551. Vol 6 (Ref 3.7) for the Grand Gulf plant analy sis.

Smce mformanon relesant to hydrogen combustion tends to be specific to the plant and the accident sequences being

analyzed. relesant determmistic calculations are used to proside guidance when determining the amount of steam in

the contamment atmosphere and for determming the distnbution of gases in the s anous ::mpartmenu Considenng

these characteristics. the concentrations of hydrogen. oxy gen. and steam are determined for each containment solume

where combuscon is a concem. These concentracons are then used to detennine whether a combustible mixture exists

Of pamcular concem are local areas where by drogen can accumulate and thereby form a nuxture that can potentially

detonate. For compartmentalized contamments. such as ice condenser containments. there can be considerable

uncenainty in these concentrations for the vanous compartments necessitating the development of uncertaintv

distributions A discussion of these uncenamties for an ice condenser containment can be found in Section 5.2 of
NUREGCR4551. Vol. 2. Pan 2. Ret 1. The calculation of the total concentration of hydrogen in contamment takes

mto account both the hydrogen produced in sessel and ex sessel (through the core-concrete interaction) in cases where

the containment does not fail at vessel breach

Combusuble nuxtures that form in the containment can be ignited from a number of sources including igruters. AC

powered eqwpment. and hot surfaces. For situauons where there are no identifiable ignition sources such as dunng

a stanon blackout. it is sull possible for a combustible mixture of hydrogen to ignite since igninon requires very little

energs he igninon of bydrogen under this last condition was addressed in NUREG-1150 by the Containment Loads

Panel Results from this panel are prosided in Secuon 5.1 for the Grand Gulf plant (BWR. Mark 110 and Section 5.2

for the Sequoyah plant (PWR Ice Condenser) NUREG.'CR4551. Vol. 2. Pan 2. He panel provided distnbutions
that charactenzed the uncertamt) m the ignition frequency for situations where AC power is not available in the

containment.

Quasi-stanc loads from hydrogen combustion esents were assessed in the NUREG-1150 study by the Containment

Loads panel for both the Grand Gulf and the Sequoyah plants. Generally the experts based the peak overpressures

nn rM adiabatic isochone complete combustion taodel and then corrected the pressures to account for burn
completeness. heat transfer and expansion into non-panicipatmg companments. For the PWR plant. the experts felt

that the uncertamry in the peak overpressure was small compared to the uncertainties in the hydrogen concentration

'Here combusnon refers to combustion in the containment. However. following failure of the containment. combusnon

of hydrogen in the reactor buildmgs surrounding Mark I and Mark II contautments can also be a concern. Combusnon

in the reactor buildmg surrounding a Mark I plant was addressed by the Contamment Loads Expen Panel and is

discussed in Section 5.3 of NUREG'CR4551. Vol 2. Ret 1. Part 2.

I
'
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was prouded instead of a probability distnbunon. These estimates are provided m Section 5.2 m NUREG CR4551.

Vol. 2. Pan 2. Ret 1. For the BWR plant the uncertaints in the peak oserpressure was dnven by the uncertainty in

the burn completeness (although it was also acknowledged by these experts that the uncertaintv in the ignition j

frequency is a key uncerta:ntv associated with the hydrogen combustion phenomena) and. hence probabihty

distnbunons were descloped The dismbuuons deseloped by this panel are prouded in Secuon 5.1 of |
|

NUREG CR4.% Mum 2. Pst ?
I
l

Smcc the pubhcanon of NUREG-1150. some addauonal research has been conducted on combustion of hy drogen-air- |
!steara mixtures in condensing environments (Ref. 3.8). In these expenments. ignition was provided by thermal

igniters. These experimental results prcivide relevant information that was not available during the NUREG-1150 !

study and may be referenced wheri sssessing the peak pressure in a rapidly condensing environment with igniters |

as ailable.
1

H"- gen detonanons in the Grand Gulf and Sequoyah conumments were also addressed by the Containment Loads
Panel and are discussed in Secticas 5.1 and 5.2 of NUREG CR4551. Vol 2. Pan 2. Ret 1. respectnely. The panel

assessed the frequency of a deflagration to detonation transinon (DDT) The DDT frequency was analyzed considenng
different locations within the containment and different concentrations of hydrogen within each location. Die

probabibty distnbutions that characterize the uncertamty in the DDT frequum) are broad for both the BWR .ad the

PWR plants. Gisen that a detonsoon occurs, the expert panel also assessed the resulting peak impulse. The geome:ry

in the area where the igmtion occurs is a key uncertaintv that affects the likelthood that a DDT will occur. Similarly.
the mteracnon between the detonation wave and structurcs is a key uncertainty that affects the peak impulse.

Induced Failure ofthe Reactor Coolant .Kvstem tRCS) Pressure Boundary

The possibility of a temperature-induced rupture of the steam generator (SG) tubes is affected by several factors

includmg the thermal hydraulic conditions at vanous locanons in the pnmary system. which determine the temperatures

(and the nme at those temperatures) and the pressures to which the SG tubes are subjected as the accident progresses.

Other relevant factors include the effective temperature required for creep rupture failure of the SG tube. and the j
presence of pre-existmg defects in the SG tubes which increase the likelihood of rupture.

I

In NUREG-1150. this issue was treated in the expert clicitauon process. All experts agreed that hot leg failure.

includmg failure of the surge lme. was much more likely to occur before a rupture of a steam generator tube. Two

expens felt that pre-existing defects in the SG tubes could lead to a higher prcbability of SG tube rupture (SGTR).

The third expert felt that due to the long time lag between temperatures in the hot leg and the SG tubes. the frequency

of temperature-induced SGTR was so small that it could be expressed as a (small) constant value regardless oipee-

existine defects. 1~

A .on6ac. al probabihty distnbution of temperature induced SGTR was developed in NUREG-1150 by aggregating

the individual distnbutions provided by three igens. A discussion of the phenomenon and the assignment of the

conditional probability distnbution of temperature-indaced SGTR is contained in NUREG/CR4551. Vol. 2. Etis
distribution was applied tn the accident propessicn esent trees deseloped for the Zion and for the Suny plants in
NUREG-1150. The Zion and Surry reports [NUREG/CR4551. Vol. 7 (Ref. 3.9) and NUREGICR4551. Vol. 3
(Ref. 3.10) respectiselyl can be consulted for information related to how the conditional probability distribunon of

temperature-induced SGTR should be apphed to obtain the soht fractions for the containment event tree for this issue.
i
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Debris coolability is an important issue because if the debns is brought to a coolable geometry. the only source for
|

containment pressunzation will be the generation of steam from boiloff of the oserlying water. This is a slow process

and. in the absence of containment heat removal. would result in very late containment failure allowing ample time

for remedial actions Funbermore. a coolable debns geometn would limit basemat pencrretien

in udanion. ifa suvkn delau,licJ ;. Tomied in ' ie wi,. u pedaial and mneup uater i> suminuou>i .suppliW menJ 3

interactions between the core debns and concrete with be mmimized and release of radinactive matenal from this

source would be avoided-

If CCI does occur (i c.. the debris bed is not coolable). experimental results indicate that the presence or absence of

an os erlying water pool does not have much effect on the downward progression of the melt front.

The mechanisms St govern debris coolability are conduction heu rcasfer. shrinkage cracking. gas sparging and melt

eruption. and crust failure under the weight of the water. Experimental research Ref. 3.'l1) has been carried out to

tnvestigate this issue. 'Ihese tests include the SWISS-1 (Ref. 3.12) and -2. FRAG-? m 3 -4. (Ref. 3.13) WETCGR-1.

(Ref. 3.14) and MACE (Ref. 3.15) series of tests. This experimerital information would be considered in a qualin

PRA when developing distributions for the likelihood of forming a coolable debris bed for a panicular plant
con 5gurauon. The apen panel convened for NUREG-1150 spectfically for molten core-concrete interaction issues |
is an example of how major input parameters for this issue are quantified. !

Fuel-CoolantInteractions

For an accident leading to a severely damaged core. the probability of an in-vessel steam explosion causing early
containment failure was assumed in WASH-1400 to be between 0.1 and 0.01. In 1985. the first Steam Explosion

Review Group (SERG-1) workshop was held to systematically evaluate the alpha-mode failure issue. The expens who )
panicipated in that work" 7 reviewed the then current understandmg of the potential for containment failure from I

in-vessel steam explosior. reached a nearly unanimous opinion that the probability of alpha mode failure is less j
then that used in WASH-140a NRC-sponsored research carned out since 1985 has played a major role in developing

ai understandmg of the key physical processes mvolved in energetic fuel coolant interactions (FCis). l

in June 1995, the second SERG (SERG-2) workshop was held to revisit the alpha-mode failure issue, and to evaluate |
the current understanding of other FCI issues that could potentially contnbute to risk. such as shock loading of the !

lower head and ex-vessel suppon structures. He estimates of failure probability expressed by SERG-2 expens were

generally an order of magnitude lower than the SERG-1 estimates. I
l

Melt Debris Esection Following Reactor Vessel Fmlure j
i

in certain severc accidents the failure of the reactor pressure sessel (RPV) can occur while the RCS is at elevated j

pr.ssure. In these accidents the expulsion of the molten core debris and blow down of the RCS could iead to a very i

rapid and efficient heat transfer to the contairener.t atmosphere. possibly accompanied by oxidation reactions and

hydrogen combustion that funher enhances the energy transfer. Rese processes. which lead to containment !

pressurization. are collectively referred to as direct containment heating (DCH). Overpressunzation resulting from !
DCH is a signific. ant containment challenge that can lead to early contamment failure.
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pubbshed in NUREG CR-6075 (Ref 316) and its supplement. NUREG CR-6338 (Ref. 3 17) used the methodology

and scenanos desenbed in NUREG CR-6075 to address the DCH issue for all Westmghouse plants with large s olume

contamments. includmg 34 plants with large dry containments and ses en plants with subatmospheric containments.

DCH loads versus strength es aluation were performed in a consistent manr.er for all plants The phenomenelopeal

modchne was closely tied to the mperimental database. "! ant-specific analyses were performed. but sequence

uncertamues were emeloped by a small number of spimter scenanos uithout assignment of probabilitics fhe resuus

of screcrung calcuiauons reponed m NijREGCR-6338 indicate that oni> one piant showed a conditional contammem

failure probabihty (CCFP) based on the mean fragility curves greater than 0.00L The CCFP for this one plant was
found to be less than 0.01. These results can, therefore. be used for Les el 2 PRAs for Westinghouse plants with large

volume containments. For BWRs and other PWR plants. the methodology reported in NUREG/CR-6338 for
performing load' strength evaluations usmg the plant-specific input to the two-cell equilibnum model or appropriate

containment analysis codes. can be used to provide a PRA-integrated perspective on this issue. For plants with ice

condenser contamments, it is beimed that the ice chamber in the phnt can. to a certain extent. trap dispersing core

debns. and provide cochng to moderate the effect of DCH.

ShellMelt-th ough Fadure m Mark | Containments

To address the shell melt issue in NUREG-1150. a panel ofexperts was comened to provide input as to the probability

ofshell melt for fne scenanos: (1) low and medium flow with water. (2) low and medium flow withcut water. (3) high

flow with water. (4) high flow without water and two of three parameters (pressure fraction of metal. and superheat)

high. and (5) high flow without water and two of three parameters (pressure. fraction of metal. and superheat) low.

The individual elicitations were then aseraged and presenteri in Table 6-1 of NUREG/CR-4551. Volume 2. Part 2.

In a more recent report. Theofanous et al. published a probabilistic methodology in NUREG'CR-6025 (Ref 3.18) as

an os erall sy stematic approach for addressing the Mark i shell melt-through issue.

The above approaches are examples of generating probabilistic information on shell melt-through. A Level 2 PRA

would imestigate plant-specific design features, including pedestal door anngement (and relative alignment of
downccmers). drywell floor area and sump volumes. and in particular,'the amount of fuel in the reactor and the -

downcomer entrance i eight above the drywell floor. The downcomer entrance height affects not only the amount of

water attainable on the floor. but more importantly if the amount of fuelis sufficient that melt can run directly into

the downcomer. liner failure is sittually assured. The probabilities of shell melt-through should apply to a steel lined

reinforced concrete containment. however. if sufficient technical basis is provided. the effective failure size in the

cor:tainment structure mas be adjusted accordmgly (though there should be no credit given for "self-healmg" of the
containment bout

Application Impact Considerations -

A change m a plant's CLB can affect the way a plant system performs or operates. If the plant system (s) in question

could have an influence on the accident progression. then the accident progression analysis should account for the

change in the systems' performance or operation. For example. a degraded power supply to hydrogen igniters could

influence the likelihood and ses erity of a by drogen combustion event in the containment. or the remosal of a backup

water supply could reduce the chances for aduenng debns bed cociabihts and increase the possibility of core concrete

interaction. An operational example would be a change in procedures related to the restart of the reactor coolant
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i

pumps unoer aegraced core conaiuons wiuen couia nuluence tne ukennoou os an nuuceu iauure m ine riu pienaw

boundar . ,

Interfaces with Other Tasks

T1u> tisk proude> the bulk of the mformation for quantif,ung ik enni.iinment esent trea The conditions produced
.

b,E the snrinns sescre accident phenomena should also be considered for the assessment of the performarc of
ccmamment systems.

,

Documentation

Documentation of analyses of sesere accident progression should include the follouing- |

a description of plant-specific accident simulatinn models (e.g.. MAAP or MELCOR) including extensite !
-

references to source documentation for input data.
i

a listing of all computer code calculations perfonned and used as a basis for quantifying any event in the> +

containment probabilistic logic model including n unique calculation identifier or name. a descrip;ic,n of key
modelmg assumptions or input data used. and a reference to documentation of calculated results. (Ifinput

-

,-
and/or output data are archived for quality assurance records or other purposes. an appropriate reference to

calculation archise records is also provided.). ,

:

a description of key modeling assumpnons selected as the basis for performing " base case" or "best-estimate"
t

) ' +

calculations of plant response and a desenption of the technical bases for these assumptions.
,

a desenpoon of plant-specific calculations performed to examine the effects of alternate modeling approaches
i

-

or assumptions.

if analy ses of a surrogate (i.e.. 'similar') plant are used as a basis for characterizing any aspect of severe.

accident progression in the plant being analyzad. references to, or copies of documentation of the. original

analy sis, and a description of the technical basis for assuring the applicability of results, and

for all other onginal engineering calculations. a sufficiently complete description of the analysis method.+

assumptions and calculated results is prepared to accommodate an independent (peer) resiew.
!

3.1.2 Establishing Containment Performance Limits |

1 ne oo; ctive of this element of a Level 2 PRA is to determine the loading limits (or capacity) that the containment

can withstand given the range and magnitude of the potential challenges. These challen; es take many forms, including

internal pressure rises (that occur over a sufficiently long time frame that they can be considered " static" in terms of

"e structural response of the containment). high temperatures. thermo-meciumical erosion of concrete suuctures. and
under some circumstances. localized d>Tiarnic loads such as shock wases and intemally generated miniles. Realistic !

estimates for the capacity of the containment structure to withstand these challenges are generated to provide a i

benchmark against which the likelihood of containment failure can be estimated. |
|

l
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m a Lesei 2 PRA. the attnoutes of tne anai>ses necessan to enarreterue conta.nment penormance iimus are consistent

with those of the containment load analyses against which they will be compared
i

They focus on plant-specfic contamment performan:e o c.. apph: anon of reference plant anal)ses is generally.

|
^

madequate)
|

They consider design details of the containment structure such as:.

- contamment type (free-standmg steel shell: concrete-backed steel shell; pre-stressed. post-tensioned.

or rein %rced concrete)
,

the full range of penetration sizes. types, and their distnbution (equipment and personnel hatches.! -

pipmg penetrations. electrical penetration assemblies. ventilation penetrations)
- penetration seal configuration and materials
- aisconnnuities in the containment structure (shape transitions. wall anchorage to flocrs. changes in

steel shell or concrete retnforcement).

They consider mteractions between the containment structure and neighbonng structures (the reactor sessel.

and pedestal. auxilian building (s). and internal walls)
.

;

| 3.1.2.1 Considerations for the Baseline PRA
|

A thorough assessment of containment performance generally begins with a structured process ofidentifying potential
|

contamment failure modes O e.. mechanisms by which integrits might be violated) This assessment commonly beginsl

by reviewing a list of failure modes identified in PRAs for other plants to determine their applicability to the current

design Such a list was mcorponted in the NRC's guidance for performmg an mdividual plant examination (IPE)

(Ref. 3.19). This review is then suppiemented by a systematic examination of plant-specific design features and

emergexy operating procedures to ascertain whether additional unique failure modes are conceivable. For each
I plausible failure mode containment performance analyses are performed using salidated structural response models.

as w ell as plant-specific data for structural materials and their properties.

For many containment designs. oserpressure has been found to be a dominant failure mechanism. In a quality Level 2

PRA. the esaluation of ulttmate pressure capacity is performed using a plant-specific. fuute-element model of the

contamment pressure boundarv includmg sufficient detail to represent major discontmulties such as those listed above.

The influence of nme-varymg containment atmosphere temperatures is taken into account by performing the calculation

for a reasonable range ofinternal temperatures. To the extent that internal temperatures are anticipated to be elevated

! for long periods of time (e g.. dunng the period of aggressive core-concrete interactions). thermal growth and creep

rupture of steel contamment structures is taken into account.

!

| Tine charactenzanon of containment performance limits is not simply a matter of deftning a threshold load at which

| the structure " fails." A Level 2 PRA attempts to distinguish between structural damage that results in "catastrophi:

|- failure" of the contamment trom damage that results in significant leakage to tne environment. Leakage is often2

characterized by a smaller opening (i e. one that may not preclude subsequent increases in contatnment pressure).

:Significant leakage is defmed relative to the design basis leakage for the plant. Leakage rates greater than 100 ttmes

the desien basis hase been found nsk sienificant in past studies

Draft. NUREG-1602 3-14
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Tailure to isoiate the contaisuncia is also son 3:ocicu n i3 wr,s impoitani io a3>c33 uunt dw sovation una sw on ow

containment failun because of the imphcations for the source term calculation. e g., gn en the same inn essel and ex-
sessel releases inside contamment, a rupture in the dnwell of a Mark 11 containment will result in higher releases to

the environment than a leak in the werwell.

r.0:
Current models for th ::spons of compl:s structures to cu ~simpi:" loads (such as int: mal cr:ssur:: at:
sufhemh reast te aHon simuhanenm nrediccon of a failure threshold and resulting failure si7e This is particularly
uue foi suuvuu > ,.umpo W oinan-homogeneeu3 mawnsi.e unh ingh;y non hnear m chamcai propernes >ucii m
remforced concrete. As a result. calculanons to establish performance limits are sunclemenad with mforrnation from
experimental observations of containment failure characteristics and expert judgment. Examples of this process can
be found in NUREG-1150.

Failure location and size by dmamic pressure loads and internally generated missiles should also be probabilistically
exanuned The struerural response panel for NUREG-1150 assessed the size and location of the containment breach
by dpamic press;.:; loads for Grand Gulf (reinforced concrete) aad Sequoph (free str.nding steel). Both leaks and
rupnires were predicted to occur in the containment response to detonat:ons at Grand Gulf and ruptures were predicted
to occur at Sequoyah. Alpha mod: failure (for all NUREG-1150 plants) and steel shell melt-through of a containment
wall by direct contact ofcore debris (for Peach Bottom and Sequoyah) were treated as rupture failures of containment
m NUREG-115a

Basemat melt-through is generally treated as a leak in rnost Level 2 PRAs because f the protracted times invohed
as well as the predicted radionuclide retention m the soil. If a bypass of containment. such as an interfacing system:
LOCA. is predicted to occur then its effectne size and location (e.g., probability that the break is submerged in water)
are also estimated in order to perform the source term calculations.

3.1.2.2 Application impact Considerations

A change in the plant's CLB could impact the limits of containment performance. The containment structural
capabilitt or the reliability of containment isolation could be affected by changes in equipment or inspection levels.

-

et:. If tlus is a considerauort the anahsis of the containment performance lunits should be detailed enough to account
For instance. if a change in the CLB could affect the containn ent isolation system, this systemfor such an unpact

should be modeled in sufficient detail to reflect this change,

3.1.2.3 Interfaces with Other Tasks

he contamtnent performance limits established by this task form a crucial input to the proba'vilistic assessment of the
containment performance and the ability of the containment to withstand the challenges from :,evere accidents.

3.1.2.4 Documentation

in general sufficient information in the documentation of analyses perfcemed to establish quantitative containmem
performance imuts is provided that allows an mdependent analyst to reproduce the results. At a minunum, the
following information is documented for a PRA:

a general desenption of the containment structure 'ncludmg illustrative figures to mdicate the general-

configuration. penetration types and location and major construction materials.

Draft. NUREG 1602 3-!?
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a 6 r.,n.x ef 3.c medeh; ppicach aed i. .ua;; ci a. rube Je&c con imuca ERc crm.a.-

if computer models are used (e g.. finite element analysis to estabhsh oserpressure failure critena). a+

description of the way in which the containment structure is nodalized includmg a specific discussion of how

local discontinuities, such as penetrations. are addrcssed. and

11 expenmentap detennined latlure data are used, a sutticiently detailed cesenption of the expenm.:ntal*

conditicas to ocmcnstratc applicabilir. of rcsults to plant-spccific containment structurcs.

3.1.3 Probabilistic Modeling of Containment Performance

3

The way in which uncertainties are represented in the characterization of containment performance is an important
consideration in a Level 2 V A. In panicular, explicit and quantitative recognition should be given to uncertainties

in the individual proct.xs and parameters Sat influence sese.. accident behavior and attendant containment
performance. These uncensinties are then quanntatisely integratcd by means of a probabilistic logic structure that

allows the conditional probability of containment failure to be quantitatively esttmated, as well as the uncertainty in

the containment failure probability.

Tuo elements of such an assessment are described below. First. the characteristics of-the logic structure used to

organize the vanous contributcrs to uncertamtv are described. However. the major distinguishing element of an

approach to charactenzing contamment performance is the assignment and propagation of uncertainty distributions

for major events m the logic model. The key phrase here is uncertamty distnbunons (i.e . point estimates of probability

are not unisersally applied to the logic model). Charactenstics of these distributions and the manner in which they

are used in a typical logic model are described later in this section.

3.1.3.1 Considerations for the Baseline PRA

The primary function of a " containment event tree." or any other probabilistic rnodel evaluating containment

performance, is to provide a structured framework for organizing and ranking the alternative accident progressions that

may esohe from a gis en core damage sequence or a plant damage state. In des eloping this framework. whether it be

in the fann of an event tree. fault tree or other logic structure. several elements are necessary to allow a comprehensive

assessment of contairu..ent performance:
.

Explicit recogmtion of the imponant time phases of ses ere accident progression. Different phenomena may-

control the nature and intensity of challenges to containment integnty and the release and transpon of

radionuclides as an accident proceeds in time. The following time frames are of particular interest to a

Level 2 ana;ysis;

- After the initiating event. but before the onset of core damage. This time penod establishes
important iniual conditions for containment response after core damage begins.

I

I'Uncertamties in the esumation of radionuclide source terms are also represented in a Level 2 PRA: however, this topic
|is discussed in Section 3.2.

Draft. NUREG-1602 3-16
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After the cure aamage oegins. our prior tujailure vj rne reactor venei tower itead. 'l ms penoa-

is charactenzed by core damage and radionuclide release (from fuel) while core material is confmed

within the reactor sessel.

- /mmediatelv fouowing reactor vesselfailure. Prior analy sis of containment performance suggests

that many of Liuimportant challenges to coniumment mtegnty ocem unnedmteh following tem"
.:tsc! fi!ure These chal!enges m,3 he chon Ik ed. but often occur oni as a direct consequence of

die icicase ofmoiien core matends Ikom the rc:::c ',essd unmediatch following lower nead tai: .re

- Long-term accident behavior. Some accident sequences evolve rather slowly and generate
relanvely benign loads to containment stmetures early in the accident progression. However. in the
absence of some mechanism by which energy generated within the containment can be safely rejected

to the emironment. these loads may steadily increase to the point of failure in the long term.

When linked end-to-end. these time frames constitute ?c outline for most probabilistic containment

performance models. Within each time frame. uncertamties in the occurrence or intensity of governing
phenomena are systematically esaluated.

Consistenev in the treatment of sesere accident events from one time frame to another. Many phenomena may-

occur during several different time frames of a severe accident. Howeser..certain linutations apply to the

composite (integral) contribution of some phenomena oser the entire accident sequence and these are

represented in the formulation of a probabilistic model.

A good example is hydrogen combustion in a PWR containment. Hydrogen generated during core
degradanon can be released to the contamment oser several time penods. However, an important contribution
to the uncertainty in containment loads generated by a combustion event is the total mass of hydrogen

tmohed m a pamcular combusnon event. One possibility is that hydrogen released to the containment oser

the entire maessel core damage penod accumulates without being burned (perhaps) as a result of the absence

of a sufficiently strong ignition source. Molten core debris released to the reactor casity at sessel breach

could represent a strong ignition source. which w ould initiate a large burn (assuming the cavity atmosphere
is not steam inen). Because of the mass of hydrogen imolved, this combustion event might challenge

containment integnty. Another possibility is that while the same total amount of hydrogen is bemg released

to the containment dunn'g in-sessel core degracation, a sufficiently strong ignition source exists to cause

several small bums to occur prior to vessel breach. In this case. the mass of hydrogen remaining in the
containment atmosphere at vessel breach would be sery small in comparison to the first case. and the

likelihood of a significant challenge to containment integnty at that time should be correspondingly lower.

Ther-fore. the logic for evaluating the probability of containment failure associated with a large combustion

. vent occurnng at the ume of wssel breach is able to distmguish these two cases and preclude the possibility

of a large combustion esent if hydrogen was consumed during an earlier time frame.

Recognition of the interdependences of phenomena Most severe accident r,. am:na and associated events
-

regture cenam uunal or boundary conditions to be relevant For example. . steam explosion ca:. only occur
tf molten core debns comes in c mtact with a pool of water. Therefore, it may not be meaningful to censider

ex-vessel steam explosions d'armg accident scenanos in whieb the drywell floor (BWR) or reactor casits

(PWR) is dry at the time of vend Mach. Logic models for evaluatmg containment performance capture
these and many other such interdepei.dencies among severe accident events and phenomena. Explict:
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a panicular accident sequence (or PDS) and a specific containment failure mode.

There are many approaches to transforming the techriical infom ation concerning containment loads and performance
lunits to an estimate of failure probability, but threc approaches appear to dominate the htcrature. In the firrt (least

ngorous) approa h. quahtatis e terms expressing vanous degrees cf uncertaintv are translated into quantitative (point
or unitisci ' are assigned numerical salues (such as n Vestmute; probabilmes. ror example, tenns such as (thet> 3

and 0.l). Supcristncs. such as "scr)" !ikc!y or "high 3" unlikc|3. crc den used to suggest d grecs ofcordidence that

a paracular esent outcome is appropnate. The subjectivity associated with this method is controlled to some extent

by developmg ngorous artnbutes for the amount and quality ofinformation necessary tojustify progressively higher
confidence levels (i.e.. probabilities approaching 1.0 or 0.0). Nonetheless. this method is not . considered an

appropnate techruque for assigning probabilities to represent the state of knowledge uncertainties' in a PRA. A2nong

its weaknesses. this approach simply produces a pomt estimate of probabili.y and is not a rigorous technique for

developing probuiity distributions.

The second technique invohes comolution of paired probability density functions. In this technique, probability
densm functions are developed to represent the distnbution of credible values for a paracter ofinterest (e.g..
contamment pressure load) and for its corresponding failurc crite: ion (e g.. ultimate pressure capacitv). This method

is more ngorous than the one described abos e in the sense that it expheitly represents the-uncenainty ia cach quantity

in the probabihsuc model The basis for deseloping these distnbunons is the collective set ofinformation generated

from plant-specific integral code calculations. corresponding sensitivity calculations. other relevant mechanistic
calculanons. expenmental observacons and expert judgment. The conditional probabihty of containment failure (for

a gisen accident sequence) is then calculated as the convolution of the two density functions. While this techmque

presides an expbcit treatment of uncertainty at intermediate stages of the analysis. it still ultimately generates a point

| estimate for the probability of containment failure caused by a particular mechanism. The contnbutions to (and

I magrutude of; uncertainty in the fmal (total) containment failure probability is discarded in the process.

1
l The third technique involves adding an additional feature to the technique described abose. That is. the probability

densm functions representing uncertamtv in each tenn of the containment performance logic model are propagated

throughout the ennre model to allow calculation of statistical attributes such as importance measures. One means for

accomplishing this objective is the application of Monte Carlo sampling techniques (such as Latin Hypercube
~

sampling) The application of this technique to Les el 2 PRA logic models. pioneered in NUREG-1150, accommodat:s

a large number of uncertain vanables. Other techniques have been developed for specialized applications. such as the

direct propagation of uncettainty technique developed to assess the probability of containment failure as a result of

direct containment heanng in a large dry PWR (Ref. 3.16). However. these other techniques are constrained to a small

number of sanables and are not currently capable of applications invoh1ng the potentially large number of uncertaini-

vanables addressed m a quality Lesel 2 PRA.

t

( 3.1.3.2 Application impact Considerations
|

A change in a plant's CLB could aTect the likelihood with which certain containment failures occur and the
t.ncertamties associated with these failures. If this is the case. the probabilistic containment model should be detailed

enough to account for the effects of such changes.
-

1

| 'Such uncertamties tend to dominate a Lesel 2 PRA. rather than uncenamt> associated with random behavior.

| Draft. NUREG-1602 3-18
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3.1.3.3 Interface,6*hh Otlier T4A>

This task integrates many of the results produced from the other tasks discussed For instance. the containment

performance linuts established under the preuous task proude many of the anchor points for the probabilin
'

distnbutions used in this task

3 hu Dncomenorinn

The following documentation is generated to proude the results and describe the process by which the conditional
probability of contamment failure is calculated:

tabulated conditional probabilities of various containment failure modes with specific characterizations of-

time phases of sesere accident progressions (e.g., early vs. late containment failtires).

a listing r.nd description of the structure of the oscia:1 !ogic model used to assemble the probabilistic-

representation of containment performance (graphical displays of events trees. fault trees or other logic
formats are provided to illustrate the logic hierarchy and esent dependencies).

a desenption of the technical basis (with complete references to documentation of original engineering-

analyses) for the assignment of all probabilities or probability distribution,s with the logic structure.

a desenpuon of the ranonale used to assign probability s alues to phenomena or events inmiving subjective.-

expert ;udgment. and
.

a desenprion of the computer program used to exercise the logic model and calculate fmal results-

3.2 Radionuclide Release Characterization

The second. albeit equally imponant. product of a Lesel 2 PRA is a quanntatise ci aracterization of radiological release

to the environment resUtng fwi cach accident sequence that contnbutes to the total CDF. In many Level 2 anal ses.3

this informanen is usal solet y a semi-quantitative scale to rank the relative severity of accident sequences. In such

circumstances. a rigorous s antitante evaluation of radionuclide release transpon. and deposition may not be
necessary. Rather. order.of-magnitude estimates of the release for a few imponant radionuclide species proside a
sausfactory scale for rankmg accident seventy. In a Ime! 2 PRA. however. the characterization of radionuclide release

to the environment provides sufficient mformation to completely defme the " source term" for use in a Level 3 PRA

to calculate offsite consequences. Funher. the level of ngor required of the evaluation of radionuclide release.

transport, and depos tion directly parallels that used to evalua:e containment performance. That is.

Source term analyses (deterministic computer code calculations) reflect plant-specific features of system
-

design and operation in panicular. plant-specific characteristics. such as quannty of fuel. control rod

materir.l. and tnsorc support structure composition and spatial distribution; configura: ion and deposition

areas of pnmary coolant system and contamment structures; reactor casity (or drywell floor) configuration
and concrete composition; and the topciogy of transpon pathways from the fuel and/or core debns to the
ensironment are faithfully represented in the models .ised to calculate radionuclide source terms.
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a - QL:alaicn> of radiendde telease. transper, and depasmen represem acquence.spednc sc.c.cee,c.;'.u

primary coolant system and contamment charactenstics. For example. reactor vessel pressure during in-s essel
,

'

core melt progression and the operation (or failure) of containment mitigation systems such as distributed

' sprays are represented in a manner that allows for their effects on radionuclide release and/or transport to bc

| directly accounted for Radionuclide release calcu|anons also need to take into account scrubbing of the i
~

release by passive sy stems. such as otr.rlying pools e w ater in the reactor casity or the suppression pool inr
,

B W Ks. .
,

Uncertances m the processes goveming radionuchde release. transport and deposinon are quantified. In the+

same way uncertainties in the phenomena gowrning severe accident progression are quantified to characterize
,

uncertainty in the probability of containment failure (desenbed abosel uncertainties related to radionuclide :

behavior under severe accident conditions are quantified to charactenze uncertainty in the radionuclide source

term associated with individual accident sequences.

. The specific manner in which radionuclide source terms are characterized in a Level 2 analysis is described first.

Attributes for coupling the evaluation of radionuclide release to analyses of severe accident progression for particular

sequences are also described. Finally, attributes for addressing uncertainnes in radionuclide source terms are
desenbed

a

J.2.1 Definition of Radionuclide Source Terms
.

3.2.1.1 Considerations for the Baseline PRA >

The analysis of offsite consequences resulting from an accidental release of radionuclides performed in a Level 3 PRA j
requires spccification ofseveral parameters from a Level 2 PRA which defme the em1ronmental source term. Ideally. ,

the following information is deseloped: |
1

i

the time at w hich a release begins. )+

l

the time history of the release of all important radioisotopes that contnbute to health effects.-

the chemical form of the isotopes.+

!

the elevation (above local ground level) at which the release occurs. i+

' the energy with which the release is discharged to the environment. and |
+

the size distribution of radioactise material released in the form of an aerosol (i.e.. particulate).+

As in many other aspects of a comprehensive PRA. it is impractical to generate this information for the full spectrum

of accident condmons produced by Lesel 1 arid 2 analyses. To address this constraint. several simplifications are made

in a Level 2 analysis The most significant of these are outlined below.

He following assumptions are typically made in a Level 2 analy sis regardmg the radioactive material ofinterest.

!

All isotopes of a single chemical element are released from the fuel at the same rate.+
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Chemicai elements eduonuig suiuias pivpatie> m sam > vius.o meaxued taic viicica>e avm tun pnpi.ai*

transport through the reactor coolant s3 stem and the contamment and chemical behavior m terms of
interactions with other elemental species and structural surfaces can be effectn cly modeled as one composite

radionuclide specie. Typically, the specific properties of a single (mass dommant) element are used to

represent the propenies of all species within a group.

Although the radienueliae 9m are released from fuc! in their elemental form, many species quickly combme with

vi danians to form compounds.ri he, nugrn; aw:3 from the:r pemt of n;icase The formatim of these compoundr.

and the associated change in the physico-chemical propenies ofindindual radionuclide groups are taken into account

in the analysis of radionuclide transpon and deposition. In panicular. volatile radionuclide species. such as iodine and

cesium. may be transponed in more than one chemical form--cach with different properties that affect their transport

Another simplifi ition in the charactenzation of radionuclide release irn olves the treatment of time-dependence of
^ ? lease. In a Letel 2 PRA these vanations are reduce (' to a seties ofdiscrete periods of radiological release. each

ofwhich is described by a starting time. a duration, and a (constano micase rate. The rela.:. ate may be simplified

to represent major characteristics of the release history such as an early, short-lived. large release immediately

foliowing containment failure followed by a longer period (s) of a sustained release. The specific characteristics of

these discrete release periods may vary from one accident sequence (or plat damage state) te another, but t" timing
characteristics (i.e., stan nme and duration) should be the same for each radionuclide group (i.e.. only the release rate

vanes from one group to another for a given release penodt The total number of release periods is t>pically small (i.e..

.3 or 4) and represent distinct periods of severe accident progression. For example. the following time periods are

representative of an accident leading to early structural failure of containment:

Ver) early (contamment leakage prior to contamment failure)-

Puff release (immediatel> following containment failure)-

Earl) (relatively large release rate period during aggressis e corium-concrete interactions).-

Late (long-tenn. Iow release rate following conum-concrete interactions).+

,

Note that the abose time periods are for illustrative purposes only; others are developed as necessan. to suit the

specific results of a plant-specific assessment.

3.2.1.2 Application impact Considerations

The impact of an> suggested changes on aviulability of systems that mitigate radionuclide releases should be assessed.

3.2.1.3 Interfaces with Other Tasks
,

~?.: :anuclide groupings and release penods chosen will prnvide the basis for the remaining radionuclide source

term tasks.

3.2.l A Documentation

Documentation of analyses perfonned to characterize radiological source tenr.: should provide sufIicient information

to allow an independent analyst to reproduce the results. At a minimma. the following information should be

documented in a PRA:
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The time periods considered for the release and the rat onale for the choices made-

3.2.2 Coupling Source Term and Severe Accident Progression Analyses'

The number of umque sescre accident sequen:es represented m a Lact .' PKA can be escecamgiy iary*

Compichenme, psubabili>is consiJeiation of the omnuous uncenama s in sa -: a::id-t progression can casi!)

propagate one accident sequence (or plant damage state) from the Les el I systems analy sis into 1Wto 16 ahernatnc
severe accident progressions A radionuclide source term should be esttmated for each of these accident progressions-

Clearly. it is impractical to rcArm that many determmistic source term calculations.

.

3.2.2.1 Considerations for the Baseline PRA
,

amon practi:e in many Level 2 PRAs (although ins. iicient for a comprehensive assessment) is to reduce theA
analysis burden by grouping the ahemative severe accident progressions mto ' source term bine or ' release categoriesJ
This crouping pmce.is is analogous to the one used at the interface between the Level 1 and Level 2 analysis to group

accident sequence cutsets mto plant damage states. The pr.ncipal objective of the source term grouping (or binnmg)
exercise is to reduce the number of specific severe accident scenarios. for whien deternunistic source term calcuiations

should be performed. to a practical value. A structured process stmilar to the one desenbed in Chapter 2 (related to
the assessment of accident sequences addressed in a quality Level 2 PRA) is typically followed to perform the

pouptng Charactensnes of severe accident behavior and containment parformance that have a controlling mfluence
on the magnitude and timing of radionuclide release to the environment are used to bin (or group) the attemative

at:ident progressions into appropriate telease categories A determmistic source term calculation is then performed'

for a smgle (typically the highest frequencs) accident progression withm each release category to .epresent the entire

group

As indi:ated above, this approach is inadequate for a Les el 2 analysis because the radionuclide source term for any
;

gisen sesere a::ident progression cannot be calculated with certainty. The influence of uncensinties related to the

mynad processes gesernmg radionuclide release from fuel. transpon through the primary coolant system and
contamment. and deposition on intervenmg stnictures. is significant and should be quantified with a similar lesel of

ngor afforded to severe accident progression uncenainties. Examples of these uncertamties were given in Chapter 2
Funber. a Level 2 PRA is performed in a manner that allows the relatise contnbution of individual parameter
tmeertamties to the oserall uncenainty in risk to be calculated directly (i.e.. via rank regression or some other

statistically acceptable manner). This requires a probabilistic modeling process that coinbines the uncertamt>
distributions associated with the evaluation of accident frequency. severe accident progression, containment

perfbrmance. and radionuchde source terms in an integrated. self-consistent fashion-'

b perfonn.ng this tntegrated uncenamtv anal) sis. special can. should be taken to ensure consistency between uncertain

parameters associated with radionuclide release. transport and deposition. and other aspects of accident behavior. In

pam:ular. imponant correlanons bety.can the behanor of radionuclides and die other characteristics of severe accident

piogression should be accounted for. These conelations and other similar relationships are described in

NUREG'CR-4551 (Ref. 3.20).
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3.2.2.2 Application impau Con >itleration>

If the complete integrated uncertainty approach associated with a Lesel 2 analysis is performed. it is not likely that
changes in a plant's CLB will impact the coupling of the source term and the accident progression analysis

If a grouptng or bmning process is chosen and onl determtrusti: source term calculations are perfonned for speed;3

u. ids scenancs. then care shodd be tal:n that the chmen a:: dent scenarios at: capable of reflectinc any impact
|

a ciunge m ute piamYCLB nwy lue: un tiie >vw tena.

3.2.2.3 Interfaces with Other Tasks

As noted in the description above. this task requires the integration of the distnbutions obtained from the evaluation|
|

of accident frequency. accident progression. containment performance, and radionuclide source terms. |

3.2.2.4 Docume,2tation
I

Documentanon cf anMyses perfo med to characterize tr.diological source tenns should provide sufficient information
j

to allow an independent anal st to reproduce the results. At a minimum. the following information should be|
3

documented in a PRA:

A summan of all computer code caletalations used as the basis for estimating plant-specific source terms for+

selected accident sequences, specifically identifying those with potential for large releases

A desenption of modeling methods used to perform plant-specific source term calculations; this includes a
desenption of the method by which source terms are assigned to accident sequences for which computer code
(e g.. MAAP or MELCOR) calculations were not performed.

If analyses of a surrogate (i.e . similar') plant are used (as a basis for characterizing any asper.t of
transport or deposition in the plant being analyzed. references to. or copies of

-

radionuclide release):
documentation of the onginal anal) sis and a desenption of the technical basis for assuming applicabilits of|

|

Tesults.

3.2.3 Treatment of Source Term Uncertainties
!
'

Results of the Lesel 2 PRAs described in NUREG-1150 indicate that uncenainties associated with processes
gosenung radionuclide release from fuel. transport through the pnmary coolant system. secondary coolant system (if
apph:able). and containment. and deposition on bounding structures. can be a major contributor to the uncertainty in
some measures of nsk.

Uncertainties in the processes specifically related to radionuclide source term assessment should. therefore. be
represented in a Les el 2 PRA. A systematic process and calculation tools to accommodate source tems uncertainties
into the oserall esaluation of sesere accident risks were developed for the Level 2 PRAs desenbed in NUREG-1150.
A detailed description of this process and the associated tools is not provided here and the reader is referred to
NUREG'CR-4551. Vol. 2. Pan 4 (Ref 3.20).NUREG-1335. \ppenda A(Ref 3.I9). NUREG/CR-5360 (Ref 3.21).
and NUREG'CR-5747 (Ref. 3.22) for additional information on these topics.
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3.2.3.1 Consideration > for the Baseline PRA

The areas in which key uncertainties are addressed m a Lesel 2 analysis are summanzed below:

Magnitude of radionuclide release from fuel dunny core damage and relocation of the released matenal in--

sessel (pnmanly for s olatile and semi-solatile radioruclide specico.

Chemical fann ofiodme for transport and deposition.-

Retention efficiency dunng transport through the pnmary and secondary coolant systems.-

Magnitude of radionuclide release from fuel (pnmarily refractory metals) and non-radioactise aerosol-

generation dunng corium-concrete interactions.

Decontammaton efficiency of radior uc!ide flow streams passmg through pools of water (BWR suppression*

pools and PWR containment sumps).

Late revaporization and release ofiodine initially captured in water pools. and-

Capture and retention efficiency of aerosols m containment and secondary enclosure buildings.-

When detemurusuc codes are being used to estimate the source term. it is important to account for all of the relevant

phenomena even when the code does not explicitly include nodels for all of the phenomen. When a model is not

available for certam important phenomena. it is not acceptable to simply ignore the phenomena. Instead, alternative

methods. such as consultmg different code calculations. using specialized codes. or assessing relevant expenmental

results. should be used

Wheri consequences are being estimated in the PRA. it is important to accurately represent the timing of the release.

_
Past studies have showTi that the number of early fatalities can be particularly sensitive to when the release occurs

relative to when emergency response actions such as a general evacuation of the close-in population are initiated.
i

| Hence. it is also important that the approach used to estimate the source term properly accounts for timing
charactenstics of the selease.;

!

3.2.3.2 Application impact Considerations

It is not hkely that changes in a plant's CLB will impact the treatment of uncertainties in the radionuclide source term.

3.2.3.3 Interfaces with Other Tasks
'

1

'The estabhshment of uncertamties in the radionuclide source term requires correct propagation of uncertainties through

the accident progression |
|
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3.2 .* 4 Documentatiren

Documentation of analyses performed to charactenze radiological source terms should provide sufficient information

to allow an independent analyst to reproduce the results. At a minimum a description of the method by which .;

uncertainties in source terms are addressed should be documented for a quality PRA.
i

1
.

|

|
1

!

l

..

.
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4. INTERNAL EVENT LEVEL 3 PPJ. FOR FULL POWER OPERATIONS

This chapter provides attributes for a Level 3 probabilisuc nsk assessment (FRA) for accidents initiated dunng full
power operations of a nuclear power plant. A Level J PRA evaluates the consequences of an accidental release of
radioactnity to the emironment Therefore. those PRA apphcations (e g.. averted dose. impact of evacuation strategies
on early fatahties. etc.) that need information on offsite consequences should include a Level 3 PRA. A Level 3 PRA
is also needed if the application necessnates that ownerical saiucs for risk be detennin.:d (e.g., for compati>vu WihAccidents initiated by
the U.S. Nuclear Regulatory Commission's [NRC'sj quanntante health objectives. QHO)

,

intemal events includmg intemal fire and floods are addressed in the following section. Accidents initiated by extemal
events are addressea in Chapter S.

Ar.alysis tasks performea as part of the Level 3 portion of a full-scope PRA consist of two major elements:

accident consequence analysis. and .+

computation of risk by integrating the results of Level 1. 2 a id 3 artalyses. .+

Attributes for an anal) sis in each of these areas are described below.

4.1 Accident Consequence Analysis
-

The consequences of an accidental release of radioactive material from a nuclear power plant can be expressed in
several forms. for example. impacts on human health, the emironment and economic impacts. The consequence ,

measures of most interest to a Level 3 PRA focus on impacts to human health. Specific measures of accident
4

consequences developed in a Level 3 PRA should include:

,

Number of early fatalities+

>

Number of early injunes+

Number oflatent cancer fatalities+

Population dose to vanous distances from the plant*

Indnidual early fatality risk defmed in the early fatality QHO (i.e.. risk to the average indisidual within 1 mile+

of the site boundary)

Individual latent cancer nsk dermed in the latent cancer QHO (i.e.. risk to the average indisidual within*

10 miles of the plant).

Land contamination.+

4-1Draft. NUREG-1602
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4.1.1 Considerations for clie Ba>eline PRA

Sescral probabilistic consequence assessment (PCA) codes are currently in use for estimating the consequences of

postulated radiological releases. The MACCS computer code '' is supponed by the NRC for use in nuclear power

plant Level 3 PRAs. An earlier version of this code was used in the analyses reponed in NUREG-1150*

The MACCS code necessitates a substantial amount of supponmg information on local meteorology including
windspeed. atmospheric stat >ility. and pr cipitation. cemograph3. iand use. propert) salues. etc. tKet. 4.1 prot nacs

a complete description of the input data necessary). In a full-scope evaluation of accident consequences this
information should represent current. site-specific conditions.

In addition. MACCS requires that the analyst make assumptions on the values of several parameters related to the
implementation of protectis e actions following an accident. for example:

The (site-specific) ture needed to wam the public ano imtiate the emergency response action (e g., esacuation or
-

sheltenng).

The effective evacuation speed.-

The fraction of the offsite population which effectively panicipates in the emergency response action.
-

Re degree of radiation shielding afforded by the building stock in the area.-

The projected dose hnuts assumed to tngger normal and hot spot relocation dunng the early phase of the accident.
-

The projected dose limits for long-term relocation from contaminmed land. ar'd-

The projected ingestion doses used to interdict contaminated farmland.-

Since the values assumed for the abose parameters hate a significant impact on the consequence calculations. the
selected values need to bejustified and documented.

4.1.2 Application impact Considerations

it is unlikely that a change in a plant s current licensing basis (CLB) would effect the accident consequence.
~

assessment. However. if the application necessitates knowledge of a panicular risk measure (e.g.. population dose

for cost-be tefit analysis or individual nsk for companson to the NRC's quantitaine health objectives) then the
consequence model used should be able to calculate these paranieters.

''D.I. Chanin. et al.. MELCOR Accident Consequence Code System (MACCS). User's Guidel
NUREG/CR-4691. SAND 86-1562. Sandia National Laboratones.1990.

' USNRC -Severe Accident Risks: An Assessment for Fise U.S. Nuclear Power Plants." NUREG 1150.
December 1990.
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4.1.3 Interfaces with Other Teks

This task interfaces with the output of the Lesel 2 PRA and presides the magnitude of various risk measures

conditional on a release occurnng. The output of this task is used in the computation of risk (Section 4.2).

4.1.4 Documentation

Documentation of analyses performed to estimate consequences associated with trie accidental release of radioactis e

matenal to the environment should provide sufficient information to allow an independent analyst to reproduce the

results. At a minimum. the following information should be documented for a PRA:

A description of the site-specific data and assumptions used to perform the consequence calculations.*

4.2 Computation of Risk

The final step in a Level 3 FRA is the integration of results fro.n all previous analyses to compute t'.e selected
measures of nsk. The severe accident progression and the fission product source term analyses conducted in the

Level 2 ponion of t! - PRA. as we" s the consequence analysis conducted in the Lesel 3 part of the PRA. a*e
performed on a conditional basts. That is, the evaluations of attemative severe accident progressions. resultmg source

*

terms. and consequences. are performed without regard to the absolute or relative frequency of tne pos'.ulated accidents.

The fmal computanon of nsk is the process by which each of these portions of the accident analysis are linked together

in a self-consistent and statistically ngorous manner.

4.2.1 Considerations for the Baseline PRA

The important attnbute by which the rigor of the process is judged is the ability to demonstrate traceability from a

specific accident sequence through the relative likelihood of alternative severe accident progressions and measures of

attendant contamment performance (i.e.. carly versus late failure) and ultimately to the distribution of fission product

source terms and accident consequences. Tius traceability should be evident in both directions; i.e.. accident sequence

to a distnbunon of consequences and from a specific level of accident consequences back to the fission product source

terms, containment performance measures. or accident sequences that contnbute to that consequence level.

4.2.2 Application impact Considerations

it is unlikely that a change in a plant's CLB would effect the method used to compute risk. However, if the applicanon

necessitates knowledge of a panicular risk measure (e.g.. population dose for cost-benefit analysis or indisidual risk

for companson to the NRC's quantitative health objectises) the the risk integration model used should be able to

calculate these parameters.

4.2.3 Interfaces with Other Tasks

This task interfaces with the output of the Level I and 2 PRA tasks and calculates vanous risk measures.

Draft. NUREG.I602 4-3
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4.2.4 Docunientation

Documentanon of analyses performed to estimate risk should provide sufficient information to allow an independent
analyst to reproduce the results. At a minimum. the following information should be documented for a PRA:

;

|
A desenpt:en ofmod: ling niethods used to assign conscoucnces to individual c::ident sequences represented in

|
the probabilisuc logie model, this includes a description of the method by which the full spectrum of seserc

.

|

a.cident somw tenus scocrated as pan of th: un:ciuinn ana! sis arc luscc to a limited numccr 0, Wiaa;3

consequence calculations.

A description of the computational process used to integrate the entire PRA model (Level 1 through Inel 3).*

A summarv of all calculated results including frequency distributions for each risk measure..

i

b

.

. .

f

!
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5. EXTERNAL EVENT PRA FOR FULL POWER OPERATION

The analysis of external events in a Probabilistic Risk Assessment (PRA) necessitates different considerations than
ithose for an intcmal events analysis. This chapter discusses the attributes which should be considered in performing

or reviewing a baseline extemal event PRA for full power operation. In addition. considerations for using the external !

event PRA models for evaluating the risk-significance of a proposed licensing modification are also presented.
i

:
!

5.1 Level 1 Analysis
'

This section presents the considerations for performing a Level I seismic PRA while at full power. In addition. ~
==rieranons for performmg a Lesel 1 PRA analysis of other external events which can be important at various plant
sises (e.g., high winds, tornados, hurncanes, and nearby transportation accidents) are also presented. The evaluation
of external event during lower power shutdown conditions is discussed in Chapter 6. Since the analysis of external
events generally utihze the models generated for the intemal events analysis, the considerations discussed in Chapter 2
are also applicable for these events. & PRA considerations presented in this section thus focuses on those Level 1 ';

modeling aspects which are unique to the external events. However. the influence of the external events on the internal
event Level 1 :..odels (e.g., the impact of stress level, equipment accessibility, and lack ofindications caused by an
external event on the hurnan reliability assessment) is also discussed.

5.1.1 Seismic Analysis |

Tne objective of a seismic PRA is to analyze the risk due to core '. rage accidents initieed by earthquakes. This
means that the frequency and severity of earthquakes Gould be coupled to modeL of the capacity of plant structures
and e- ; =-ts to survive each possible earthquake. h effects of structural failure should be assessed, and all the

'

resulting information about the likelihood of equipment failure can be evaluated using the internal events PRA logic

; model of the plant modtfied as appropriate to include seismic-induced events.

The basic elements of a seismic PR A include (1) hazard analysis, (2) structure response analysis, (3) evaluation of
mm-em fra;ilities and fhilure mcnes, (4) plant system and sequence analysis, and (5) contamment and containment
system analysis. .

This section highlights the rasjor points to consider in the performance of a seismic PRA. Further details are contained

in NUREG 1407 (Ref. 5.1) N'JREG/CR-2300 (Ref. 5.2) and NUREG/CR-2815 (Ref. 5.3).

5.1.1.1 Considerations for the Baseline PRA
.

In a seismic PRA. seismic-inducci failures in addition to random hardware failures are modeled. They can lead to
accident initianng events as well as failures of components and systems that are needed to mitigate an accident In an !

internal events PRA. usually only active components are snodeled. In a seismic PRA, passive components, such as
pipe sections, tanks, and structures, have to be included. Unique failure modes of these components have to be
identified and added to the logic model. In addition, relay chatter is a unique component failure mode during an
carthquake that should be addresstd.

One important aspect of a seismic event is that all parts of the plant are excited at the same time. This means that
there may be significant correlation between cornponent failures, and hence, the redundancy of safety systems could
be compromised. The correlation could be in'.roduced by common location, orientation, and4r vibranon Bequency.
This type of"conanon-cause" failure represents a unique risk to the plant that is reflected in a seismic PRA.

An additiona! consideration in the performance of a seismic PRA is the formation of both a well-organized'walkdown

team and a peer review team with combined experience in both system analysis and fragility evaluation. Ideally, the
peer review should be conducted by indidduals who are not associated with the initial evaluation to ensure ideally,
both technical quality control and technical quality assurance of the PRA results and documentation.

Draft. NUREG-1602 5-1
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%e systems, sauctures and components (SSCs) modeled in the intemal events PRA, internal fire PRA (Section 2.3),
j and intemal flood PRA (Section 2.2) can be used in the identification of potential seismic induced initiating events, ;

--1--
=^ failure modes, and accident scenarios. They provide the starting point for the identification of SSCs to be;. >

included in the seismic analysis. In additica, a review of the fire and flood analyses can help ident y the for potential |W

for seismic induced fires and floods. For exmnple. failure of a hast exchanger or tank could lead to a flood that impacts .

J '

other components. Similarly, rupture of an oil storage tank can cause a fire.

During the plant familiartzation in preparanon for performing a seismic FRA, plant docurnentation regardmg
L

'

eqmpment layout, design, and construction of the SSCs identified in the internal events PRA are typically reviewed.!

During this process, additional SSCs may be identified. During the plant walkdown, visual inspecnon of the
egepast layout and ==pa=== =milman and anchormg should identify SSCs whose failure could impact the risk:

ofshe plant. The plant walkdown is critical to identify as-designed, as-built, and as-operated seismic weak links in
plants. Information is gathered to deternune the significant failure modr.2 of the SSCs and if the failure of an SSC
wnuld unpact otha eqmpmat needed to mitigate the accident. For example, failure of a structure could cause failure
or equipment nearby due to falling debris More detaileu attributes for a walkdown can be found in Section 5 and 8i

of the Electric Power Research Institute (EPRI) Seismic Margins Methodology (Ref. 5 A

Initiating Events Analysis

i
Seismic-induced initiating events typically include transients, loss of offsite power (LOOP), and loss of-coolant
accidents (LOCAs). De i,0sied collapse of a major structure, such a the reactor building or turbine building, can

;

be considered as an additional initiatmg oent or as a basic cause for an initiating event that has been already identified
,

in the intemal events PRA. As ==*~=8 prniously, ~3=ially induced fire and flood events can also be potentially
f

idenn6ed. It is possible to have multiple initiating ewnts for a given seismic event. His can be treated approximately
by choosing the mitiator with the worst impact from the standpoint of core damage probability'and considering

'

additional failures that are seany induced. A systematic evaluation of the SSCs is performed to identify the causes
,

I

of potennal initianng ewnts in a manner similar to the way initiating events are pouped for an internal events PRA.
the seisnue failures can be pouped based on their impact on the plant. He results of the evaluation should produce:

a list of failures for each initiating event. De identified failures are then used to guide the quantification of the. ,)' -

frequencies of the initiating events.

Hazard Analysis
,

In the 1980's, the uMi~aa for performing seismic hazard analysis were developed far the Eastem-U.S. sites by|'

j
Lawrence Livermore Nanonal laboratory (LLNL)(Ref. 5.5) and EPRJ (Ref. 5.6). However, the seismic hazard curves
try these two methodologies were significantly different for many of the eastern sites. As a result of the 1993 revision
of the LLNL hazard curves (Ref. 5.7), either approach is currently considered to be acceptabic. . In 1993, an effort was
also irunated to develop a method to produce more consistent seismic hazard curves (jointly supported by the NRC,
EPRI, and the U.S. Depenment cfEnagy { DOE]). His recent development in seismic hazard analysis could also be

q

|used for future seismic PRAs. In the seismic hazard evaluation, site specific soil conditions should be incorporated'

imo 'h: site specific hazard curves to provide a une sitt-specif.c hazard evaluation. He potential for soil liquefaction
should also be considered in a site-specific evaluation.

To quantify both the seismic hazard and component fragilities, a pound motion grameter needs to be selected.i
- Traditionally, the peak ground E=L- '-m or zero pmod spectra! acceleration has been used to represent the intens tyj

of the earthquake hazard, wiuch tends to introduce a significant uncertainty in the lower Ouesocy range. To m;tigate|

i
this problem, the average spectral acceleration is rscm. .w.ded for use since it expresses the grcwd motion intensity
in terms of average response spectral values over the significant frequency range ofinterest for most structares and
equipment (e.g.,5 Hz to 15 Hz). If an upper bound cutoff to ground monon at less than 1.5 g peak ground acceleration!

4

I
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is asswtui. sensitivity st;, dies shodd be :endu:ted te d:::: min: wh:6: $: us: of this cuteff:5::ts the deline: tion
and rankmg of seismic sequences.

Fragility Analysis

De fragility of a component or structure is defmed as the conditional probability of failure given a value of the ground
motion p:rameter. . A!! the potential failure modes. both structural and functional, need to be examined to quantify the

ffragility ulue ofa component. De sources ofinformation that can be used in a fragility evaluanon include the plant-
specific design and test data, availab!c cxperimenta! results, experience in past es:thqu.-':es (e.g., for offsite power
loss), and generic fragility values from past studies.

Generic fragility parameters can be used in the initial screening of components and structures. However, the |

appropnaseness of the genene fragdsty paramesers has to be verified during the plant walkdowri as w II as by reviewing
the douanentanoa an component and strucare fragilities. The high-confidence-and-low-probability (UCLPF) value
can be used to screen components and structures without cuantification of the seismic fault trees or event trees.
Screemng using a specified g-level for components and structure can be used to eliminate components with higher
HCLPFs from further consideration in the PRA. However, if the em ..s firequency (CDF) rest /.ts indicate

sigmficant kipi a of-r,csts at the specified g level, t1 -n components screened at this level shou.d be added-

to the model and the results recalculated.

In the fmal PRA m".el, all compo -ts and structures that appear in the dommant accident cut sets shou'd have site- |
i

specific fragility parameters that are derived based on plant-specific information, such as anchoring and installation
of the component or structure %e M~Wogies for fragility analysis are discussed in a number of references, for
example, NUREG/CR-2300 and EPRI NP 6041. It is desirable to incorporate the results of the latest available test
data into the analysis and to also include aging effects in the component and structure fragility evaluation.

*

Seismic Model Development and Quantification

Seismic event trees can be developed by modifying the event trees developed for the internal events PRA, as
appropriate. De event trees should consider events that can occur during an earthquake including a LOOP, station

'

blackout (SBO). other tnmsients, and LOCAs of dafferent siaes as well as multiple initiators. The fault trees developed
for internal events can also be modified to include failures induced by earthquakes, as well as the impact of failed
mstrumentanon or contradicting indications. %e ramiom failure and human errors included in the fault trees for the

'

mternal events analysis should be retamed for the seismic analysis. Relay chatter and recovery actions can be included
-

-

in the analysis using the infonnation given in Section 3.1.1.4 of NUREG-1407.

De logic models should demonstrate that simultaneous failures of multiple SSCwncluding a cross system bourxiary,
if applicable) as a result of the earthquake are adequately modeled. Most of the seismic-induced failures can be
adequately modeled by adding seismic-induced failure events in the fault trees for the affected systems. In terms of
mitiating events, a combination of multiple initiating events has to be considered. For examole, a LOCA with
simultaneous LOOP or SBO should be considered in the risk assessment.

De fault trees and event trees should be quantified with a suffi ient number of g-values to cover the range of possible

earthquake levels. For each g-value, the event trees are quantified to ocieruwe u.m ditional core damage cutsets
and conditional core damage probability. Integration / summation of the products of the conditional core damage

probability and the hazard curve over all g values provides the overall CDF due to seismic events.

Quantification can be done in two or more iterations. He initial screemng quantificarsa can be done by partially
using generic << c.;+ = fugilities. De final quantification should use site-specific fragilities for those components-

that appear in the dommant cutsets. Care should be taken to treat system successes and high failure probabilities .

'

properly by the computer algorithm used. he uncertainties in the results should be fully quantified and displayed.

Draft, NUREG-1602 5-3
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<

.

5.1.1.2 Application impact Considerations

A parncular change to a plant's current licensing basis (CLB) may inDuence the response of the plant to seismic events1

)
and thus inffw- the risk to the plant and public. The use of a seismic PRA in a risk-informed regulatory applicationj
necessitates that the impact of proposed plant or procedural changes be incorporated into the PRA evaluation. The
actual nature of the impact will be application specific. However, in general, the proposed change should be evaluated

j
'

for the impact on the following seismic PRA con.;iderations,'

klenufy if any additional SSCs should be included in the seismic model. Altematively, the applicanon may
|

*

result in the removal of a SSCs from consideration.
,

;

! Review the impact of the proposed change on the identified seismic-induced initiating events including their* *

i grouping.
t

ty ofa - gm or structure may potentially be affected by a proposed change in a plant's CLB*

w-= of genene and plant specific fragifties should be reviewed in light of a proposed change
j

ne structure and quantification of developed event trees and fault trees used in the seismic PRA should be
) *

moddied as appropriate to reflect the proposed plant modification.
j
.

5.i.i.3 Interfaces with Other Tasks
h

,

A seismic PRA can utilia the PRA models used to evaluate intemal events. In ganeral, the models are moddied to?

| include seismic-induced failures in addition to the random failures modeled in an internal event PRA. Hus, the
,

performance of a seismic PRA necessitares interfaces with several internal event PRA tasks, including initiating event;

identification, accident sequence analysis, systems analysis, data analysis, and human reliability analysis (HRA).i.
I
s

f 5.1.1.4 Documentation

De documentation of a seismic PRA should be sufficient to enable a peer reviewer to reproduce the results! The
i

! process ofidentifying SSCs to be included in the seismic analysis should be h-ted. The process should be
' = I no be systematic and complete. An example of a set of screemng criteria are the attributes in Section 2

{ cf the EPRI Seasnue Margins Methodology (Ref. 5.4)L A list of any SSCs that were screened out should be provided
| with the sacerung cntena/assumpoons A list of SSCs that were included in the seismic analysis should be prosided.

,

j

! along with the fin:!ings and procedures of the plant walkdown.
,

-

The following information should be documented for each SSC::
1

!
The type of component and the plant specific identification number,

|
*

The location and orientation of the component in the plant.
' *

Support and anchorage details,! *

i Evaluatica results of possible seismic interactions.*

Inspectim results on the condition of components and anchorages,*
; Photographs (if appropriate), and ,

i a |

Results of screcrung.1 *

The screenmg criteia foi "=WHy induced initiating everits should be <t=-ted. The criteria should be consistenti

with those used :n the internal events analysis. The quantification of seismically induced initiating events is
i++==ted with enough detail so that a knowledgeable reader could repioduce the quantitative results.

%e desenpean of the seismic hazard method should be prosided, together with the information used to characterize
the seismicity near the site, the local soil conditions and the potential for soil liquefac+ ion.

54Draft, NUREG-1602
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!

He results of the scismic hazard analysis includes the seismic hazard can es for different confidence leve's (ty pically
for 5,10,20,30,40,50,60. 70,80,90,95 percentile), and the correspondmg response spectra. The seismic hazard
should be quantified for both horizontal and vertical components.

i
,

The following information for documenting the seismic hazard evaluation should be considered:

Description of the seismic hazard analysis method. including the identification of computer codes used in the,

.

analysis.

If a plant specific hazard analysis method is used, all the assumptions / parameters regarding the seismic
!

'
*

zonag, source parmners ofesch seismic zone (magnitude-frequency relationship), attenuation formula and+
;
'

the local soil conditions.
.

Hazard curves and the associated response spectra.*

The methodologies used to quantify the fragility values of components, together with key assumptions, should be
described sufBeiently to allow for a peer review A detailed list of the component fragility values should be prosided
that includes the method of seismic qualincanon, the donunar.t failure mode, source ofinformation, and the location
of the component. De fragility descriptors (median acceleration, uncertainty, and randomness) should be tabulated
for all SSCs modeled. and the technical bases for the values used for each SSC should be prosided.

Identification of the HCLPF values of all SSCs modeled is also ..mn==-aA A al ng with the basic fragility ,

parameters Both sequence-lewl and _"= =:-level HCLPF ulues should be pro.ided to support decisions related
to the identification and listing of seismic winerabilities. ,

The following information should be considered for documenting a fragility analysis:

De description of the fragility analysis methodologies and key assumptions,*

Detailed fragility tables.i *

Results of screemng, and*

HCLPF values.a

I
4

The following information on seismic model development and quantification should be documented:

A description of the modeled initiating events including how SSC failures may cause the initiating events. t+
,

A h.yi;an of the seisnue ewnt trees with descriptions of the top events and seismic-induced failure events*

modeled. The moddications made to the event trees developed for the internal events PRA should be

di===M in detail.-
"

De assumptions made related to correlated failures and how they were applied. For example, pumps from*

redundant trains of the same system are usually located in the same building and have the same orientation.
Seismic-induced failures of pumps located in the same building are pessimistically assumed completely
correlated unless more detailed analysis is performed to better quantify the correlation. A table containing

'

all the correlated failures should be provided. He basis of the assumptions for correlations or lack thereof

should be elaborated.

De impact of structure failures. A table hstmg all the structm es considered and the components or functions+

they affected should be prosidcd.

Draft, NUREG 1602 5-5
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Fai!ures ef components can !ead in Are and fmu in addition to loss of their 5.:tient Mai!d I
*

documentation of the evaluation ofreis'nhally induced fires and floo(.s should be presided. '

Description of quantification methodology.*

A discussion of the risk profiles and donunant scenarios is for each earthquake magnitude.*

A discussion on considerations for uncertainties in wasmic risk quantifation. This should include the*

--' s uncertainties for Nth hazard and frag:lity : :rves.

11.2 Analysis of"Other" External Events

Analysis of"other" external events for full power considerations should generally follow the processes already
prmided for full power analysis ofinternal event initiators. However, there are a few noteworthy differences that are
discussed below.

5.1.2.1 Considerations for the Baseline PRA

The determination of what "other" extemal events need to be considered necessitates the resiew of many possible
evects that could occur. NUREG/CR-4839 (Ref. 5.8), for mstance, provides a list of possible extemal events that
should be considered for inclusion in this portion of the PRA.

This topic i: fhrther complicated by the fact that unlike the internal initiators, the "other" extemal events very often
need to be described using a hazard curve rather than a single frequency estimate. This complicates the ability to
screen out "other" external events on probabilistic grounds. Hence, screening of these events relies much more.on
sound detemunistic ar6uments. The screening of any extemal events therefore necessitates adequatejustification and
documentation.

Modeling oraccident sequences, equipment failures, and human errors generally follows the intemal.es ents-full power
acributes, except that spanal and plant layout r tors become relevant as is the case for internal fire and flood events.ac

For instance, structural and bamer consideratior s need to be included; equipment, barrier, and structural failures need

to be modeled using fragility cunts; new releva at failure modes and equipment operability issues need to be included
in the analysis based on the effects of the ext;rnal event; and se models should allow for appropste combinations
of external event-induced failures with th.: random failures s' ready included in the intemal events analysis.

Correspondmgh, t' e data values (or curves) used for th'e failure probability of equipment, structures, barriers, and for
human error should consid-r the effects of the extemal event as the hazard severity changes. This could mean that
greater failure probabilities are used than in the internal esents analysis.

!

Fmally, the quantiScanon aspects of the analysis necessitate a much more sophisticated analysis technique (and hence
computer code capabilities arvi validation) in order to properly determme the CDF resulting from these "other" extemal
events. This technique should integrate die full spectrum of hazard potential (as delineated by the hazard curst) and
the spectrum of failure probabilities in the model (defined by fragility curves and other mears to describe how failure
probabilities of plant equipment and human errors change as a function of the hazard severity).

5.1.2.2 Application impact Considerations

As with the case of the analysis ofinternal events (meluding fires and flonds) and seismic events, a proposed change
in a plant's CLB can potentially impact the risk frorn other extemal events. The actual nature of a proposed plant
modification or procedural change will determine how the PRA evaluation of these other extemal events is impacted.
In general, the following factors should be considered in the risk evaluation of such a change:

Draft, NUREG-1602 5-6
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e

Le screening of other ener=: eunts she :d be raier.ed for : preposed modif:ca: ion to a plant's CLB to
determine if the other external events considered or not considered in the baseline analysis are still

-

appropriate.
y

Potential changes to SSC fragilities resulting from the CLB change for the modeled extemal events should
:

|
+

be considered.
!'

The potential for additional spatial-related failure tr. chanisms should be resiewed.+

Changes to the exisang baseline PRA models and data (including HRA values) necessary to account for the*

CLB modification should be identified.

5.1.2.3 Interfaces with Otber Task: )

ne evaluation ofother extemal events can utilize the PRA models used to evaluate internal events. De internal event
models are moatfied to include additional failure modes induced by the external events. Hus, the analysis of other

i

external events necessitates interfaces with the intemal even: PRA
~ .Juding primarily initiating event

identification, accident sequenu: analysis, systems analysis, des analysis, and HRA.

5.1.2.4 Documentation

4 er' external events:thDe following information should be considered for documenting a PRA analysis of

A discussion of the process and the results of the screening of"other" external events.+

Details regarding how the retained events are modeled particularly how the internal event models are+

modified for the analyses to include spatial impacts.

A discussion of the external event hazard curves and the fragility curves for components and structures.+

A discussion on how the human error rates are impacted by the external events.+

Re results of the analyses.+

5.2 Level 2 Analysis

His section addresses some factors to consider when performing a Level 2 seismic PRA while at full power. It also ,

prmides considerations for performing a Level 2 PRA analysis for other external events (e.g., high wuds, tomados,
hurricanes, and nearby tranmortation accidents). In general, the considerations for performing Level 2 PRA for
extemal events are the same z .>r an internal event Level 2 PRA. Dus only those factors unique to external events

are provided in the subsequent sections.

5.2.1 Seismic Analysis

As with the level 1 portion of the seismic analysis, the Level 2 analysis should consider the impact of an earthquake
on the core damage mitigating sptems and the containment. 'Ihe attributes for performing and documenting both the
baseline and application-specific level 2 pornon of the seismic analysis includes the same considerations as discussed
for the internal events analysis. In addition. the potential for an earthquake resulting in the failure of containment
isolation ulves ta close, failure of containment spray systems, or failure of standby gas treatment systems all should
be evaluated. This can be accomplished as is done in the Level 1 analysis by including seismic-induced failures in

the internal events Level 2 models.

Draft, NUREG-1602 5-7
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5 External Event PRA for Full Power Operation

5.2.2 Analysis of"Other" External Events

As with the Level 1 portion of the analysis of"other" external events, the baseline and application-specific Level 2
analysis should consider the impacts of the extemal events on the mitigation of core damage accidents. The impact
ofthe identified external esents on mitigating systems thus necessitates the same considerations as listed above for the
other Level I analyses. In addition, any direct impacts on the containment from the extemal events should be esaluated
and documented.

5.3 Level 3 Analysis

His section identifies some factors to consider when performing a Level 3 analysis of the consequences from extemal
events that occur during full power operation. In general, the performance of the Level 3 analysis utilizes the same
models used in evaluation ofinternal events. The major difference is in the consideration of the impact of external
events on emergency response actions such as evacuation of the close-in population. It is unlitely that a CLB change
would impact the Level 3 modeling.

5.3.1 Seismic Analysis

%e attributes in Chapter 4 is also, in general, applicable for a seismic analysis. However, under some circumstances
an earthquake can present conditions that would change the conse:;uence assessment generated for the internal events
analysis. In addition to changing the potential source terms, an earthquake can influence the r.bility of the populstion
surrounamg a plant to evacuate upon declaration of a general emergency. A Level 3 seismic PRA should, therefore,
include consideration of the impacts of different levels of earthquakes on the conseiquence assessment (Ref. 5.9). A
thorough discussion and documentation of the assumptioris used in the consequence assessment should be provided.

5.3.2 Analysis of"Other" External Events

he impact on the Level 3 arm!) sis should be included in the evaluation of other external events. De primary concern
is the impact of the external events on the potential for evacuation. He attribute: provided in Chapter 4 also apply
for the I.ewl 3 analysis of"other" external events. How any unique ways in which the extemal events might impact
the Level 3 analysis should be evaluated and documented.

.
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6. INTERNAL AND EXTERNAL EVENT PRA FOR LOW POWER AND
SHUTDOW.N OPERATIONS

l

The purpose of this chapter is to specify the necessary attributes of a full-scope probabilistic risk assessment (PRA)
oflow power and shutdown (LP&S) operating conditions. The tasks discussed are basically the same as those
described in Chapters 2 th.ough 5 This chapter will focus on any differences and'or additional tasAs imposed b, the

However. note that it is not the M:nt of this discussian to prescribe how to perform a
a:u!) sis of LP&S ennditinns
PRA for LP&S cc::di: ions \

For those LP&S tasks that are significantly different from those of full power operation. the differences and additional
considerations are discussed for the baseline PRA. In addition. the potential impacts of nsk informed applications.
interfaces with other tasks. and required documentation are discussed in separate sub-sections. For those LP&S tasks

that are very similar to the tasks of full power operation this fact is stated and references to the full power sections are

"e without further elaboration.

The scope of the LP&S analysis includes all plant operating conditions excep; for full power, which is described in
Chapters 2 through 5. Examples of states included in an LP&S analysis are low power (e.g.. power < 15%). hot
shutdown / standby. cold shutdown. and refueling.

The risk associated with the operation of a plant in a particular operational state is estimated bar,ed on the average risk

peryear. Inus. the fmetions of time associated with the operation of the plant in the various states should sum to 1.0.
His implies that if the full power nsk has been calculated based on being in full power operation for an entire year,
then the results of the full power analysis should be reduced by the fraction of time the plant is not at full power on

a per year basis (e.g., if the plant is at full power 70% of the time on a per year basis. the full power risk on a per year
basis would be 0.7 timer the originally calculated full power risk value). Likewise. the risk associated with any

individual operating state should include the fraction of time the plant is in that particular plant operational state

(POS).

For LP&S conditions. the fuel is assumed to remain in the reactor vessel. Risk associated with spent fuel stored in

the spent fuel pool. and cases where fuel is partially or totally off-loaded to the spent fuel pool dunng refueling are
considered out of the scope of this document.

Typically. the plant operating states of a refueling cycle can be grouped into four distinct categories:

Power operation (i e.. full power operation).-

Controlled shutdown to below x% power (where x represents the transition point from low power to full+

power operations). 1

Scram. and+

Refueling outage. |-

As stated previously. the analysis of full power operation is described in earlier Chapters 2 through 5. He analysis
of"OK" sequences origmating from a full power analysis are excluded from the LP&S analyses; thus. the fractions

of time spent in operational states resulting from a plant scram cre not included in the analysis of risk during LP&S.

Draft.NUREG 1602 6-1
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6 PRA for Low Power and Shutdown Operations

The basis for this is the nunmnrion that the mtum "ma med in the '"" gwer a= lysis is su'*i:icnt to adcy.:.u!)
cover the operation of the plant during these states and that the data used to detennine component unavailabilities for

full power conditions already accounts for the known component unasailabilities during these states

This leaves controlled shutdowns and refueling outages In both cases. plant-specific historical data and current

operatmg procedures are used to determine both the fraction of time spent in these states and to determme the

unas afiability ofequipsueni in each operating statc.

6.1 Internal Events Level 1 Analysis *

As stated in Chapter 2. a Lesel 1 PRA is comprised of three major elements. For LP&S conditions, an additional
*

consideration should be Mded to the accident sequence delmeation task of a PRA. The purpose of this addition is to

subdivide the operMing cycle of the plant into sufficient plant operational states (POSs) to allow the analysts to

adequately reprw.t the plant as it transitions from one operaung state to another. While the number of POSs may

vary from plant-to-plant owing to the different operational characterise .. .. plants, the important concept is the

subdisision of the operation cycle into sufficient detail to allow .he PR A analysts to accurately represent the status of '

the plant both from a systems availability and a decay heat viewpoint.

6.1.1 Plant Operational States
~

1he objecove of the POS identification and quantification task is to subdivide the plant operating cycle into sufficient

detail such that the analysts can represent the plant operatmg within specific POSs and transitionint from one POS
to another, and to determine the fraction of time spent in each POS.

6.1.1.1 Considerations for the Baseline PRA

Identifying POSs

A POS is a plant condition for which the status of plant systems (operating. standby. unavailable) can be specified

- with sufficient accuracy to model subsequent accident events" (Ref. 6.1). In addition to the statas of plant systems.

knowledge about the decay heat load. and thus changes in success critena, is important when identifying the POSs.

In an LP&S PRA. the plant's operadng cycle is subdivided into different POSs. The characteristics important ta the
identification of the POSs are as follows:

reactor power level..

i

)in-vessel temperature. pressure, and coolant level..

j

equipment normally operating and required to maintain the current operating parameters. and
.

changes in the decay heat load or plant conditions (e.g.. raised water lesel with upper pools connected during
.

refueling at a boiling water reactor [BWR]) that allow new success critena.

Examples of POSs for pressunzed water reactors (PWRs) and BWRs can be found in NUREG/CR 6144 (Ref. 6.2)

and NUREG/CR-6143 (Ref. 6.1). respectively. It is possible that somc special tests and operational activities. that
!
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are of relatis ely short duration. require that the plant be r! aced in a ceafg.tration that is very difverent frem the reme!

con 6guration of a POS, Such a configuration may not need to be treated as a separate POS. Howeser. such test

configurations should be identified and their contribution to risk evaluated.
]

Determining POS Fractions

|

For cach POS identified. detailed plant specific infomiation is collected. such that the tirne spent in each POS can be

determined. To determine t!e POS fractions for n refuchna entny p! ant-spect0c infomrien on the preue'n %
refuehng outages is collected. Ifless than four outages are available. then information from a!! outages except the first

is used. For controlled shutdown POSs. the fractions are determined by collecting plant-specific information from the I

previous five years of opera ion. Ifless than five years are available. the data from all years are used.

Screening of POSs

|

Screemng o POSs should be performed by identifying as ailable diverse and redundant means of removing decay heatr
and mitigating accidents. Supporting deterministic analyses and quantitative screening risk calculations are used to

prosid justification for screenmg out a POS. For example. during refueling operation with the refueling cavity filled.

calculations should be performed to demanstrate that time to core damage is very long in different postulated accident |
sec=rios.

'

6.1.1.2 Application impact Considerations

A change in the current licensing basis can affect this task in tae following way:

Changes in the frequency of outages.-

Changes in the number of POSs. '-

Changes in the duration of the POSs. and-

Changes in the other parameters used in defming the POSs.-

The potential for these changes has to be evaluated for each risk-mformed change in the current licensing basis (CLB)
|

in es21uating the risk impacts of plant changes. the inclusion of contributions from LP&S presides a more complete )
risk assessment. i

6.1.1.3 Interfaces with Other Tasks

This task defines the initial condi*'ons of the plant to be analyzed in all the subsequent tasks. In this task. the key .

parameters are specified for each POS. In the subsequent tasks. further characterization of the POSs is needed to

complete the assessment. A PRA model similar to that for full power operation is developed for each POS.

6.1.1.4 Documentation

The following information are documented for an LP&S PRA:

. I
A list or general description of the information sources used in the task. l.

l
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A discussien of the POS< idendfied dring the teek The 6eenuicn che"!d <pecif:: !!v defme :::h POC =d
-

desenise how each POS was determined.

Assumptions that were made dunng the identification of the POSs. The bases for the assumptions and their-

impact on the final results are also discussed

A desenption of the configuration of the sysicms. mciudmg those that are needed for continuous operaton*

m the POSs

The tune history information used to detenmne the POS fractions, including the amount of time spent m each*

POS for ca h refueling and controlled shutdown outage.

The fractions of time calculated for each POS for both refueling and controlled shutdown outages.+

A list o'special tests and operational actnities that cigmficantly change the plant configuration of a POS.*

|
List of PRA changes from risk-informed applications..

|
'

6.1.2 Accident Sequence Initiating Event Analysis
'-

'lle objective of the irutiating events task is the same as that desenbed in Section 2.1.1. with the exception that for
those POSs where the reactor is already shutdown. the requirement for a reactor tnp is eliminated; however the

possibility of reenticality events is considered.

The LP&S specific considerations are prosided for identifying additional initiating events, er:cluding events from
consideratiort grouping the individual initiating events. and documentmg the work only when they differ from or are

in addition to those contained in Section 2.1.1.

In an LP&S PRA. all these intemal events that cause an upset of normal plant operatica (some of which require a

reactor tnp) with the subsequent need for core heat removal are identified as initiating events. These events fall into

one of four categones as follows:

Loss of-coolant accidents (LOC As)- For LP&S conditions, those events that result in a diversion of water-

from the reactor vessel to some location where the water is recoverable, plus pipe rupture events in operating

systems connected to the reactor vessel where the inventory loss may or may not be recoverable are

considered.

Transients - All full power events applicable to the 1 P&S conditions are considered.-

Decay Heat Removal Challenges - All events that result in the isolation or loss of the normally operstmg.

decay heat remosal system during shutdown conitions are considered.

Reactivity Excursions - All events that lead to inadvenent reactisity insertion or problems with flow.

instability where the core is operated with a local high power-to-mass-flow ratio are considered.

Draft. NUREG-1602 6-4
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2 2 ' ; .ne: M m;

example. reactisity accident scenano identified in the French Study (EPS 900) (Ref. 6.3). low-temperature
os erpressurization. failure of casity seal. and failure of thimble tube seals should be addressed.

In ensunng " completeness"in idennfying all potential initiatmg es ents for a LP&S PRA. the analyst should perform
an engineenn; esaluanon considering all nents as described m Section 2 ! l. plus the anal..st should er::luate thes:
esents that are unique to or hase happened durmg shutdown ogeranonal states. Table 41.2 of NUREG'CR-blC-
\'c! 2 (Ref 6 !) and Tab!: .I ! 3 c" L' REG CR 6! !!. Ye!|Ref 0.2) ecmcin lisa d e cnts th:t h:.: beenconsidered durmg previous LP&S analyses.

The consideranons associated with ev.cludmg and grouping initiating events are the same as tiose provided in
Section 2.1.1.

In addition. application impact considerations. interfaces with other tasks. and documentation
guidelines are similar to those discussed in Section 2.1.1 for fSil power operation.

6.1.3 Accident Sequence Analysis

For this task considerations are prosided for selectmg the accident sequence model. establishing the success enteria,
modehng the accident dependencies. and documenting the work only whe n th y differ from or are in addition m thosepresented m 5ection 2.1.2.

In addition to the considerations described in Section 2.1.2. top events representing the fractions of time spent in
different system configurations (e.g., fraction of time the prtmary con:ainment is open or the fracnon of time a specific
decay heat removal system is operating) are required if such informauon is needed to model accident progression :ocore damage.

As 4""M in Section 2.1.2. inclusi
on ofoperator actions in the medels is important. Due to the nature of shutdown

conditions more reliance may be placed on operator intervention. Thus. particular care should be given to the
incorporation ofhunum accons m the development of the event tree structure used to model th

e plant's response to any
parucular ininatmg esent. Plant opersang procedures should be exammed carefully to determme how they will impactthe cperator's response duru g an accident.

Gisen the time depuidency of the decay heat load, an LP&S PRA will exanune the systems for unique configurations
that may prove successful during shutdown conditions (e.g.. gravity injection. reflux cooling and alternate deca h t
removal system). If these system configurations are deemed success enteria, then the LF&S PRA will make use of

. y ea

the systems by further subdisiding a POS into different time wmdows. These time wtndows unich c
~

represented by sub-POSs. allow for mere realistic assessments of the impact of the decay heat loads on accident
, otId be

Regardless of whether these subdivisions are classified as time windows or sub-POSs. the accident
scenanos

-ee..e models contained in an LP&S PRA will properly atcount for the differences introduced mto the accidentsequence progression models.

The considerations associated with the modeling of accident dependencies and documentation are the same as thoseprovided in Section 2.1.2.
In addinon. application impact considerations, interfaces with other tasks. and

documentation are similar to those discussed in Section 2.1.2 for full power operation.
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6 PRA for Low Power and Shutdown Operations

6.1.4 Systerns Analysis

The LP&S consideranons are the same as those described in Section 2.1.3. It should be noted that during shutdown

condit ons the alignment of systems may be significantly different as compared to that of full power operation. main

instruments and indicanons may not be available. and consequentl a higher likelihood of human imtiated accidems3

may occur

6.1.5 Data Analysis

For this task. considerations are provided for identifying the data sources and models. selecting the data input needs.

quannfytng data parameters. and documenting the work only when they differ from or are in addition to those presented

in Section 2.1.4.

For selecting data mpot. the only modifications to the considerauons desenbed in Secnon 2.1.4 are as follow s:

In res iewing incidents for potential initiators. all mcit.:nts that meet the defmition of an initiating event as-

given in Section 6.1.2 are considered in an LP&S PRA. However, the frequency of these events will be'

different frrm the frequenc; .t full power opemtion Plant-specific operating experience during LP&S should
^

a used to estimate the frequency of these esents in each plant operating state.

In reviewing the incidents on component performance. all incidents that could affect the performance of-

equipment dunng the POS are considered in an LP&S PRA. In quantifying equipment reliability parameters
and common-cause failure probabilities. data from all plant operational states should be used to quantify these

parameters as desenbed in Section 2.1.4 However. each event should be considered to determine if there are

conditions such that the probability or rate of the failure event would be different depending on the plant

operanonal state.

In quantifung component unavailability from test and maintenance. only incidents occurring during the POS-

are included in an LP&S PRA. Only plant-specific operational experience during LP&S operations should

be used in estimating equipment unasailability. Addinonal consideration of concurrent unavailability and

plant operaconal procedu:es during each POS. outage times for redundant equipment (both intra- and inter-
~~

system) should be examined and accounted for based on actual plant experience.

It is sery likely that in a selected POS the configuration of some systems and components changes. The-

fraction of ume that a system or component spends in each possible configuration has to be estimated using

plant-specific data supplemented with plant specific operation procedures and cutage schedules.

Appbcanon unpact considerations and interfaces with other tasks . r: similar to those discussed in Section 2.1.4 for full

power operation. For documentanon. the onh addr.ional information to be repouco ano sw fraction of tune associated
with being in a parucular POS. the conditional probability associated with being in a specific system configuration.

end the informatior, used to generate these salues.
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6 PRA for Low Power and Shutdown Operations

6.1.6 Human Reliability Analysis (11RA)~

.

Gi'.cn the increased dependeng on the human for performmg actions during shutdown conditions, human interfaces

become even more entical in casing. preventing. and mitigating an accident than is the case during full power
i conditions.

The LP&S censiderations are the same as those desenbed in Section 2.t' .5. It should be noted that during shutdown

condi:icns. many systems mcy be m a con 5guration scn different from those during full poum opciaison. nway
instrumentation may not be available and a higher likelihood of human imtiated accidents can exist.

I

; 6.1.7 Accident Sequence QuantiGcation

- The LP&S considerations are the same as those described in Section 2.1.6.

4

6.2 Internal Flood Level 1 Analysis;

He purpose of this section is to describe the amibutes of a state <f-the-an intemal flood PRA for a plant during LP&S'

operations. Only those atmbutes that are unique to floods during LP&S operations are discussed. The PRA tasks that

are the same as those for a full power intemal Good PRA and LP&S internal events PRA are discussed in Sections 2.2

and 6.1. respectively.
"'

The approach used in performing a full power flood analysis PRA can be used for an LP&S PRA flood analysis.
,

| However. the differences between LP&S and full power operation have to be accounted for in its application. The

mam differences between LP&S and full power operation are the initial conditions of the plant defmition of initiating
,

events, and systems / functions needed to mitigate an accident. These are the subjects that are discussed in this section

: in terms of the key tasks of an LP&S internal flood PRA..

f The considerations associated with the potential impacts of the changes in CLB. interfaces with other tasks. and

docum-ntation of an LP&S intemal flood analysis are the same as those discussed for a full power PRA.
i .

.
6.2.1 DeGnition and Characterization of POSs

A mam difference between an LP&S internal flood PRA and a full power internal flood PRA is the initial conditions |4

of the plant. The initial conditions defined and characterized in the LP&S intemal events PRA. i.e.. outage types and
.

POSs. should be used in an LP&S intemal flood PRA.

6.2.2 Initiating Event Analysis
1,

A flood initiating event dunng i D&S conditions can be c'efined as a flood that causes an initiating event as defined |

i in the LP&S internal es cuts PRA. 1
i

l

The causes of internal floods identined in the full power intemal flood PRA should be evaluated, taking into I
'

consideration the unique plant configuration and operatmg conditions during LP&S operations to d_etermine their

j applicabihty to LP&S conditions. For example. a pipe section that is a source of flood for full power operation may
be isolated dunng shutdown conditions. If a source of floods is found applicable to LP&S conditions. the method of ;

!

<
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6 PRA for Low Power and Shutdown Operations

quantifiing its frequenev used m the full power analysi5 rhou!d be resiewed fer in appli::bility te LP&S cendmens
For example, a pipe section that is a source of floods during full power operation may be subject to much lower
pressure and temperature during shutdown. Therefore. the likelihood ofits rupture may be significantly different from
that of full power operation

in addition to those flood sources sdentified in the full power internal flood PRA. a review of the shutdown
corkarations of plant sysicms and the opctraing praccdarci usca durms LP&S opciations should be perform.:d to
identifs unique sources of flood < during LP&S condmons A piant walkdown durmg shutdour should aire be
performed to identify such sources of floods.

6.2.3 Flood Propagation |

The same approach as that used in a full power flood PRA can be used in an LP&S internal flood PRA. Flood
propagation modeling includes estimating the quantity of water tha' may be involved, identifying the pathways and
bamers for flood .,ropagation. identifying the failure modes of the components that would be affected by the floods.|

and estimating the timing of the scenarios. The unique shutdown conditions of the plant have to be taken mto |
|consideration. For example. the refueling water storage tank (RWST) inventory dunng refueling operation may be
|

significantly lower than that during full power operation and flood barriers including dams, floor plugs, ana anti-
reserse flow devices in drain lines may be remosed during shutdown condition.

6.2.4 Flood Model Development and Quantification

LP&S internal flood event trees should be developed by modifying the event trees developed for the LP&S intemal

events PRA The fault trees developed for the LP&S internal events PRA should be modified to account for the flood

induced failures.

6.3 Internal Fire Level 1 Analysis

The purpose of this section is to describe the attributes of an intemal fire PRA for a plant during LP&S operations.

Only those attnbutes that are uruque to fires during LP&S operations are discussed. The PRA tasks that are the same

as those for a fu!! power intemal fire PRA and LP&S intemal events PRA are discussed in Sections 2.3 and 6.1.

respeenvely.

The approach used in perfonning a full power intemal fire PRA can be used for an LP&S internal fire PRA However,

the differences between LP&S and full power operation have to be accounted for in its applicanon. The main
differences between LP&S and full power operation are the initial conditions of the plant. definition of initiating
esents. and systerastfuncuens needed to mitigate an accident. These are the subjects that are discussed in this section

in terms of the key tasks of an LP&S internal fire PRA.

The censiderations associated with the potential impacts of the changes in CLB. interfaces with other tasks. and

documentation of an LP&S internal fire analysis are the same as those discussed for a full power PRA

Draft. NUREG-1602 6-8
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6.3.1 Definition and Character! ration of Plant Operational: states

A main difference between an LP&S miemal fire PRA and a full power mternal fire PRA is the initial conditions of

the plant. The initial conditions defined and charactenzed m the LP&S intemal events PRA. i e.. outage types and
POSs. should be used in an LP&S internal fire PRA.

6.3.2 Initiating Event Analysis

A fire induced initiating event during LP&S conditions can be defmed as a fire that causes an uutianng esent as
defmed in the LP&S internal events PRA. For example. a fue that causes interruption of the residual heat removal

(RHR) system is a fue induced initiating esent. The definition of a fire induced iratiating event should be used in the

identification of critical fue locations of an LP&S PRA

fire frequency quantification should be performed in the same way it is done for full power operations. A fire
incidence database incluilmg incidents during shutdown should bt used. In reviewing the database. those events that
cre apphcable to LP&S conditions should be identified.

6.3.3 Identification of Critical Fire Locations

A entical fira location for an LP&S condition is a location of a postulated fue that would lead to an initiating event
and at the same ame affect the systems and components needed to nutigate the accident. The approach developed in
a full power fue PRA can be used in an LP&S fire PRA. The informanon collected during a full power fire PRA
including critical fire locations. provides useful background information for an LP&S PRA However. in an LP&S

PRA. a somewhat different set ofsystems and components needs to be taken into consideration, and the identification

ofcritical locations has to be performed based on the definition of applicable initiating events. For example. loss of
RER can occur due to a fire that affects the RHR system or its suppon systenu. Such a fire may not constitute an

ininating event for full power operation. To identify possible fire locations. tracing of the cables for the components
of these systems would be necessary. Similarly, the systems / functions needed to mitigate an accident during shutdown
are not exactly the same as those needed for full power opemtion. Therefore, the entical fire locations of an LP&S
PRA are not necessanly the same as those of a full power fire PRA.

6.3.4 Fire Propagation and Suppression

The same approach as that which was used in a full power fire PRA can be used in an LP&S intemal fue PRA.

However the shutdown cond2tions of fire bamers and systems needed for detection and suppression of a fire should
be taken into consideration. For example, a fire door being kept open during shutdown to facilitate movement of

equipment will impact the propaganon of a fire. and add;tional actmties during shutdown may increase the likehhood
of a fue oeing detected early.

6.3.5 Fire Model Development and Quantification

LP&S internal fire event trees should be developed by modifying the event trees developed for the LP&S internal
events PRA. The fault trees developed for the LP&S internal events PRA should be modified to account for the fise
mduced failures.

i
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6.4 Scismic Level I Analysis

The purpose of this section is to desenbe the attnbutes of an LP&S seismic PRA Only those attnbutes that are unique
to an LP&S seisnue PPA are discussed The PRA tasks that are the same as those for a full power seismic PRA and

LP&S internal esents PRA are discussed in Secnons ill and 6. L respectis el:

The approach used m perfomung a full power PRA can be usec l' r an LP&S PRA Howescr. the dallerences betueeno

LP&S and fall power operation ime to be accounted for in its application. The mr.in dificr...cc5 betueen LP&S and
full power operanon are the ininal con 6nons of the plant. defuution of uunatmg events, and sy stems / functions needed
to mitigate an accident. These are the subjects that are d scussed in this section tn terms of the key tasks of an LP&S
seismic PRA.

The considerations associated with the potential impacts of the changes in CLB. interfaces with other tasks. and

documentation of an LP&S seismic intemal fire analysis are the same as those discussed for a full power PRA

6.4.1 Definition and Characterization of Plant Operational States

A main difference bet.veen an LP&S .ismic PRA and a full power seismic PRA is the initial conditions of the plant.

The imnal con 6 cons cefmed and charactenzed in the LP&S mternal events PRA. i.e.. otitage types and POSs. should

de used in an LP&S seismic PRA.

6.4.2 Initiating Event Analysis

A seismically induced initiating event dunng LP&S condmons can be defmed as an earthquake that causes an initiating
event as defmed in the LP&S internal events PRA. The seisnuc-induced imtiating events should include loss of offsite

power (LOOP). loss of RHR. and LOCAs. Seismically induced fire and flood events should also be identified.

6.4.3 Identification of Structures, Systems, and Components (SSCs)
.

| The SSCs to be considered in an LP&S seismic PRA should not be limited to those considered in the full power

|
setsnue PRA This is due to the fact that the SSCs that either can affect an initiating event or are needed to mitigate

' an accident dunng LP&S operations are not identical to those considered in a full power seismic PRA. However, the

same approach as that used m a full power seismic PRA can be used.

6.4.4 Hazard Analysis

|
The hazard analysis performed for a full power seismic PPA can be used.

|

| 6.4.5 Fragility Analysis
|
t

The fragibty analvsis of an LP&S seismic PRA should account for the shutdown specine configuration of systems and

components. For example. the RWST may be only pamally filled during the retiteling operation and its fragility would

be significantly different from the case when it is full. and the steam generators are maintained at " wet layup" (filled

with water) and their fragility would be significantly different from that of full power operation

| Draft. NUREG-1602 6-10
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6.4.6 Mnde! Develnpment an ' Quant % ":~-

Seismic event trees for LP&S operations should be developed by modifying the event trees developed for the LP&S

intemal events PRA. The fault trees developed for internal es ents should be modtfied to include failures induced by

carthquakes.

6.5 Level 1 Analysis of "Other" External Events

Much of what should be considered for "othe'r" (e.g.. high winds. tornados. etc.) extemal esents durtng LP&S
operation has already been covered in Section 5.1.2 of this report The following covers additional considerations

beyond those already included in that section.

He inclusion or exclusion of"other" initiating events needs to be re-examined and may need to be altered because of

expected plant configurations or activities during LP&S operation. For instance, expected reconfiguration of some

bamers (opening of doors normally closed during fiill power op: ration). introduction of temporary equipment such

as scaffoldmg. periods of an open containment. fuel potentially in more vulnerable configurations than at full power.

ano inr6ction of new external hazards by personnel (e g.. caustic cleaning solvents. more vehicles owite. etc.) r.re

examples of w h> previously climinated "other" extemal events may need to be reconsidered for analysis.

Similarly. .'.: expected changes in plant configurations and equipment operability periods should be considered when ,

modeling the possible nutigation pathways and hence the success and failure scenarios sliould an external event occur. (
!

Addmonalh. the hazard frequencies need to be re-exanuned and may need to be changed in cases where they may be ;

affected by plant personnel. such as greater vehicle use affecting the frequency of transportation accidents. !

l

And fmally, the data values (or curves) for both plant equipment failure and human errors need to be re-examined to ;

account for such things as temporarv installations. possible temporary degradation of equipment less operability status |
indication for the operators and detrimental effects for some human performance shaping factors (more noise. crowded

condinons. etel

The considerations associated with the potential impacts of the changes in CLB. interfaces with other tasks. and
documentation of an LP&S "other" external event analysis are the same as those discussed for a full power PRA.

6.6 Level 2 Analysis

The object of the Level 2 analysis is to assess the potential for release of radionuclides due to accidents during LP&S

conditions.

6.6.1 Considerations for the Baseline PRA
.

Genenlly. the consideranons pro'ided in Chapter 3 for full power operation are also applicable to LP&S conditions.
However. it should be noted that,just as the equipment required to present core damage during the Level I analysis

can be affected by LP&S operating condition,s. so too can the equipment considered dunng a Level 2 analyus. If

certain recovery actions. e.g.. restoiation of RER pumps, need to be performed inside the containment after bulk

boiling of the reactor vessel inventory has commenced. the impact of environmental conditions inside the contamment
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'

on the chance < ofsuccess ofsuch actions need to be assessed in addition. the containment may be open during certsn
shutdown POSa. Rese factors should be accounted for in the Level 2 analysis; Funhermore. care should be exercised

i

when accotmting for the physi:al and phenomonological differences associated with the characterization ofradionuclide
_,

release during shutdown states.

The following are Lesel 2 considerations that should be esale:ited-

Les el 2 srstems -Containment systems. such as sprays. may not be required in some of the shutdnun POk.

As a result, they may be out of serv :e for extended periods of time. The status of such systems should be
identified

Containment status - In some shutdown POSs. containment closure is not required. As a result. personnel.

hatches. equipment hatches and containment penetrations may be left in an open position. The probability7

of an initially open containment has to be taken into consWration in the Level 2 analysis The possibility
that the operator would re-establish containment inte;mty subsequent to an accident initiating event has to
be evaluated Consideration should be given to the status of electric power. equipment. and material r.aded

to re-establish containment integnty.

Decay of radioactive isotopes - The tmpact oflow decay heat levels on acci&nt proeression in LP&S POSs.

and the decay of short lived radioactive isotopes which m. pact early health effect should be properly

accounted for.

'these key uncertatnnes are derived. in part. from the results of the LP&S PRAs (Refs. 6.1 and 6.2) as well.

as more recent statements of key source term uncertainties published by the NRC for light-water reactor

licensing purposes (Ref. 6 4) Configurations where air can enter the reactor vessel. such as when the vessel
head has been remosed for refueling. have been postulated to cause an enhanced release of certain

radionuchdes. The effect that air ingression has on the source tenn in such configurations needs to be

assessed and. ifimponant included in the Level 2 model

6.6.2 Application impact Considerations

The consideranons in assessing the risk impact of a change in the CLB are the same as those discussed in Chapter 3

for full power operation. In addition. the impacts on the shutdown specific issues discussed in Section 5.3.1 should

be evaluated.

6.6.3 Interfaces with Other Tasks

The interfaces between a Level 2 LP&S analysis and Levels ? and 3 analyses are the same as those for full power f
i

operation.

6.6.4 Documentation

The doctunentation requirement of a Les el 2 LP&S analysis is the same as that of a Level 2 analysis of full power

operation.

|
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6.7 Level 3 Analysis

The discussions provided in Chapter 4 for full power operation are also applicable to I.P& S conditions

_
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APPENDIX A. PRIORITIZATION OF SSCS AND HUMAN ACTIONS
,

A. ] Introduction and Objective

The objectives of this appenda are two fold. The ftrst objectise is to discuss the role ofimportance measures within
the risk-mformed regulatory framework. This a necessary because the frarnework does not e34 icitly rely on risk!

ranking methods for the acceptance of the proposed regulatort modifications. The second objective is to provide-
d:scussions on the folloumg ihree areas:

methods and limitations of quantitative prioritization.
*

techmques for quahtative prioritization, and
+

attributes ofan integrated approach to pnontization in support of risk informed applications.
-

Prioritization is typically performed both quantitatively and qualitatively. Quantitative prioritization is done based
on probabilistic ri.sk assessment (PRA) and by use of quantitative importance measures. Qualitative prioritization are
done based on the defense-indepth concept and by use of both PRA information and current deterministic safety
considerations. Regardless of the specific regulatory application. prioritization can be conducted as an intermediate
step to differentiate between the lugh safety significant'^ " and low safety significant components (HSSCs/LSSCs).
Relaung requirements for LSSCs is expected to have less aggregate nsk impact than if requirements are relaxed for
HSSCs. 'inis application of ranking (e.g.. relaxing requirements for LSSCs) does not guarantee that the acceptance
enteria are met. Hovever. importance measures can be used as a part of a systematic process of adding and removingcomponents from the LSSC list

Risk rankmg prosides an information base that can be used for implementation and monitoring phases of risk-informed
and performance-based regulatory altematives as dkemseM in Section 2.5 of DG-1061* This isbpecially important
in those applications where the nsk impact of the proposed changes in requirements cannot b
Quahtative engmeermg and operational reasoning along with a database of the importance measures can be used to

e accurately estimated.

helpjustify proposed changes to the current licensing bases. If the importance analysis indicates that a particular SSC
is an HSSC. then it probably is. on the other hand, if the importance analysts indicates that the SSC is not importa t
then this conclusion should not be accepted without careful investigation of the reasons.n.

The remainder of this appendix discusses the theoretical bases and physical interpretations for vanous importance
It also discusses the use ofimportance measures in nsk prioritization and identifies their potential

measures.

limitations. Utis general guidance is tailored to support specific applications, as appropriate and may be funher
described in application-specific guides ,

i

_.

^ Letter from A Thadani GIRR Associate Director for Technical Review)to C P t
-Tenmnology for Categonzing Systems Components and Structures m Risk-Informed Regulatory Appbcations " dated. ip on (Vice President. NEI).
May 8. I996

.

^4USNRC,"An Approach for Using Probabihsuc Risk t.ssessment m Risk-informed Decision on Plant-
Specific Changes to the Current Licensing Basis," Draft Regulatory Guide DG-1061 February 1997.
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A.2 PRA-Based Importance Assessment

Several differem imponance measures are typically calculated on the basis of PRAs ^''* * Some importance measures
t

use the numerical risk information contained in PRAs. these are referred to as quantitative imponance measures.

Quanctatise importance measures opically determme the change in nsk measures associa:cd with the failure or su: cess

of equipment or human actions. Here. risk measures refer to both core damage frequency (CDR and large early release

frequency (LERO. By contrast. PRA-based qualitative importance measures do not use the risk contribution
information, rather they use the logic information contained in PRAs. Qualitatise importance measures r3picali>
deternune the reducnon or merease m the number oflayers of defense agamst an accident as a result of the failure or

success ofequipment or human actions.

Defmitions of vanous importance measures. their formulation. physical interpretation, and hmitations are discussed

in this secoott Vanous sensitivity analyses are suggested to account for the known limitationsas' in using the results

of vanous importance measures. Some considerations for groupg of various equipment using the calculated

imponance meat res are summanzed.

A.2.1 Quantitative Importance Measures

~

A.2.1.1 Definitions ofImportance Measures

Fussell Vesely (Fl) and Risk Reduction Worth (RRH) Importance Measures

An unportant element of the results s la PRA is the soned list of the accident sequence minimal cutsets. For those

applications where PRA assumptions and data are not challenged. the ranked list of muumal cutsets could proside a

means for prionnzation. In some applications where PRA assumptions, model, and data may be questioned
(e g_. previously unrecognized motor-operated valve [MOV] failure modes in MOV testing applications), the PRAs

may first have to be updated.

The ranked list of accident sequence muumal cursets provides imponant insights concenung the combination of failure

esents that contnbute to core damage and public risk. This information could be used to establish defenses against

the major nsk contnbutors. A rankmg scheme using the nurumal cutset contnbution is the most straightforward. Since

the muumal cutsets are soned on the basis of their frequencies, one may decide to identify all components within the

scope of the applicanon that also show up in the dommant mimmal cutsets. Depending on the application, the

dommant minimal cutsets could be determmed based on their total contnbunon to risk (e.g., account for 95 percent

of the CDF for alj inicators from intemal and extemal events including shutdown PRA) Rankmg based on muumal

cutset contnbutions is typically performed in order to focus resources and refme the requirements to gain a significant

safety benefit.

^ 'W. E. Vesely and 1. C. Davis. " Evaluation and Utihzation of Risk Importances " NUREG/CR-4377, August
1985

^'W. E. Vesely, M Belhadj, and J. T. Rezos. "PRA importance Measures for Maintenance Prioritization
,

Apphcauons." Joumal of Reliabilitt Engmeenng and System Saferv. Vol. 43, pp 307-318.1994. |

|

^'W. E Vesely,"The Use of Risk Imponances for Risk-Based Apphcanons and Risk-Based Regulations! |

Proceedmgs of the PSA 96, Park City, Utah. September 29-October 3.1996
l
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i

The maior deficienes with this ran*cing scheme it its poor discriminanon canability For example, a component that
'

belongs to a cutset contributing 5 percent to the CDF will be ranked higher than a component that may belong to

seseral nurumal cutsets each contributing 1 percent or less to core damage, even though the net contnbution of all of

iese cutsets could be more than 5 percent. To overcome this deficiency. specific importance measures known as the
FV measure and RRW have been developed.

The FV measure is defined by the probat>ilities of the cutsers ce.tammg an event divided by the sum of all cutsets.

Mathematicallv the FV measure it calciitated by the change in risk when the component is unoperational minus the -

risk when the component is operational over the baseline risk multiplied by the component unavailability. That is.

FF=P(x)[E(R|x = 1) -E(R|x = 0)]/[E(R)]

where P(x) is the unavailability of component x," E(R) is the baseline expected risks, and E(Rix=1) and E(R|x=0)

are conditional expected risks when the component x is unoperational and operational, respectively. The conditional

and the unconditional expected risk are related based on the following probabilis:ic equeion:

E(R)=P(x)E(Rix=1)+(1-P(x))E(R!x C)

Substituting se auxiliary probabilistic equation for the FV equation would yield the'following result:

Fr= 1 -[E(Rix=0)/E(R)] = 1 -(1/RRIO

where RRW in the second term in the right-hand side of the equation is known as the RRW importance measure.

Therefore, the FV and RRW measures are closely related.

,

Either FV and RRW perform the same function as ranking based on muumal cutset contributions. but do so in a more

! refmed manner The primary objective of these importance measures is to identify components within the scope of the |

)
application that can result in the greatest risk benefit if more resc' trees are allocated to improve their reliability. An

example to illustrate the use of FV and RRW measures for relaxing requirements is discussed below.
i

The FV and RRW importance measures can be used to justify relaxation of requtrements when the effect of relaxing

I requirements can be estimated in tenns of component reliabilities. However, in this case. the analyst should first i
'

j assume that the requirements.are relaxed for all components within the scope of the regulatory requirement. The
'

impact of such relaxation on component reliabilities should then be estimated, and the PRA input data should be
undated The use of the FV measure with the new cas:line PRA can also identify components for which the 1

! requirements should not be relaxed. Relaxation of the requirements for the remauung components could then be
'

: justtfied. In the latter approach, the impact of the requirements is integrated into the rankmg analyses.
,

Birnbaum Measure (Bhi) and Risk Achievement Worth (RA W)
.

i

j The BM is simply the contribution of all cutsets invoking an event ,: divided by the nominal unavailability of that
l

j event. Mr. thematically, a single component BM is defined by:

!

l !
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where E(RlP,=0) and E(RlP,=1) are the expected risks when the unavailability of component x is set to zero and one.
respectively.

lb S.M r.d RAW :::e=:rs se closely related. B3 dnidmg the above ertuminn with the nominal expected risk. the
,

following relationship is obtained

[BM(r)/E(R)]=R4Hir)-(1/RRHtr))'

where RAW (x) is the RAW for x. and it is defined by the expected risk when the unavailability of component x is set
to one disided by tM expected nonunal risk value. Since RAW is 2sually much g> eater than one and RRW is usually
very close to one (but always greater than one), an approximate relationsbio fu RM would be as follows:

Rif(x)=E(R).[R4 W(x)- 1). .

This equation shows the close relationship between RAW and BM. However, it should"be noted that the BM is an
absolute measure ana it is not nonnalized with the expected risk (E(R)). This is in contrast with all other importance

measures discussed so far (FV RRW. and RAW). which are normalized by the expected risk. Use of absolute

measures would facilitate the companson ofimportance results for different sensitisity runs within a plant.

A fundamental probability relationship between the BM measure and the change in the expected risk as a result of a

change in component unavailability can be established using the following relationship:

,

SE(R)=Rtf(x).hQ(x)

where SE(R) and hQ(x) are the changes in the expected risk and the unavailability of the component x.

i A.2.1.2 Considerations in Calculating importance Measures

The theoretical bases of various imponance measures and their physical interpretations were discussed earlier. The

basis of the importance measures were discussed independent of the application. This section discusses practical

considerations for calculating the following component level importance measures:

truncation limit.+ ,

completeness of risk models.+

measures of risk.+

component fatlure modes.+

implicit contributors.+

explicit dependencies and 1+
'

implicit dependencies.-

.
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Consideration of Truncation Lintit

The tnmcation limit is an important aspect of a nsk evaluation and. therefore. plays an important role in the ranking

process. Some PRA codes are designed to provide an upper bound estimate on the frequency of the tnmcated cutsets.

These codes typically accumulate the frequencies of the cu; sets truncated in a residue bin. Therefore, it would be easy

to identtf) the fraction of nsk (e.g . CDF) captured gn en a probabilistic truncation limit. Truncation limits should.

therefore. be chosen such that at least 95 percent of the CDF or nsk is captured. Dependmg on the PRA level of detail

(module level component level. or piece-pan incli. this mas generalis translate into a cuiset truunon lima fra

1.0E-12 to 1.0E-8 (per year).

Another important consideration for detemumng a truncation limit is imposed by the FV measure and rankmg criteria.

As an example, if the numerical cutoff criteria of 0.1 percent (0.001) is proposed for the FV importance measure. a

truncation limit with enough resolution for estimatmg a FV of 0.001 should be at least 1000 times smaller than the

total calculated risk (or CDF). This would ensure the sunival of at least one muumal cutset after tnmcation with a
contribution of 0.1 percent of total CDF. However, the FV measure for a component is the summation of the
contribution of al! muumal cutsets containing that component. therefore. it would be important for more than one
muumal cutset to sunive the truncation. This would require that the truncation limit be lowered at least by a factor

of 10 to ensure appropriate coserage.

The third .onsideration for deternumng a truncation limit deals with the extent to which the basic PRA events are

covered by the PRA-generated minimal cursets that sunive the truncation limit. PRAs tipically model up to a couple

of thousands of basic events. Depending on the truncation limit. some of these basic events may not show up in the

fmal muumal cutsers generated by the PRA (i.e.. those that cunive the truncation limit). The importance measures
associated with these basic events then cannot be evaluated. T : truncation limit, therefore, must be selected such that

the fraction of basic es ents not accounted for in the fmal list of muumal cutsets is less than 10 percent of all basic

events. This tnmcation limit entenon could be application dependent. For example. in in-senice testing (IST)
application. 90 percent of all basic events related to pumps and valves modeled in the PRA may correspond to a

truncation limit of 1 E-11. Howeser. to satisfy the same critena for graded QA may require a much lower tnmcation

hmit (which may not be practical). Application-specific truncation criteria are re-sisited in each application-specific
guide.

In surnmary, three requirements should be met for selecting a probabilistic tnmcation limit for the purpose of risk-
based rankmg: ~

The tnmcanon hmit should be low enough to capture a large fraccon of risk measures (e.g., at least 95 percent*

of the CDF and LERF).

The truncanon limit should be low enough to ensure capturing components within the range of FV cntena*

ofinterest (e.g. 10-' multiplied by the total estimated CDF and LERF).

The truncation limit should be low enough to account for at least 90 percent of all basic events in the fmal.

set of minimal cutsets. This entenon may be too restnetive, and depending on the application may need to
be modified.

I
'
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Compiereness of the Rid Model

Importance rneasures may be calculated based on a portior, of the nsk (e g. for intemal events at full power) or the

overall plant nsk (intemal and extemal events mcludmg shutdown risk). Depending on the completeness of the nsk

model. quahtstive assessments (safety based) should be utilized for portions of the plant operation not included in the j

PRA assessment. When the importance measures are calculated. c:re should be taken in accounting for all contnbutors !

the Importance m:asure :s ne!! :s the appropr::te ne ma!:zetien (consistem with the PRA scope) When::
importance mcewes need to be calculated for oscrail risk. the results could be tat.21ated to show specific con:Hbutors

to the importance measures from the PRA scope (internal external. etc.) along nith the overall importance measures.

Considerations ofMeasures ofRisk

Imponance measures can be calculated for vanous risk measures (e.g.. CDF. contaimnent failure probability. and

|
release category frequency) Currently, importance measures are calculated for CDF and LERF. LERF covers all

scenarios invohing early containment failure and contamment bypass. Importance measures (both normalized and!

non-normalized) calculated at different PRA levels cannot be combined (summed).

Consideration of Component Failere Modes

A component can perform several different functions. each with its own aique failure m$les modeled in a PRA. For

| example. failure to open and re< lose could be two different failure : nodes modeled in a PRA for an MOV. Importance

measures can be calculated for all failure modes. Care should be taken in evaluating the overall importance of a

component (to avoid missmg some failure modes). The overall component importance measure and the contribution

ofeach ofits failure modes to the overall measure could be tabulated. Here. a combined measure could be used as the

overall importance measure.

Consideration ofimplicit Contributors

Many components are not explicitly modeled in PRAs; however, their risk contnbunon is implicitly accounted for.

For example. many components in the balance of plant are not explicitly modeled in the PRA. but their nsk

| contnbutions are implicitly accounted for through the frequency ofinitiating events. Some importance meuures could
| be calculated for the implicitly modeled components. ik component not explicitly modeled in the PRA. the analyst
! should first identify those basic PRA events that could be aNected by the failure or success of the given component.

In the second step, the analyst should determine the contribution of the implicitly modeled component to the
unavailability of the explici , modeled PRA basic events. For example, the importance of the rupture of a pine
segment not included in the i..el could be evaluated based on the failure of th.t modeled component located in that

segment. For those cases where such evaluation could not be performed quantitatively, qualitative evaluation
discussed later in this appendix could be used. The above 2-steo analysis would provide sufficient information for!

! calculating all types ofimportance measures discussed earlier for a component that is implicitly modeled in a PRA.

Consideration of Explicit Dependencies

Vanous types of dependencies are expbcitly accounted for m PRAs. For example, common <ause failures (CCFs) are

sometimes explicitly accounted for through use of CCF p:rameters (such as beta factors). Importance measures

! calculated for a component should account for the contnbutions from the explicit dependencies. In most cases. PRAs
j

are structured such that these dependencies could be easily accounted for in calculatmg importance measures

|
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.<r>ecireaih W measure. hames. this 4 not ab.9 the em rare should be taken to cnmre :ht dl & pen ?ar.-.

contnbutors are accounted for and the results ofimportance measures are tabulated to show the individual dependency
contnbutions.

|

Consideration ofimplicit Dependencies

Vanous dependencies are unphcit m PRAs. For example. many trusducers are explici ly modeled in PRAs as a pant

of actuauon logic and can also proside mfonnauon needed for succe>>fui manual u.iivu. On tie ciler lanc c.;

mstrumentation. monitors. or fault inicator, may not be modeled in the PRA information from these itcms may bc

needed for successful recosery actions. Care should be given to consider their impact on other (explicitly modeled)
basic events.

A.2.2 Qualitative Importance Measures

ravvbased qualitatise nsk ranking (QRR) is sometuno perfonned to show that defense-in-depth would not be
compromised as a result of changes in requirements or design. Here are two types of qu .!itative ranking designed

explicitly to address the defense-in-depth concept. nese are minimal cutset ranking (MCR) and nummal pathset
ranking (MPR). Since in most cases these two methods provide consistent results. on]v the MCR method will be

discussed here. A simplified system block diagram (Figure A.1) is used to facilitate the discussion of this ranking
method.

..

X1 X5- =

" X3~ ~

w
"

X4=
<

i

Figure A.1 Example system block diagram for discussion purposes

Minimal Cutset Ranking (MCR)

Le MCR method ranks corupoiwu based on the lowest order of the mmunal cutsets when the component is removed.

He lowest order of the muumal cutsets (number of elements in the minimal cutset) associated wtth the above system

(Figure A.1) is one, and there is only one muumal cutset of order one (failu e of X3 will render the system inoperable).

If component X3 is removed. the lowest order of the nummal cutsets would er zero. However, if any other component

(e.g.. X1. X2, X4. or X5) is removed. the lowest order of muumal cutsets would be one and, in all cases. there would
be two mm. mal cutsets oforder one. Berefore. we infr. ;t. X3 is structurally more important than other components.

The following procedure is typically used for MCR:

For each component or basic event. the minimum order of cutsets (m) and the number of unique muumal-

cutsets with that order (n) is determined when tne basic esent is set to true. For this application, the order

A.7 Appendix A



.

Appendix A Pnontizatm of SSCs and Human Actions

of cutsets is determined bs excluding all recevert actions and the initiating events O e.. the curset rank is
based only on cornponent failures).

The components are then ranked based on the increasing values of m (i.e., the lowest order of minimal
-

cutsets) For those basic events that have the same value of m. the ranking would be based on the decreasmg
value ofn (the number ofmmtmal cutsets with the lowest order). This step is typically done for each mitiatorscparaici)

MCR is a qualitative method and does not rely on the probability or quantitative risk as a result ofremosing a basi:
event from consideration. It can be used as a supplementaljustification for quantitative importance ranking.

A.2.3 Considerations for Ranking Using Itnportance Measures

One application asa considered for use ofimportance measures a nsk ranking. Risk ranking applications involve
relative rankmg of all components based on their importance measures. a~4 *quent binning of the components
in two (high and low) or three (high. medium. and low) classes Th: binning is usually performed to allocate

the high bin category and may relax reouiremects for components m the low bin category I thicommensurate with component grouping. This may also result in enhancing the requirements for the components in
resources

be taken to ensure it. : relaxmg req ments for components in the low bin category could not potentially degrad
.n s regard. care should

plant safety or multiple lines ofdefense. e

The remainder of this section identifies special considerations for risk rankmg includmg those resulttng from
hmitations ofimportance measures pertainmg to rankmg applications. This section also prosides recommendatio
to deal with following issues in order to ensure that the components in the low bin category illns

not degrade safety:w

multiple component considerations.
-

consideration for defense-in-Jepth.
+

consideration for allowable plant configurations.
-

consideration for bmning entena. and
-

consideration for uncertainty evaluation.
-

Afultiple Component Considerations

For those components assigned to the low risk category, the ag;regate impact of changes in requirements of m lti l
components on safety should be assessed. For example, a set of MOVs may be in a low category since each MOV

u pe

indisidually does not have a significant importance measure. If the requirements for this set of MOVs are h
however, the failure rate of each indisidual MOV may increase. The aggregate impact of the increased failc anged.

for all MOVs might contribute significantly to risk. He underlying reason could be the appearance ofure rates

combination of these MOVs in the same cutset. He multiple componer.t :... some
'

combination of these MOVs rrdght be risk significant (therefore. requiring them to be shifted to a higher cat
designed to identify which

,

It should be emphasized that this concern about mu!ttple components is also valid foi components of diffegory)

as long as they show up in the same cutset and are assigned to thc- low risk category One acceptable way to dd
erent types.

this issue is to idennfy all nummal cutsets containing at most one cociponent from othe
. a ress

If sucn a nummal cutset exists some of the low category components should be moved to a higher bm to e
r categories (high or medmm).

I

ai least two or more higher category components are in all muumal cutsets. nsure that
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Considerariort for Defense-in-Deprio degraded and
1e sat multrph 1mus of 6 fense are not

u:memts cr.che low category components:The followmg sensitivity analyses are recommended to enst:
defense-in-depth concept is not compromised as a result of relaxing the reqe[ which requirements are not

f

Ensure that all mmimal cutsers contain at least two component failures orf defense m cach cutset not affected by the regulatory
'

relaxed. Tlus ensures that there are at least two lines oi ed at medium or high i*

changc (Either outside the scope of dw oppka:i= cr estc;cr z
rimary pressure boundary, safety

f

Identify sets of contributors associated with major lines of de ense, pfuncuons. and contamment systems. Prioritize the contributors within eac se
t to assure a balanced coverageh

+

of alllines of defense.

Considerationfor Allowable Plant Con) urationsbe dovn simultaneously for repair or other

Plant Technical Specifications (TS) rJJow two or tnote components tomammg components proside adequate safety protection.
high rehability may not be ensured. Theh

acovines. The embedded assumption in the TS is that t e refety are maintained during all allowable
h

If these remainmg components are assigned to the low category, t eirfol!er.ing analyses could be performed to ensure that multiple lines o saf

ConfiguraMns. d by lant TS that result in accident

The applicant should first identify those configurations that are allowerized as LSSC (excluding the initiator).
ents should be tuoved to the

sequence muumal cutsets composed entirely of components categoSuch configurations should be prevented. or some of the low category componategory components during suchl

high category to ensure that no minimal cutsets totally rely on ow c
configurations.

Consideration for Bbsning Criteria may vary from one application to

The cutoff cnteria for binning components based on their importance measuresh that the total risk increase as a result of relaxing
another. Nonetheless. these entena should be determine sucple, relaxing certain requirements could increase

d

by a factor of 2. At the same time, the total risk increase as a0 percent of the basehne core damage frequency. Therequuements for low category components are controlled. As an exam
the unavailability of the afected components at most

l basic events assigned to LSSC bin when theirresult of such relaxation is planned to be cont elled under 1
h 10 percent of the baseline CDF. 'Ibe bmning enteria.binning enteria then should assure that the contribution of al

unavailabilities are increased by a factor of 2 stays bebw t ed the expected changes in the unavailabihties of the affectedi
therefore. could vary dependmg on the applicat on an
components. ff critena based on an indwidual FV
The above procedure and criteria for binning are more appropriate than cutof the relaxation in tenns ofincreasing the component
measure. Ytus process also explicitly accounts for the mpac olication to another (and even within a spec:fici t

unavnilability; therefore, the cutes enteria can vary from one appd

application) dependmg on the extent of relaxation requeste .
.
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Appendn A Pnontization of SSCs and Human Acuons

Considerationsfor (incertainrr Galuation

The effects af PRA uncensinties on the risk importance measures and their utilizanon need to be addressed. Even

though formal uncertamty analysis can be performed. such an evaluation may not be necessarv. Sensitisity analyses
j

could be performed as a substitute for a formal uncena nn evaluation The following sensitisin analyses are designed

to reseal any addidona! high risk or margmal nsk importance th:t could occur under different plausible assumptions

or scenanos wh::h then can b: m:!cd:d m th: h:gh:r :!:ss as a precounon agamst PR A onemmnte
|

Component-Specific Sensuivay Analyses

This sensitivity analysis is designed to address the failure rate uncertainty of a component and its potential impact on

rankmg. For those components that are ranked low, a sensitnity analysis using the 95th percentile of the unavailability

distnbutions of the components could be performed to determine the impact on FV measures. This could be done for

each component or human error individually. The unavailabilite of some components with large uncertainties such

as check s alves. could cause them to shift from the low to high categories. If this occurs. the components could be

shifted to a higher categon to account for the uncertainty distribution.

Sensitiv O* Analysesfor a Componen: Group

Sensitivity analyses are designed to address the correlated change m o failure rate of a [roup of components. The

sensitisity analyses could also address the correlated changes in the failure rate of a group of components from such

causes as aging and wear. For a group of components (e.g.. breakers), identify those that are bmned in the low
category. Increase the mean failure rate of all selectal components in a manner consistent with a generic error factor

associated with the component type Identify those components that are shifted to a higher category for further
consideration to be removed from the low bin category.

Sensitivi0- Analysisfor CCFs

CCFs are modeled m PRAs to account for dependent failures of redundant components withm a sy stem. Dependencies

among similar components performing redundant functions but across systems (in two different systems) are generally

not modeled in PRAs. Component-level importance measures (e.g. RAW. RRW, and FV) are typically calculated

based on assumed nommal values of modeled basic events. Some component importance measures (i.e.. FV measure)

could account for the direct risk contributions from associated basic component events, such as failure to stan and

failure to run, and indirect contributions through the impact on the probability of other basic events (such as human

errors. recoverv actions. and most imponantly CCFs). Therefore. a component may be rarled HSSC mainly because

of its contnbution to CCFs. or a component may be ranked as LSSC mainly because it has negligible or no
contribunon to CCFs A component may be ranked insignificant either because of omission of CCF contributors or

because of the assignment of an insigmficant CCF contributiort Thus, remming or relaxing requirements may increase

the CCF contribution. thereby changing the rankmg order. The following approach ensures that relative rankmg of
components include proper consideranon of the CCF contnbutions:

If a component is ranked low because the CCF is not included in the PRA model, resisit the CCF models to-

ensure that the assumption of no CCF is valid (especially under the potential relaxation of requirements for

! low risk components).

!
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used in PRA quannfication for this case run. Identify components that shift to a higher category. To defend
-

against the uncertainties associated with CCF contribution. these components should be treated as higher
category components.

Sensinvity Ano!ysis for Recovey Actions

H quanma
PR A< typeally model reemery action < especiaHy liu A, sum acdhet <rt;aences (5v m' for 9
Quantification of recosery actions typically depends on the time available for diagnosis and perfonuig se acnua.
traimng. proceduces. and knowledge of opsrators. There is a certain degree of subjectivity involved in estimating the
success probability for the recovery actions. The concerns in this case stem from situations where very high success
probabilities are assigned to a sequence, resulting ir related components being ranked risk insignificant.

Senritisity analyses can be used to show how the SSC ranking may change if one removes all recovery actions (setting
usu failure probability to onel The objective is to detet . tine if a component that was ranked low will move up to
a high or medium risk category. If so. the component should be removed from 1e low category.

A.3 Safety-Based Prioritization

ne major objecuve for safety-based prioritization is to evaluate and identify those areas where proposed regulatory
changes may result in potentially undesirable saferv degradations which cannot be ea'sily shown with the PRA-based
prioritization. His could include those iteme (SSCs and human actions) that either are not explicitly modeled in PRA
or are not within the current scope of the PRA. It also could include those safety concems that are not captured by the
severe accident risk typically modeled in PRAs. Specific areas of safety concerns are defense-in-depth and the plant
safety margins. The specific issues to be addressed are discussed below.

Defense-in-Depth

To assure that the philosophy of defense-tn-depth is maintamed the following should be examined:

Assure reasonable balance among prevention of core damage, prevention of containment failure. and
1.

consequeta mitigation.

Compliance with decision gmdelines for CDF and LERF could assure to a great extent balance between the
prevention of core damage and early containment failure. Considerations for emergency planning and
potential for late contamment failures should also be accounted for to assure that these mitigative features and
the associated SSCs are not degraded by the proposed change.

2. Avoid overreliance programmatic acrisities to compensate for weaknesses in plant design.

| Here could be instances that meeting the quantitative guidelines for CDF and LERF are suongly dependent
-

! cn the cred:t taken for programmanc actisities. Ovenetiance on programmane actmties such as mamtenance.
,

surveillance, and recovery actions to mmynte for the proposed change should be avoided. The sensitivity

analyses on the recovery actions proposed earlier and the data related discussion in the body of this report
|

f
could be used for addressing this issue.

A-11 Appendix A
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3 Mamtain system redundanct mdependence. and diversm

he quahtative PRA results. i e., the accident sequence mimmal cutsets. show what combinations of passne
and actise failures would cause core damage or radioactivity release. and thereby reflect dire:tly on the

defense-tndepth concept. The mmimal cutsets can show the effective redundancy and diversity of the plant

design. Quahtatne PRA results should be used to demonstrate that system redundancy. independence. ard

iscrsny at: mamt mcd conn:nsurat: v.ti 6 e .pacud frequen:) cnd censequen::s of cha!!enges e th:

sy stem.

4. Maintain defense against potential CCF and the avoid mtroduction of new CCF mechanisms.

Relaxation ofprogrammanc activities could exacerbate an existing CCF mechanism or could introduce new

sources of CCFs. Even though the CCF treatment is reserved for CCFs within a system. here we are concern

about thc 'CFs across systems, i.e., uncurrent trends of d:;rading reliability cmong a set of components forc

which requirements are relaxed. |
|

|

S. Independence of barriers is not compromised.

Generally. ^e barners are ~ssise and of such a diverse nature that changes in re,quirements are unlikely to

cause them to fail or degrade dependently. However, there are some failure mechanisms that could be of

concem under certam apphcation specific proposals. One such mechanism, which could cause failure of more

than one defense-in-depth barner, is the CCF mechamsm. For example. if a new CCF mechanism is
introduced for both inboard and outboard isolation valves, then pnmary coolant rupture outside the

contauunent could bypass the contamment. In tlus case, the potential could exist for failure of two defense-in-

depth bamers even though highly unlikely. Identification and proper application specific treatment of such

mecharusms capable of failing or degrading multiple barners should be considered in proposed chc ges.

6. Defenses against human errors are maintained.

Considerations to avoid overreliance on human actions for protecting the core and the defense-in-depth

barners were discussed earlier. Defenses against human errors which under a change request may become

more likely and concibute significantly to nsk should also be taken. The proposed changes and its effect on

potennal human e: Tors should be assessed. Careful attention should be paid to those cases where a proposed

change could tmpact the perfonnance and reliability of those equipment used by the operators to perform the

necessary a:tions. e.g.. lighting. communication devices. instrumentation and control desices and other

operator aids. such as alarms and displays.

Safety Margins

4
To assur: adequate safety margins are maintained. the following :hould be exammed:

1. Code and standards or alternatives approved for use by the NRC are met.

Specific considerations outimed in application specific guide should be followed to assure that the proposed

changes are not m confhet with NRC approsed codes and standards (e.g. ASME standard referred to in 10

CFR Part 50.55a).
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2 Safety analysis acceptance entena m the Fmal safen Anaipic Repon iFSARe uie mei

The impact of the proposed changes on the assumptions. initial. and boundary conditions used for FSAR

safety analysis should be examined to assure the changes are within the acceptable limits and the existing

safety margins are maintained.

There are other qualitatise considerations that need to be examined to assure that categorizing a component as a LSSC

will not result in an adverse saferv impact There <hnuM be as least nne sei nf supponmg ASCs shar are caic ;onmi

high and could prevent the occurrence of the initiators and the failure of the supercomponents that are modeled m

PRAs. This is one way ofassunng that the low frequene:es for the imtiators and high reliability of supercomponents

that are. credited in PRAs are maintained ' specially when they are either of high or medium importance The

exammation of the following questions can help rne qualitative prioritization of those SSCs not explicitly modeled in

PRAs:

1. Can the failure of the SSC result in the eventu:1 occurrence of an initiating event?

2. Can the failure of the SSC result in a failure of a supercomponent that is modeled in the PRA and expected

to be either nigh or medium SSC?

3. Does the SSC belong to a set of redundant components such that they are susceptible to a CCF and their

failure could cause eventual failure of a supercomponent or an initiator in PRA which is expected to be either

in high or medium categories?

4. Does the SSC belong to a component class in which relaxing the requirements may significantly impact its

reliability (e.g.. the role of periodic overhaul in circuit breakers)?

5. Can the SSC support operator and recovery actions specially those credited in the PRA?

6. Is the SSC currently included in the scope of current regulatory requirements?

7. Does the SSC play an unportant role in the post severe accident activities (e g.. monitonng)?

When an SSC is categorized based on qualitative considerations. discussion should be provided on the SSC function.

reasons for selecting the category. why it was not modeled in a PRA. and the potential impact of proposed changes

ifany.

A.4 Integration
.

Following the earlier discussion. an SSC or a human action may be assigned to a category by a quantitative PRA-based

pnoritization, a qualitanve PRA based prioritization, or a qualitative safety-based prioritization. An integral list of
SSCs and human errors belonging to a given category taking into account theses different prioritization methods needs

to be constructed for most of the applications. A process for this integration is summanzcd below.

.
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Combined Quantitative List

Results of the quanntante pnontization using the baseline PRA (based on CDF and LERF) are combined simply by
identifying as HSSCs based on either CDF or LERF. . Low risk significant list (LSSCs) is comprised of items common
to both CDF and LERF. A combined list of the HSSCs and the LCCSs that are covered by the scope of the nsk-
informed application and arc within the scope of PRA then could be constructed

Combined Quali:ative List

Jtems (SSCs and human actions) within the scope of risk informed application under consideration and not identified
I

in the combined quanutative list as high nsk significant would be the subject for qualitative prioritization. Qualitative
j rankmg (as described in Sections A.2.2 and A.3) would include both the qualitative PRA-based and the qualitative

safety-based items. Qualitarise ranking is done based on examination of the PRA muumal cutsets, defense-irslepth
comideranon. safety margin consideration, and general safety consideration. especially for those items that are either
not explidtly modeled in the PRA or not within the scope of the PRA. Items examined by different approaches for
qualitative rankmg that are identified as high safety significant are combined and listed. Contriburmg factors art the
reasons behind this rankmg should be documented.

Integrated List ,

Those items identiSed as HSSCs (quantitative) and those identi5ed as hig'1 safety sgrtificance (qualitative) could be
combined tnto a more comprehensive safety significance list. All remaining items within the scope of the application
then could be hsted in a less safety sigm6cance item list. .There could be some instances where an additional category
such as medium safety significance is defmed The process ofintegration described here could still be applied.

Use of the Integrated List

The integrated HSSC and LSSC lists could be used to identify the candidates for either risk benencial changes or
potennal regulatory relaxanons. Compensatory measures could be considered for those items in the integrated more
safety significance list since substantial risk reduction could be achieved. Regulatory ielaxation could he considered
for those items in the integrated LSSC hst smcc major sadng in resources could be obtained without degradmg safety.
The lists of high and low safety significant (HSSC/LSSC) items are expected to be robust and should not change
significantly as a result of the proposed changes. However. if post change rankmg indicates that some items have
shifted from low safety significant to high safety significant list, those items should be considered for performance

motutonng and phasing in implementation of changes.

|
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APPENDIX B. PRA PEER REVIEW

An i=k-bnt peer rniew is a way ofassunng the adequacy of the probabilistic risk assessment (PRA) used in risk-

infonued regulatory applications and to examine the validity of the nsk impact estimated for the proposed changes.

His appendix discusses the objo:tives and scope of an independent peer review and describes an example process for
conducting the peer resiews.

B.1 Ob.iective3 of the Review

I=k~~ bat peer rniews are performed to address both the adequacy of the PRA used for a risk-informed regulatory

submittal and the validity of the estimated risk impact resuhing from the proposed changes. The peer review is a

means of assuring technical quality of the PRA and its applications. He sut. ject of peer review is further addressed
in NUREG/CR-6372*" The speciEc goals of the peer review are:

to determine the adequacy of the baseline PRA to cupport one or more types of applications,
+

to detemune the validity of the input informadon sources, assumptions. models, data, and analyses forming
-

the basis for the proposed change (or charges), and

to determme the udidity of the results obtained in the analyses and the corresponding conclusions related to
a

the proposed change (or changes).
,

To provide assurr. ace that de approaches were generally applied appropriately, the peer reviewers should compare the
basehne PRA agamst the amibutes listed in this report and perform spot checks on each portion of the baseline PRA

and its risk-informed ::pplication. He peer resiewer should report those problems that are signi5 cant enough to
change the conclusion ofwhether or not a proposed change (s) is risk significant. The peer rniewers should separctely

note problems that would not change the conclusions for the particular change being proposed but are expected to be
significant for other changes that might be proposed in the futur .

B.2 Review Team Composition and Qualifications

The peur seviews will nonnally need to be performed by a team, rather than sa individual, because the basic tasks in

the analyses genendly involve experuse in multiple disciplines. For the PRA peer rniew and dependmg on the scope

of the baschne PRA, experts may be needed in the following areas: systems analysis, data analysis, human reliability
analysis (HRA), severe accident phenomena (if a Level 2 analysis was performed for the submittal), source term (if

a level 2 analysis was performed for the submittal), consequence modeling (if a Level .2 analysis was performed for

the submittal), seismic analysis (if part of submittal), fire analysis (if part cf submittal), and for analysis of"other"
external ntnts as appropriate for the plant site.

Each peer reviewer must have experience with nuclear power plants in performing the PRA task that the rniews is

assigned to review. His experience is expected to inci'ide knowledge of typical inputs, assumptions, methods and
whnim, models, scope, lesti ofdetail, data ard form of results for the assigned review area. He rniewers should

be cogmzant of the issues addressed in 61is report and understand the impact of the delineated attributes on the quality

''' Senior Seismic Hazard Analysis Co.nmittee Report," NUREG/CR-6372, to be published,1997.
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Appendix B PRA Peer Resiew

ofFRA Re rniewers should also lave a: kast a general familiarity wid de plant design b:ing analyzed. At kast

one member should have a good knowledge of the specific plant and its operation.

B.3 Review Process and Considerations

He peer re iew proceeds in two phases. In the first phase, the adequacy of the baseline PRA to support tha intended

applications is determined in the second phase, the use of the baseline PRA for estimating the risk im,oact for one (
I

or more applications is reviewed. It is more efficient to conduct peer renews 14 an inte. active manner, especiaffy
before the completion of the application. In the second phase resiew, the peer rniewers could accept a previous peer
review team's conclusions for the baseline PRA model but would examme any pre iously unsresolved issues that were j

h==ti by the previous peer review team (s) to determine whether they are important for the current application.
He peer reviewers also examme any changes made to the baseline PRA to determine the acceptability of the change, ,

and the reasonableness of the results. A meetmg of the review team would begin with a discussion of the proposed

change, to ensure that the team has a good understanding of the proposed change and its implications.

%e two major functions to be performed by the peer reviewers a.,: to determine if the analyses are acceptable, and the

resub are reasonable. The peer rniewers should substantiate their conclusions. These two peer review functions are

applicable for each PRA tasks an! "or both of the two resiew phases.
-

The first function of the peer review is to examme the inputs, techniques, and analyses for the PRA. In performing
the rnicw, auention is given to the completeness and the accuracy ofinformation so that the PRA reflects a realistic

picture of the as-built, as operated plant. The analyses assumptions are based on the use of plant walkdowns,
controlled documentation concerning the plant design and operation, involvement of plant staff, and a " freeze date"

for the analysis (including any updates). The peer review would examme the analyses inputs to determine that the

sources of data are justifiable and traceable.

The second function of the peer rniew is to verify that the results of the study are reasonable. The peer resiewers

compare the results against studies from similar plants. Major differences are identified and rationalized. Selected

portions of the study, especially those with significant impact on the conclusions of the study, are selected for

independent re-evaluation.

He comments wesi by the peer reviewer would be documented and specific recommendations highlighted. The

utility response including their commitments regarding potential modifications to the analyses would also be

documental for future reviews.

The following provides a summary discussion on the major inputs and outputs to the baseline PRA tasks that are

exammed by the peer review team. The le el of detail for the review should be commensurate with the scope of the

applications. A list of example issues and considerations for : valuating the risk impact of the proposed changes on
a Level 1 internal event PRA is provided in Table B.1.

I
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Table B.1 ' Example ofissues and considerations for risk impact evaluation of proposed changes j
\
,

Level 1 (Intemal Event PRA)

Initiating Events
Does the application introduce potential for new initiadng events?*

Does the application address changes that lead to a modification of the initiating event groups?
;

*

|Docs ic :pplicatica necessitste s re sses::nent of the frequencies of the initiating event groups?*

.

Success Criteria
Does the application necessitate modtfication of the success criteria either for support or frontline systems?*

.

Event Trees |
Does the applicanon necessitate the introduccon of new branches or top events to represent new conceras not

|
*

adequately addressed in event trees?
Does the application affect the dependency among the event tree branches thereby requiring re-ordering of

j
+ ,

branch points?

Synem or Component Reliability Models
uoes the application impact system urmsilabilities in ways that underestimate the reliability results predictedi

|
* ^

by the current simplified models ?
|Does the application impact the support fur.ctions to systems and components in such ways as to alter the*

dependency in the models?

PRA Data
Does the application change the conditions and environment under which systems and/or components are*

headed such that the current failure rates may need to be changed?
,

Doco the applime= changes the failure rate: such that the previous plant-cpecific data may not be adequate?|

Does the application changes the data such that it may require additional test and data analysis effort?
*

.

Dependent Failure Analysis |Does the application introduce the potential for new common cause failurcs (CCFs)?.

Could the application changes tiw CCF component groups already modeled in the PRA?*
-

Could the application affect the CCF probabilities? How is this addressed?*

Human Reliability Ane. lysis
Does the soplication involve procedure changes?a

Could the application introduce new human crm potentials?.

Does the application change the available tirae for human actions?
-

.

Does the application affect the recovery actions?*

Appendix B
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Level 1 Modeling

De items to be exanuned for the owrall examination are discussed first. He documentation that should be fumished
to the review team is diemsced in Chapter 3 ofDG-1061(82) and throughout various chapters in this report. The items

for review for the overall exammation are:

The initiating events included in se PRA are sesiewed to assess &c comp!cteness of me initiators consid: red,*

to assess whether the basis for excludmg any uuttators is adequate to check for new initiators introduced by

the proposed change (s), and to detemune the reasonableness of the initiator frequencies used in the PRA.
i

I Le reviewers consider whether the success criteria for each initiator is reasonable, check the impact of |
|

| proposed changes in these criteria, ar.d determine if there is an adequate basis for any success critena that |
*

is not typical for the type of plant t,eing resiewed.

The ac-ident sequence models are exammed to deter nine whether the plant response to the initiators are+

appropriately accounted for in the event trees.

The modeling of systems is reviewed to determine whether the failures considered are comprehensive..

Operability during accident and harsh environments (e.g., trip points for reacter c_ ore isolation cooling system)
would be considered as well as the completeness of the faiwc modes (e.g., failure to start, run), including

common cause failures and human errors.

ne system dependency matrix is resiewed to assess whether dependencies are appropriately considered in+

the PRA.

De operator actions that are included in the PRA, the failure probabilities for the acnons, and the basis for*

excluding ac: ions from the analysis are reviewed to determme the completeness of the analysis and the

reasonableness of the probabilities estimated for each operator action (in the baseline and post change case).

While the peer review is not expected to provide a detailed review of all failure frequencies / probabilities used| .

in the PRA, the methods used for determuung the failure frequencies / probabilities (including common-cause

treatment) are exammed The adequacy of data sources are also assessed together with the failure

frequencies / probabilities (including common-cause values), and the associated uncertainties.

De adequacy of the quantification method, including the screemng criteria, cutset truncation level, and use.

of recovery actions are addressed.

1

De devey.wa ofplant ope atmg states (POS) and the calculated fraction of time in each POS is reviewed.

if the PRA includes a low power / shutdown evaluation.

82USNRC "An approach for Using Probabilistic Risk Assessment in Risk-Irformed Decisions on Plant-
Specific Changes to the Current Licensing Basis," Draft Regulatory Guide DG-1061, February 1997.
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s

If c f. : .r.c!pi: it i .:!d:!i- i.. no. a +e ra%; ; ht avwined-*

-

development of fire areas / zones, including the basis for screening.+

adequacy ofcable tracing, including adequacy ofjustification provided by utility for any cables not-

traced,

adequacy of damage modes considered in the analysis.- 4

adequacy of fire propagation analysis, including treatment of fire suppression and banier fallac-

|- picbsbiliti::, en:! '

adequacy of HRA models.' -

?
If a seismic analysis is included in the PRA, the adequacy of the seismic hazard curve used in the PRA is4 =

miewed. "Ihe miewers also examine the approach used to calculate component fragilities and the calculated

sagilities for reasonableness
i

L .upplement the items listed abost, the L%t r :er reviewers also perform detailed spot checks of selected
acudent wrpar* =*1< (e.g., event trees), systems models (e.g., fault trees), ar.d the associated quantification. The
reviewers are also expected to spot check the documentation of plant walkdowns (done for any operstmg mode and

for internal or external events). J
'1

Level 28 Modeling

The review needed for the I.evel 2/3 analysis will depend on the approach used by theiicer.see If the licensee chooses;

to use the simplified apprr>ach described in Appendix B of DG-106L then the miew will only need to consider the
appmsch used to map the Level I results into the simplified event trees (unless the peer review team judges the DG-
1061 Appendix B partitioning factors to be inadequate). If a fdl Level 2/3 analysis is perfonned, the miew team will
need to evaluate the adequacy of the Level 2/3 analysee relative to the attributes describc d in this NUREG report

if the simplified level 2/3 treatment is used, the following wculd be checked:

Examme the criteria used to group the icvel I cutsets into categorirs for calculating the split fxactions for the-

system response branches in the simplified event tre s to assess whether or not the Level I results are
appropriately charactertzed for the level 't results.

Review the approach used to calculate the split fractions to ensure they are calcula',ed correctly and exanune*

the calculated split fractions to deternune whether they appear reasonable,

If a fulllevel 2S analysis is Mo....d. the following would be checked agamst the attributes provided in this report:

E-i- the criteria used to group the Level I cutr.us into appropriate plant damage states..

The event trees (or equivalent system models) are miewed to deternune whether the treatment of sestre
accident phenomena is comprehensive for the plant under consideration. The treatment of systems and

*

phenomena are reviewed, including the basis for probabilities, to determine if they are consistent with the
attributes providedin this report.

The contamment failure modes and the associated probabilities are resiewed to verify they are reasonable..

Appendix B
B-5
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Aptedix B PRA Peer Resiew

ne source term a: d enntequence snodeling and inputs are reviewed to detennine whether thev are consistent+

with the attributes provided in tius document.

He process used to bin results for the Level 25 analysis are checked (e.g., plant darnage states, accident
progression bins, or source term groups) to ensure that the grouping maintains the separate effects of the key

+

factors affecting the results. Tae actual mechanics of the binning are examined for selected cases to determine
whcthcr the calculations were performed ccrrectly.

Review ofPRA Results

in addition to resiewing the inputs to the PRA, the peer review team would also pro.ide an independent evaluation
of the sensibility of the results. He resiew would focus on the appropiiateness of the identified dormnant accident
sequences, and wh:n a full Level 2G analysis is performed, the containment failure modes, releases and consequences.
The resiew woulh!so consider whether the aspects of the plant design, operation, and maintenance that are found to
contribute most to risk in the PRA are reasonable. The results examined w

Re top cutsets are scanned, looking for unreasonable combinations of events.+

%e sequer.:e level contr". . ions to CDF calculated before and after crediting recovery actions are scanned+

for reasonableness.

The total plant CDF (including uncertainty) calculated before and after the proposed change are assessed for+

reasonableness.

ne frequencies for the early containment failure and containment bypass are reviewed for reasonableness if
the utility is performing a simplified Level 2 analysis. Le frequencies of accident progression pathways as

+

grouped for source term calculations, the frequencies and magnitudes of source terms, the individual early and
latent fatality frequencies, and the uncertainty characterizations for these frequencies are assessed for
reasonableness if the utility is performing a full Level 2S PRA.

. _ .

B.4 Documentation of Findings

Tbc documentation should include descriptions of the peer resiew process and fmdings and the utility responses to the
peer rniew fadmgs. For the peer resiew of a baseline PRA. the adequacy of the individual PRA tasks ss compared
to the attributes of an acceptable PRA should be inmwei Any wmkrcsses of the PRA should be clearly identified.
For a particular application of the PRA, the appropriateness of tbc PRA manipulation should be documented especially
with regards to identified weaknesses in the baseline PRA. He documentation of findings should be included with
the submittal of the proposed change to the NRC. .

I
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i

Accident analysis - steps taken by a PRA analyst to model and quantify the frequency of core damage, containment
,

response, and public risk attributable to a specific accident or class of accidents i

Accident conditions - emironmental or operational conditions occurring during events that are not expected in the
|

1

course of plant operation but are postulated for design or analpis purposes

Accident initiasors -initianag evcats that can cnallenge plant systems and components
|

I

Accident progression analysis - modeling of that part of the accident sequence which follows the onset of core
damage, including containenent response to severe accident conditions, equipment avadability, and operator
performance (also referred to as a Level 2 PRA)

Acendent sequence anrJysis - the process ofdesermii.ing the conhinations ofinitiating events, safety functions, and

.-
system failures and sw~eaec that may lead to core damage (also referred to as a level 1 PRA)

4

As built, as-operated - a phrase used to refer to the conforndty of the PRA model to the actual operational and*

?

) design conditions at the nuclear plant

i

Availability - the probability that a system or F=-: ==t will function satisfactonlly when required to respond to;

|
a rundn=ly occumag initiating ewnt or systend ----r ==t challenge (unavailability is the complement of availability)i

.

! Best estimate - the point estimate of a parameter used in a computation which is not biased by conservatism or
| no; iun

Burden - in human reliability analysis, any of the factors that affect opstor perfonnance including such items as
i ,

k |
!

time constramts (short anilable time), diagnosis constraints (confusing indications), factors related to decisionma mg:

|
(1- -i-:sg resources), command and control imp ~lh*= (remoteness between people who need to communicate),|

!

| and physiological faraors (hostile environment)
|

Comnion cause evem - a subset of & events in which two or more component fault states exist at the same
e

i

| time, or within a short time inte val. and are the direct result of a shared cause
!

. '

Common cause failure - a single event that adversely affects two or more c-:---r+=ts at the same tune;

I
..

[ en-g-me - an clanant of plant hardware designed ta petmde a particular function (for system modehng purposes.
a w

=+=t is at the iowest level of detail in the repr*===ranon of plant hardware in the models);

l:

Condaiaani contanunent failure probabikey - the 1.kriikand, expressed as a probability, that the contamment will!

j
fait, given that core damage has occurred

Cr _"" probabihty -the conditional probability of event A occurnog given that event B has already occurred
:

f is given as: P(A|B)= P(AnB)/P(B)

,!

t

March 7,1997 (3.Opm)
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}
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Contamment bypass - an event which opens a flow path that allows the release of radioactive matertal directly to

the environment bypassing the cor.:atament atmosphere

Containment failure - loss ofintegrity of the cont:inment pressure boundary (caused by severe accident conditions)

which resul:s in leak rates to the emironment that exceed the design limits*

Containment fai!ure mechanisms - a-cid:nt :enditions t e esn ame In" of containment intecrity (examples forh

sewre accidets include failures resulting from direct containment heating, steam explosions [in-vessel and ex-vesself,

hydrogen combusnon/detonanon and shell melt-through)

enmana====* failure anodes - de:npoons used to classify the type of contamment failure, such as isolation failure,

bypass failure, and early or late failure

Contaimment isolation failure - failure to isolate all lines that penetrate the contamment (the frequency of

containrnent isola: ion failure includes the frequency of pre <xisting umsosable leaks)

Containment perinrmance -- a measure of the response of nuclear plant contamments to severe accident challenges

(contamment performance is typiev'" represented by the conditional containment failure probability)

Core concrete interaction - interaction of tnoiten core materia! with concrete su actures in tne contamment during

a severe accident in which the reactor pressure vessel fails

Core damage - uncovery and heatup of the reactor coce as a result of a loss of core cooling to the point where

prolonged clad oxidation and fuel damage is anticipated

Cort damage frequency - the frequency, per reactor year, of an accident leading to core damage

Core melt - severe damage to the reactor fuel and core internal structures following the onset of core damage,

including the melting and relocation of core materials

Crap rupture - a mechamsm of failure resulung from continuous deformation at constant stress; important for metal
components at elevated temperatures, such as steam generator tubes or a steel contamment boundary in contact with

molten core marenal

Casset - mmunum combinanon of a set of events (e.g., initistag event and 9 -4-:=t failures) that, if they occur,'

will result in the onset of core damage

Dependency - requirement extemal to an item and upon which its function depends

Diagnosis - exammation and evaluanon cf data to determme cider the cor.dition of a structure, system, or

-- 7=1 or the cause of the condition

Dominant contributor - an accident class that has a major impact on the total core damage frequency or a
contmarnent failure mechanism having a major impact on the :otal radionuclide release frequency

- Draft, NUREG-1692 G-2 March 7,1997 (3:12pm)
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Gossary

Eatiy contauunent failure - tauure W ue cuoantra.. . . - - --
- *:1rhc .!w c,;ra'! :i :.i u

i hin a few hours
of the sewre accident (typically, earty contamment failure is defmed as containment failure before or w t
of reactor vessel breach)

f

Early release - a radioactive release from the contaimnent that occurs early (i.e., occurring within a few hours oo protective actions

vessel breach) nd t,pidly biose eff . lis e imp!: ment:ica ef se offsite emergency response an

Equipment qualdication - th gene. anon and mamtenanw of cat.t and umwauti:n te er swe Or the equirm:nrid
will operate on damand to sneet sptem performance requuements during design basis acc ents

h h

Event tne- a quanufiable logea! network dust begms with an accident initiator or condition and progresses t rough i ld eithe a safe,
a senes of branch that represent possible system performance, human actions, or ph-wam t at y e
stable state or an undesirable one, such as core damage or contamment faihue

)

Event tree top event - the conditions (system behavior or operabary, h ::.. . m.sss, or phenomenologichi events,

that are considered at each branch point in an ewat tree

E::t:rnal event
an event initim d outside the plant systems that can affect the operability of plant systems

(examples include carthquakes, tornados, and floods and fires from sources outside the plant)
blished

Failure-a stase that renders a component incapable of performing its specified operation according to esta
.

f i ien required)

success criteria (the component can fail ifit either functions when not required. or does not unct on w i
d t

Failure analysis - the systematic process of deterrmmng and documenting the mode, mechanism, causes, an rooi

cause of failure of a component or system
hil

Failure =M*= - any of de pa diat result in failure,includin6 chemical, eleenical, mechanical, p ys ca ,
thermal, and human factors

Failure mode -manner or state in which a system or component fails (examples include stuck-open valves, motor-;,

bearmg seizure, excessive leakage, and fa.h c to produce a signal that drops control rods)
fi h terms as

Failure rate - tie number of failures of as item within the populanon per unit measure ofli e n suc1

demand or time
;

i d d rly |

% showmg the logical tetansnships among faults; provides a conc se a or ee predefmed,liFaulttree-a graplucaly 1

descnpoon of de vanous combinanons of possible fault events within a system which could resu t n somj
!

undesusble event for the systein
bilities. (Fault |

Fault tree analysis - analysis based on probabilities, and marhematical manipulation of those probab evects that are necessary to cause the. , |
if h

tree analysis begias with an uralessisitop event and att:enpts to ident y t e su - hich is a bottom-up approach)
j<

li |

top event; fault tree anaiysis contrasts with failure snodes and ei!fects ana ys s, w
d fi i after this |

Frece date -the cut-off date for the plant model in an indhidual plant exarmnation; plant mo i cat ons!

date are not includedin the model
i

! March 7,1997 (3:12pm) j
G-3
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Glossary

Frequent f - the www # mcurrences of an event per unit time

Frontlinnynem --- e erg for o.1 safety system used to provide core or containment cooling and to prevent core

damage.on.c;ctic* .: Aia 4 ca as emergency core cooling and containment spray systems)

t uekomaat iaterecuan - me energetic mters :icn, b'. 2::::enu:: be: ween water and moiten core material, that

may rcsult in a 3:= ::p!c:ica (n::!-coc!:nt in :r::tico ma:. -"* *" inw:fsei e ev*esSch
.

Fusse5Nesely importsc:a - the fracoanal decrease in total core damage frequency when the plant feature (e.g., a

cocaponent, train, or system) is assumed to be perfectly reliable (failure rate = 0.0)

Generic failure rate - failure rates that apply genencally to a class of equipment rather than specifically to an

individual piece ofa:,,apment. (Raam for equipent from a spmf= s.mdor or for a specific applicanon may nry from
geene values. Generic failure rates, also called *handbock" failure rates * -fulin pmliminary design analysis, '

predscrions, and design planmng to esumate mherent capability but should not be preferred to more specific, r:tual
=- ;-:+:st data, if available.)--

,

Harsa emironmen -an environ ~. expected as a result of the postulated accident conditions appropriate for the

design basis or beyond design basis ao:idents

High pressure melt ejection - a reactor vessel failure mode that occurs with the reactor coolant system at high
;

pressure and results in rapid dispessal of molten core material, steam, and hydrogen into the contamment, challenging

it in two ways.

(1) Tbc high temperature core material may come in contact with the contamment liner resulting in line* failure

(2) The dispersal of core matenal and steam into the contamment atmosphere may result in direct contamment

beatmg and, possibly, hydrogen combustion

Husnan error probability - a measure of the likelihood that the operator will fail to initiate the correct, required,

or specified action or response needed to allow the continuous or correct function of an item of eqv.ipment
,

Human reliability analysis - a structured approach used to identify potential human errors and to systematically

esumate the pinbability of those errors using data, models, or expert judgement

ledividual plant examination - Generic letter 88-20 requested U.S. nuclear utilities to perform an evaluation to
ulennfy any plant-specific vulnerabdities to severe accidems. Ir respoodmg to GL 88-20 most utilities performed the
equivalcat of a Level 2 PRA, and considered accidents initiated by in . . ... ,g full power operation

Initiating eg ent - see accident imtiators

laternal events - accident initiators origmatmg in a nuclear power plant and, in combination with safety system

failures and/or operator errors, leading to core damage accident sequences (see also external events)

.

Draft, NUREG 1602 - - - G-4 March 7,1997 (3:14..J
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Glossary

Late ramenin=*=e failure - faiiure ofde contamment in a time considered long relative to the overall tumng ot'tneh
sevue accdent (typically, late contamment failure is defmed as containment failure occurring more than a few ours
past reactor vessel breach) <

Late release - a radioactive release from the containment that occurs late (i.e., occurring more than a few hours pastd
reactor vessel breach) and typically after etTectae unplemer.tanon of the o:1 site emergency response an proteeme
1: rim \

hvei 1 analysis - an irimnr= eia= and <pannrw=e=m of the sequences ofevents lendmg to the onset ofcore damage.

Level 2 analysis - evalumboa of contamment response to severe acculent challenges ar.d quantification of the
mechememe, amounts, and probabilities of subsequera radioective matenal releases from the remramment

hvei 3 analyrN - evaluation and quantincation of %e rest:lig consequences to both the public and environment
!
;

Level of detail - different evels oflogic modeling used in a PRA. (A fadure event in a fault tree analysis canft i t ib tors
address various leveis of detail, Wing en how much useful informarion is available concernmg t e con r u

4

to tne failure event)

Im comenbutor - an accui=t class that has a minor impact (on the order of a few. percent) on the total core damage|
|

fiwy or a containment failure mechanism having a minor impact on the total radionuclide frequencyl

Massson time - the ume pmod that a system or W+ =t is requand to be operable in order to carry out its mission.2h i
(For example, a russion time of 24 hours implies that contamment sprays are required to be operable for 4 ours n
order to prevent contamment failure from occurnng within that period)

#

Modd - an approxunne mathemancal representanon that sinmlates the behavior of a pmcess, item, or concept (suchl failures

as failwe rase). (For example, the probability ofa system failure is synthesized using models that re ate systemis then calculated from these more,

to component failures and human errors. The probability of system failur:f a of various f;

lan-nn y andbems understood failures. Bene models contain p.
- 3, such as the sates o ou,=.

2

events, that are nor known precisely.)

Modehng assumpoon - an assunpoon on which a model is based (such assumpoons may not be vahd or universally
accepteif)

l

Plant- a ymeral smn used to refer to a nuclear power facility (For example, plant could be used to refer to a sing e
;

I

unit or a multi-unit site)
h ir |

Plant damage state - a set of accident sequences from the hvel 1 analysis grouped together because t etit te the interface |

charactensocs relevant to the subsequent progression are similar. he Plant Damage Stat:s cons u
besween the kvel i and hvel 2 analysis of a PRA.

f h |
Probabilistic Risk Asaceament/ Analysis - of a nuclear power plant,is an analytical process that quantiies t ed f f the public,

prs =nal risk--2 with the design, operation, and maintenance of a plant to the health an sa ety ohe risk evaluation involves three sequential parts or "kvels' (refer to Level 1 analysis, Level 2 smalysis and Leve
l !

3 analysis)
March 7,1997 (312pm)
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Reactor year - a period of the reactor operation that accounts for the downtime during a calendar year

Recovery action - an op;rator action intended to bring failed equipment back to opersole status

Rdesse class -iset of accident progression sequences grouped together because they lead to similar radionuclide

teicases and for wiuch a snngic representatisc tekoc cahuhisca ca;; & peric:med

Rdesse fracnon - me fracuan of the total inventory of a radionuclide in the reactor core at the start of the accident

wiuchis released to the environment 1

|ma.hnny .- the probability that a mnpan=r perfonns its specified function and does not fait under given operating

conditions for a presenbed time

Risk - typical:;, the expected value of the consequences pei mit time Am a" expressed as fatalities /vr or $/yr);
!

ddined nume broadly using the " set of tnplets" ((s,, (, x,)). (in the set of tnplets, s, identifies one of several poeible

scenarios, ( is the frequency of that scenano, and x, is the consequence of that scenario. De risk is the set of all

possible enarios, their frequencies, and their consequences This definition distinguishes between low-frequency,

high-concequence r narios and h? frequency, low consequence scenanos.) ._

Risk-informed regulation - a regulation whose decisionmakmg criteria integrate probabilistic and conventiona!
4

determmistic evaluations

Scope- refers to the extent ofinitiating events considered in a PRA. A full-scope PRA usually includes accidents

uutnand by internal and external events during full power and low power & shutdown conditions. De scope should

be distinguished from the PRA Level, which defines the extent of the analysis (refer to Level 1 analysis, Level 2 ,

analysis and Level 3 analysis). |

Emmvity analysis - an analysis in which one or more input ps_ _e to a model are varied in order to observe
their effects on the model predictions'

,

1

Severe accident - an accident that got.s beyond the design-basis of the plant and usually involves extensive core'

damage

State ef-the-art in PRA - a PRA that reflects the latest improvements in PRA modeling and evaluation'

Sahan blackout - an accident sequence initiated by lost of all offsite power with failure of onsite emergency AC

power (diesel generators), and failure of tunely recoven of off:ite power and onsite emergency AC power

Success creeria - the systems / components and their combinations that are needed to carry out their mission given

an accident initiator
|

Support system - a system that provides a support function (e.g., electric power, control power, and cooling) for
.

another system (For example, HVAC is often considered as a support system.)

Unavailability- see availability

DraA, NUREG 1602 G4 March 7,1997(3:12pm)
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Uncertainty Analysis - the quantification of the imprecision m the PRA estunate that results from imprecisely'

formulated PRA models and imprecisely known input variables

Unit - refers to a single nuclear power reactor with its =e-i='M systems and components. Most nuclear power plant
b h d between units

tites ime either one or more units. ^! multi unit sites some support systems can e s are

2rf ^r4 ?sdi.-etive |J.he rea..uvi pream '.cu:! (RT".', b: .:.-d::: . =td : re!:
." Yessel breach - re cer 'e 'he niinec

matenal from the RPV

.
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CRGR Main EmphasisMarch 18,1997

The Committee to Review Generic Requirements (CRGR) commented on the
extensive inter-office cooperative effort which was evident in the development of
the general and the application-specific regulatory guides and the associated
Standard Review Plans. The Committee commended the various office staff that
had demonstrated a well-coordinated concerted effort in developing the extensive
guidance for the industry and the staff on a complex subject within the realm of
the PRA Implementation Plan for risk-informed regulation.

.

During the meetings, the CRGR made extensive comments on the specific
documents to make an overall improvement in these documents. Broadly
speaking, the Committee made the following general observations:

1. Fundamental Approach

De CRGR observed that these documents represented a measured step
along the path towards risk-informed regulation. The CHGR recognizes that
the allowable increases in risk are small. Thus, the aporoach proposed is
essentially risk neutral within the error bands involved. This is especially
relevant in that based on IPE submittals a number of reactors already
exceed the subsidiary core damage frequency objective of 1E-4.

2. Backfit Situation

The CRGR has the responsibility to review and recommend to the EDO
approval or disapproval of requirements of staff positions to be imposed by
the NRC staff on one or more classes of power reactors. It is the CRGR's
understanding that these Regulatory Guides and the accompanying Standard
Review Plans are not being imposed (i.e., there is no intent to backfit these
provisions). With the understanding that indeed the risk-informed decision
process is. voluntary, and that viable alternates or approaches remain
available to the regu!ated industry, the CRGR has no objection to these
documents going forward.

The CRGR did not review any application or justification under 50.109, as
none was tendered to us.

3. Value-Addad Role

The Commission has encouraged the CRGR to continue to exercise a
value-added role (that is, above and beyond its strict Charter role) in its
review. Accordingly, the CRGR offers the following opinions:

a. Use of Small Numbers
[

I
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The CRGR observed that, in some applications of the general regulatory
' guide there would be utilization of small numbers, in the PSA space. For,

example, if a plant had a core damage frequency (CDF) in the vicinity of
,

1E-4/yr, there could be a limiting increase in CDF in the range of 1E-5 to
,

1E 6. Under the proposed new guidance, an increase in CDF would be
; limited to 1E-6 under normal conditions; or, with increased technical and

' management review,~ an increase of 1E-5 might be permitted. In the limiting;

case, therefore, (i.e., in the near vicinity of CDF = 1E-4) CDF could
;

increase from 9.8 to 9.9 x E-5 without special management consideration;
;

or, with increased technical and management review, CDF might be
j permitted to increase from 8.9 to 9.9 x E-5. The Committee agrees with
j other experts that there is " difficulty in identifying very low frequency

initiators in the range of 1E-6 per year or lower."
;

|

|
The Committee further notes that even with the small changes in absolute
value of risk, the changes that could be made to the current licensing basis

,

| of a plant may be quite significant from an economic viewpoint. However,
i the Committee cautions on risk ranking schemes that may be used to

evaluate the risk significance of systems and/or components - one should

| not base decisions on the relative order of very low probability sequences.
|

| b. Safety Goals
:
a

i
DG-1061 identifies the role of the Commission's Safety Goal Policy. In

j particular the guide states that the acceptance guidelines defined "are
i consistent with the Safety Goals and their subsidiary objectives and
| changes to the CLB are expected to result in changes in risk which do not

.

: exceed the goals and which are no more than a small fraction of these goals
' and objectives."

! c. Monitoring Program

Although the Committee recognizes that monitoring is an important aspect
of a performance-based risk-informed regulation approach, care should be
taken not to specify the elements of a monitoring program so prescriptively,
in that regard, in the proposed guidance documents the staff should
consider simplifying the guidance prov. dad on monitoring.

l

|


