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COMMITTEE ON NUCLEAR REGULATORY ACTIVITIES

The Committee oNuclear Regulatory Activities (CNRA) of tf@ECD NuclearEnergyAgency
(NEA) is an internationadommittee made uprimarily of senior nuclear regulators. It was set up in 1989
as a forum forthe exchange of information and experience among regulatory organisatidos #mel
review of developments which could affect regulatory requirements.

The Committee is responsililer the programme of the NEA, amerning the regulatioficensing
and inspection of nuclear installations. Tammmittee reviews developments which caffgct regulatory
requirements with the objective of providing members with an understanding of the mofwaticew
regulatory requirements under consideration and an opportunity to offer suggésttanght improve
them or avoiddisparitiesamong Membe€ountries. In particulathe Committee reviewaurrent practices
and operating experience.

The Committee focuses primarily on poweactors and other nuclear installations currdrglgg
built and operated. It also may consider the regulatory implicatiomswofdesigns gbower reactors and
other types of nuclear installations.

In implementing its programme, CNRA establishes co-operatieehanisms with NEA's
Committee on th&afety of Nuclear Installations (CSNigsponsible for co-ordinatirthe activities of the
Agency concerning the technical aspects of design, construction and operation of nuclear installations insofar
as theyaffect the safety of such installations. It also co-operates with NEgksnittee on Radiation
Protection and Public Health (CRPPH) and NEA's Radioactive Waste Management Committee (RWMC) on
matters of common interest.
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FOREWORD

This report isintended to provide aummary of the current regulatoepnvironment within the
Organisation for Economic Co-operation andevelopment (OECD) Member countries regarding
probabilistic safety assessment (or analysis) (PSA) in nuclear power plants. The infocordtiored in
this report is obtained froffifteen responses to abECD Committee onNuclear Regulatoryctivities
(CNRA) gquestionnaire. Théfteen nationswho responded to the questionnaire: Belgium, Canada,
Finland, France, Germany, ltalyapan,Republic of Korea, Mexicothe NetherlandsSpain, Sweden,
Switzerland, the United Kingdom, and the Uni&dtes. Thénformation provided in the responses to the
guestionnaire does not necessarily provide a comgieteacterisation of the regulatory requirements in
effect in each Member country related to probabilistic safety analysis issues in nuclear power plants.

The CNRA questionnaire and the firraportwere authored byir. J.Calvo andDr. J.Yllera
(CSN), Mr. R.Andrews(NII), Mr. M.F. Versteeg(KFD), andMr. E.J.Butcher andDr. J.0.Schiffgens
(USNRC).

The report was prepared undee guidance of the CNRA Organisi@gmmittee on Regulatory
Approaches to PSA. The Group wdmired byMr. J.Calvo (CSN). Other contributoiscluded:Dr. P.
DeGelder (AV Nuclear), Mr. K. Lafreniere (AECB), Mr. R. Virolainen (STUK), MrM&¢nessieZDSIN),
Dr. R. Gortz (BfS), Dr. P. M.Herttrich (GRS),Dr. A. Valeri (ANPA), Dr. M. Hirano(NUPEC),
Dr. Y. Kani (PNC), Mr. B. Liwang (SKI), and Dr. U. Schmocker (HSK).

The Organising Committee wishesatknowledge the excellent guidarzcel supporprovided by
Dr. G. Frescura and Mr. B. Kaufer of the OECD Nuclear Energy Agency.
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EXECUTIVE SUMMARY

The Committedor Nuclear Regulatorpctivities (CNRA) of theOECD NucleafEnergyAgency
holds a yearly meeting on a Special Issue relating to regulatory matters in nuclear poweSipleantiere
is a considerable interest among the Member countries concerning the &sebabilistic Safety
Assessmenfor Analysis) (PSA) in regard to furthienprovement or optimisation afurrent regulatory
systems the topic selected for the 1995 CNRA's Special Issue Meeting was Regulatory Approaches to PSA.

Results of Questionnaire

An Organising Committeevasformed to present theurrent status on thi®pic to the CNRA.
This Committee decided tatilise responses to a questionnaire whiels prepared toollect information on
how each Member country is using or plans to use Wigtn its regulatoryenvironment. Fifteenountries
responded to the questionnaire.

Responses to the questionnaire sttbat all respondent countries have expended significant
resources on development and use of PSA, in particular for plant-specific applications. Characteristics of the
nuclear industry isomecountries allow these countries the option of perforr®iBgs forgeneric classes
of plants. ALevel 1 PSA (the mostcommon level oPSA quantificationinodels accident sequences to
guantitatively relate the frequency @fent initiationand the probability of failure to mitigate yild an
annual core damage frequenGDF) and isperformed by all Member countrietevel 2 PSAessentially
extends d_evel 1 analysis to assef$sequency of fission product releasd#nst Member countriehave
developed oaredeveloping_evel 2 PSAs. AlLevel 3PSAextends théevel 2 analysis to assesise risk
to health associated with accidewtsichresult in fission product releases. Few Member countries perform
Level 3 analysis. The mostommonscope for current PSAgcludes accident scenarios initiated by
internal plant faultsvhile operating at full power. However, effoidse being made in many Member
countries to extend this scopeassess external events/hazards and ac@dgoences initiated while the at
low power or during plant shutdowns.

The value of PSA in safety analysis, for providing insigbteerning the identification of generic
and plant specifiimprovements irplant safety isvell recognisedSimilarly, PSAs are also asffective
tool for risk sensitivity analysis of safety issues. Spe@kamples of currenPSA applications are
mentioned or described in most responses.

There is stillneedfor improvement in consistency PISA methods, as mentioned in questionnaire
responses, and so, research deklopmentfforts arebeing devoted in mostountries to improve PSA
methodologyand data.. Analysis of humarerrors andcommoncausecomponentfailures arementioned
most often as examples for these aspects .

However, it is well understodtiat lack ofconsistency in someSA methods andgcarce data are
not decisiveflaws in application of PSA, becausensitivity and uncertainty analysiee apowerful tool to
address bounding conditions for reliable decision making. Additionally, sensitivity aaaéydien utilised
with applications to understand their impact on safety assessments.

The responses suggest that P8Xperience andpractices in most countriegre already
sufficiently mature enough to alloWSA to contribute tthe regulatory decision makipgocess.
Accordingly, many countrieare progressing towardsore extensive and systemaBSA use, oeven



NEA/CNRA/R(95)2

integration ofPSA, inthe regulatory system. Also, research @exklopment work to improve consistency
and accuracy of, and to standardise PSA and PSA application methods are mentioned.

Increasing the use &¥SA in regulatory matters leadstie addecdheedfor the regulator to be
equipped with the special skills akdowledge, by which assessmantd review oPSA matters catake
place. Often an in-dep#tmowledge ofplantmodelling, specifiassumptions or boundary conditiomighin
the PSAwill be necessary befomregulatoryjudgement on th®SA based application can fmade. This
may require special training requirements, wheed to be identified. This may also apply to utility
personnel.

PSA applications at general level, withoutareful analysis of assumptions and boundary
conditions, may be misleading. In general, acceptan&SAf results and applicatioamongst decision
makers seems to increase as detgiedsonalknowledge ofPSA keeps increasing. In th&hort term,
acceptance famore extensive use BSA in regulation is strongljependent on the level of understanding
of the PSA, as mentioned in some responses. Some responsestluanifghortage of suskills from the
regulator may be a short term difficulty.

The general absence of uncertainty acceptataedards for PSA is alsoentioned as aarea
wherefuture development matake place. These acceptance criteria could be a relative melastie,a
criteria on theatio of risk resultbetween dase case PSA andsansitivity study, or an absolute measure.
Numerical criteria should beeen agargets,since uncertainty analyses whigne not currently in all PSA
studies,need to be included ithe future in order to establish a standard treatment for acceptability
procedures to be developed.

In spite ofidentified need$or furtherdevelopment, it is &act that PSA is alreadyeing accepted
as a tool for supporting regulatory decisions. The issue remaimsworio make thesapplicationsmore
systematic and affordable throughout regulator and utility organisations. Effatdvédhis issue are
mentioned by mangountries andomeare even delineating mediuterm PSAimplementation planning.
This can be seen as a stepamy promotingPSA use, but also asvahicle goingowards incorporation of
PSA formally into regulatory systems. WithiRSA implementation planning, measures necessary to
overcome technicand organisational difficulties of integratiR@Ainto the regulatory system can diene
more efficiently.

It seems eviderthat tosome extent the integration ®fstematic PSA applicatiom#o regulatory
systems is being achieved in several count@asiently, these countriegould be in transition from purely
deterministic to a mixed deterministimd probabilistic regulatory system. The framework for a future
system including aappropriate and fair balanbetween deterministiand probabilistic regulatory rules is
worthy of further extensive discussion by national and international parties.

Results of CNRA Discussions

A sub-group of the Organising Committee \icasned to make a formal presentation of riasults
of this work to the CNRA at the Special Issue Meeting. fiMeepresentations outlined tlvarious topics
discussed in theeport which were derived from the questionnaire. Following the presen@hRvA
members were furnished with sets of questions aglements, formulated by thsub-group for starting
discussion on the issue.
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The preliminary aim of the presentatiomas toidentify and compare the differirgractices and
attitudes toward PSA prevalent ile Member countries. Notwithstanding this objective, based on the
discussions held, it is possible to identiyme consensus views on th@rent status of PSAnd the
direction of future PSA development and usage as follows:

PSA isnow widelyapplied throughout the nuclear community. Experience sugtpedt$SA
insights applied in the desigitages of a plant isiore cost effective than application to existing plants.
Nevertheless, the application BEA toexisting plantshasled to many significant modifications and
improvements that can better risk estimates by one or more orders of magnitude.

For those countriethatrequire a PSA apart ofthe larger periodic safety review, the cost of the
PSA isgenerally small and the added safety insigims considered to fully justify the expense of
undertaking a thorough PSA study.

The definition of numerical quantitative acceptandéeria for individual countrieshasyet to
receive widespread approval. All countries agree thathieisystematic usage BEA thatleads directly to
safety insights and plant improvements. The use of quantitative safety goals is of secondary importance, but
do assist irproviding a justifiable andobustframework fordecision making and in justifying regulatory
actions to the public.

Despite considerable advance®BA methodology in recentears, there still exists a number of
areas where furthelevelopment is seen ascessary to reduce the limitations of the techniques. abeiah
include:

a) Human Factors modelling (particularly cognitive errors)
b) Safety culture and management factors.

It is recommendethat PWG5consider evaluating the relative priority of addressing such issues
and recommend how a programme of work to reduce such limitations could be formed.

Whereas it is agreethat one of the modignificant benefits of #SA isthe knowledge gained
(e.g., plandesign, significance of safety issues.), regulators areoncernedhat plant operatonmay not
be taking full advantage of the insights into plant sattedy the PSA offers. The plant safeitysights
gained fromPSA could be integrated into the plant training programmes with greater effect. In a similar
manner, the regulatory boditmselves could improve the effectiveness of site inspectors by enbating
they have an understanding of the important conclusions derived from the PSA.
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1. INTRODUCTION

The Committee oNuclear Regulatory Activities (CNRA) of tf@ECD NuclearEnergyAgency
(NEA) is an international committee made up primarily of senior nuclear regulators.

Each year th&Committee holds &pecial Issueaneeting focusing on theegulatory aspects of
current important issues regardilicensing of nucleamnstallations. Via theseneetings the Committee
reviews developments which couwffect regulatory requirements with tbbjective of providing members
with an understanding of the motivatidor new regulatory requirements under consideration and an
opportunity to offer suggestiortbat might improve them or avoidisparitiesamong Member Countries.
The Committee focuses primarily on poweactors and other nuclear installations currdmingbuilt and
operated. It also may consider the regulatory implicationswfdesigns gbower reactors and other types
of nuclear installations.

Following selection of a topic, CNRiembers nominatearticipants to an Organisifigommittee
which putstogether the format and arrangemedotsthe special issue meeting. Following presentation of
thereport by this group, CNRMembers hold a general discussion ontdpéc and formulate, if feasible
future activities and actions to be taken.

Some of thetopics theCommittee discussed at during tlaest few years,include: regulatory
approaches to severe accident issues, regulatory approaches to dealing with the safegeasgplants,
and regulatory requirements and experience related to Steam Generators.

The topic selected for the 1995 CNRA Special Issue Meeting is Regulatory Approaches to PSA.

2. OBJECTIVES

This report haseenprepared by a subgroup of the CNRAS95 Special Issu@rganising
Committee andeviewedandcommented by thether Committee membeis$s objectivewas tosummarise
the work results of the organisisgmmittee for presentation tthe CNRA at the special issoeeeting on
Regulatory Approaches to PSA.

The first draft of this report was the basis for discussiotigatineeting after presentations by its
authors. Thantention of thereport is to present tthe CNRA the current situation BSA issues in
Member countries, extractirgpmebasic conclusions andecomposing théssues into thenore detailed
points discussed at the meeting. The organisingmittee believethatthese pointarethe basicelements
to be analysed and discussed when dealing with the issue of how and why PSA should be used at present anc
in the future, in the nuclear safety regulatory arena.

The main sections (Chapter 4 through 8) of this report are devoted to summarising the responses to
the questionnaire whiclias prepared to obtain information on current@adnedPSA activities in CNRA
membercountries. These chapters contaiare specific details withithis report,which can be analysed
further by looking at the complete set of responses to the Questionnaire.

In the final sectio(Chapter 9)some conclusions from ttimmaries are extractedspecific
guestions were offered @NRA for their discussion at thel995 Special Issuleeting. Results ahese
discussions are presented in the Executive Summary of this report.
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3. WORKING PROCESS

Following selection of the topic at t&NRA's 1994 Special Issudeeting, the Chairman and
Secretariat startethe activities to outline a workingan for the organising committend to solicit
nominations for the committee from CNRA's member countries.

The workingplan proposed by the Chairmams based othe concept of a questionnaire to be
prepared and discussedthin the organising committee, responded toOWNRA Member countries and
summarised and reported to the CNRA members at the Special Issue Meeting.

A draft questionnaire was preparedthy Chairman and analysedmmented omand revised by
the Organising Committee @&t firstmeeting inParis, on 60ctober 1994. After thaneeting, a final
version of the questionnaimas completed and disbuted to all CNRA Member countries November.
The Questionnaire is contained in the Appendix 1 of this report.

To accommodate comments froadl participants inthe organising committee, the final
guestionnaire waslivided into twoparts. The firstpart allows each country to describe the general
regulatory system withimwhich PSA programmeare being developed. It provides understanding on how
PSA fits into the regulatory environment in each country's specific circumstances.

The questionnaire's secopdrt isdevoted to obtaining more detailed informataoutthe role
that PSA is playing, or ibeing planned tglay, in each country's nuclear safety regulations. In order to
achieve this, the second part was subdivided into four groups of questions: the PSA Progiadivitia
countries, the role of national regulatory bodies in production and ug&sApfcaseexamples of real and
current experiences in each country about PSA applicatitinsomeregulatory implication, and planning
for future uses of PSA in nuclear safety regulation.

This questionnaire wasponded to by fiftee@GNRA Member countries, asllows: Belgium,
Canada, Finland, Franc&ermany, Italy,Japan,Republic of Korea, Mexico, The Netherlands, Spain,
Sweden, Switzerland, United Kingdom, and the United States.

In February 1995, athe fifteen responses were received. According to an orgaoisimyittee
decision at its first meeting, a subgroup ¥eemed to summarise amktractconclusions from responses to
the fivegroups of questions. Participants frtime Netherlandsspain,United Kingdomand UnitedStates
were in charge of this effort.

Draft summaries were availaliier discussion ahe second organising committee meetivigich
took place in Engelberg, Switzerland, on 6 - 7 ApEB5. Comments from the other membevsre
received and finabraft versions prepared later in April, for finabmments by organisingommittee
members inMay. These summaries constitute the main section ofragpert, with overall concluding
remarks being provided in the final section.

Preliminary conclusions wemdso discussed at thscond organising committee meeting, along
with preliminary versions of the questioits CNRA discussionyhich are presented in final version as
Appendix 2. Thalraft of this report was distributed in Maytte organising committee membergl the
final draft versionwas sent athe beginning of June ©NRA memberdor preparation in advance of the
Special Issue Meeting on 19 - 20 June.
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4, BACKGROUND AND REGULATORY ENVIRONMENT
4.1 Introduction

The political and historicallevelopment of eachation contributing to this report héed to a
number of different regulatory regimes, with various bodies charged with differing responsibilivesild|t
be inappropriate for this report to attempt to summadnisediffering development of these bodies. The
general regulatory framewofkr each nation is abipdicated by the national contributions contained in
Reference 1. In order to avdithccurate representation of the responsibility of any individual body, the
generic term Regulatory Authority (RA) is used in tl@port to represent thosmdies charged by the
nations government to regulate nuclear safety on their behalf.

The central purpose of this Section icémveyand summarise the variobigh levelattitudes of
RAs towards the use &fSA in each country. Such attitudee afunction of manyvariablesincluding the
size of the national Nuclear PowBtant (NPP) programmehe dependenaypon design in foreign
countries, the national public expression of concern atiske fromNPPsand the many other social and
economic factors.

Specifically this Section addresses the following questions:

a) Are PSAsundertaken foNPPs ineach country? If sagre they volunteered by the operating
Utility or required by the RA?

b) Who carries out the PSAs? Are they performed by the Utility or the RA?

C) What isthe purpose of carrying oBISAs asseen by thé&RA? Whatobjectivesare set fothese
studies?

d) How are plant judgements made on the basis of PSA?

e) What PSA review process is followed by the RA?

f) What are the perceived strengths and limitations of PSAs as seen by the RA?

Each question is addressed only at the high level. Chapters Settamni®e in soméurtherdetail
the actual scope and issues associated with planned and future PSA studies.

4.2 Are PSAs undertaken for NPPs in each country?
If so, then are they volunteered by the operating Utility or required by the RA?

Every country has a significant PSA programme or undertaking for their reactor plant. Chapters 5
through 8 discuss further the specific nature of these programmes and the depth of levels of PSA produced.

A PSA may be produced:

0] as a result of a mandatory requirement from the RA
(i) as aresult from a request from the RA
or
(iii) may be volunteered by the Utility as a means of fulfilling a more general requirement.

In many countries, it is a requirement by the tRatthe Periodic SafetReview(PSR) foreach
station be supported by a plant spedif8A. This practice ifollowed (for example) by BelgiumKorea,

10
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Netherlands, Spaitgweden, Switzerland and tbd. Furthermore, RAs ithese countries would require a
full PSA as part of the design substantiation for any new reactor plant.

In Japanthere is no formal regulatory requiremdot a PSA. However, the Nuclear Safety
Commissionhas given strong encouragemeibr alevel 2 PSA = Level 1 PSA pluscontainment
performance evaluation - see Chapter 5 for definitidreeél 1] to be undertaken and the RAsrequested
that all plantsprovide such studies. The aim of the studs been to betteunderstand the plant
characteristics and to assist in the development of severe accident management measures.

In France,genericplant PSAshave been performed, by agreement withRiee butthere is no
regulatory requiremerfior the PSA to be used gsart ofthe desigrprocess. PSA isxpected to be used ‘a
posteriori to confirm that adequate plant provisions have been made.

In Germany, the Licensing of plant is based on deterministic consideratiors®mitrequirement
for reliability system evaluation. However, part ofthe Periodic Safetseview all 21 plantswill have

Level 17 PSAs undertaken; but formally the PSR is not a RA requirement.

In Finland, PSA is a regulatorgquirement. The RA issued YVL Gui@e88 on PSAwhich set

forth the requiremerior licensingNPPsand gives the Licensees guidance on the scope and procedures for

PSA.

In the UnitedStatesthe Nuclear Regulatoi@ommission(NRC) has no specificequirement for
Licensees to undertake PRA other than th€ER 52requirementhat a PRA bgerformed tasupport the
licensing review of advanced ligiiater reactors. However, tHRE programmehasled to mosplant now
having a plant specific PSA. Also the Maintenance Ri0eCFR-50.66) requires that risk densidered in
establishing the maintenance programmestlaisgin practice, has alded manyutilities to updating and
enhancing theiplant specific®SA. TheNRC hasrecently published a final policy statement, on the use of
PSA Methods in Nuclear Regulatory Activities.

The NRC proposes that:

@) The use oftProbabilistic Risk Assessment (PR&rhnology should be increasedalhregulatory

matters to the extent supported by the state-of-the-art in PRA methods and data and in a manner that

complements th&lRC’s deterministicapproach and supportee NRC's traditionaldefence-in-
depth philosophy.

(b) PRA and associated analyses (e.g., sensitivity studies, uncertainty analysesp@tahce
measures) should be used in regulatoatters,wherepracticalwithin the bounds of the state-of-
the-art, to reduce unnecessary conservatism assodidgtiedcurrent regulatory requirements,
regulatory guides, licensmmmitmentsand staff practicesWhere appropriate, PRAshould be
used tosupportthe proposalor additional regulatoryequirements in accordance with 10 CFR
50.109 (Backfit Rule). Appropriate procedures ifurluding PRA inthe procesfor changing
regulatory requirements should developedand followed. It is of course understdbdtthe intent
of this policy isthat existing rules and regulations shall dmmplied with unless theseles and
regulations are revised.

different Member countries.

11

The terms PSA and PRA used in this document denote the same meaning only a difference in terminology utilised in the
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() PRA evaluations in support of regulatatecisions should be as realistic @scticable and
appropriate supporting data should be publicly available for review.

(d) The NRC'’s safety goals for nuclear power plants and subsidiary nunobjexlvesare to beused
with appropriate consideration of uncertaintiesriaking regulatonjudgements on theeed for
proposing and backfitting new generic requirements on NPP licensees.

The Mexican RA requires that all plantsibigially licensed under thextant rules and regulations
of the country of origin of thelant. In practice, this leads the Mexican planbeing required toneet
requirements similar to those in the USA.

In Canada, PSAs arperformed by the operating utility as a means of satisfiigh level
requirements. The RA identifies certain system reliability targets and requires a demotisaidtiense are
met.

In Italy before the nuclear moratorium, tingplementation of d_evel 1 PSA was aequirement
for Design Certification in connection witQuantitative Safety goals. For future plants,guantitative
safety goals haveeenset, but aLevel 3 PSA isconsidered useful tsupportdecisions in the design
development.

4.3 Who carries out the PSAs? Are they performed by the Utility or the RA?

In each country, the RA is dndependent body from the operatintjity. Responsibility for
safety ultimately rests with the operating utility rather than the RA.

In most countries th®SAs areundertaken by the planendor or architect-engineer or other
private consulting company.

In Belgium, thePSAs areperformed by Tractebel, the architect-engineer, on behalf of the utility.
Consultants from abroad were involved in all projects.

In Francethe generi®®SAs forthe two main series 6(f\WRshave beercarried out by IPSN
(Technical support tthe Safety AuthoritieBSIN) or bythe utility EDF (1300Mw. series), i@ach case
with the participation of the constructor Framatome.

In Canadathe PSAs areperformed by the operating utilities: Ontario Hydigew Brunswick
Power and Hydro Quebec. The PSAsmasluced by the utilitgtaff. Fornewplants,the designer, AECL
has performed kevel 1 conceptual PSA on CANDU 3 and is currently performihgel 1 on CANDU 9
to supportthe design integration. AISAECL hasrecently completed final detaildcevel 1 PSA for
Wolsong 2, 3 & 4.

In Finland, the RAhas specifically requirethat NPP PSAs béargely produced using plant
personnel and not by the usecohtractors. Thiglecisionwas taken to ensutkat asolid information and
understanding basis exists to support the development of a Living PSA approach.

In Germany, PSA activitisave been performed RS and thereactorvendor.Level 17 PSA
required forperiodic safetyreview or otheregulatory purposes, aperformed by the operating utilities,
involving plant staff, usually supported by the vendor or by consultants.

12
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In Italy, all PSAshave beercarried out at the request of the RBNA/DISP). The Italian
Generating Board, ENEhas participatedyften with leading responsibilities, @l PSA studiesgenerally
in conjunction with theplant supplier. Work haseen done in offices of thgant supplier in the UK and
Italy. Experts from the RA have contributed to the production of some of the PSA studies.

In Korea,the PSAs areproduced by the operating utility with consultancy assistance. The RA
(see Section 1) has been involved on one occasion in the IAEA IPERs of their own plant.

The PSAs for reactors the Netherlandare performed by contractolSAIC, PL & G, KEMA
(Level 2 and Seimens/NUS) on behalf of the Licenspad]y inthe Netherlands anghrtly abroad. Plant
staff are also involved in the work.
In Mexico, the operating Utility is responsildter providing thereactor PSAs. Both MexicanNPPs are
fundamentally of similar design and the RAcepts that aingle reactor PSA is suitable twover both
plants.

In Japanthe utility, with the assistance of vendors, volunteer$8® as part othe in-house
safetymanagement requested by B&. The operating utilities undertaitee PSA studies andavebeen
directly responsible for the development of a numb&S# computecodes on which thenalysis is based.
The RA (MITI) has sponsored sevegehericPSA studies on typical Japanese BWR RWR plant to use
as reference in the IPE review process.

In Spain, the Utilities are responsible for the PSA studies, artdeaRroject leaders. The work is
carried out in the Utility headquarters officeslibgnsee personnahd consultants. Site personaed also
required to be assigned to tRSA project, tenhance communication between B@A team and plant
operations.

In Sweden, PSA studies hdveen performed as a requirement ofRide as part othe ASAR-80
programme. Licenseesarry outthe work, normally at headquarters with the assistance of consultants, the
Licensee being the project leader.

PSAs forthe UKreactors are carried out he UK by the Licensee or by a consultant on behalf
of, and with the support of, the Licensee.

In Switzerland, the plaiRSAs areproduced fothe operating utility, using lead consultaintsn
abroad, supported by utility staff and national companies as subcontractors.

In the USA,PSAs are typicallynanaged by the operating utilibyt largely performed by private
USA consultants. ThBIRC hashowever sponsored agarly PSA study (WASH 1400) agll as recent
PSAs such as documented in NUREG 1150.

4.4 What is the purpose of carrying outPSAs? What objectives areset bythe RA for these
studies?

In all casesvherePSAs areperformed, the prime objective BSA isseen as a complementary
assessment tool to a deterministic safety evaluation.

Primarily, and historically, PSA is a quantitatito®l that isused in a relative rather than an
absolute manner. There is generally a common objective of PSA studies that encompasses:

13
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@) The identification of accident sequences that may contribute significantly to core damage.

(b) The identification of accident sequentleat may contribute to early containment failure and/or
significant release.

(c) The identification of components plant systemsvhoseunavailability or failure may lead to a
significant influence on the likelihood of core damage etc.

(d) The identification of functional, spatial or humamduced dependencies within thaant
configuration that may contribute significantly to or influence the likelihood of core damage etc.

(e) The identification of operatinggst, maintenance andmergencyprocedures thatnay contribute
significantly to or influence the likelihood of core damage etc.
® The ranking of the relative importance of plant systems, components and procedures.

(@ An input to the overalllecision makingprocess on the adequacy of plant safety gewisions on
plant updates and backfits.

Japan andhe USA, inparticular,cite the importance d?SA tothe definition of severe accident
management procedures.

4.5 How are plant judgements made on the basis of the PSA?

The objectives identified in the preceding section are all qualitative in nature. Over and above such
objectives, all countrieare aware othe international safety godts consequences, such as core damage,
or definedquantities of radioactive release, or fatality to workers and/or the public at Tdrgeeach RA
will generally make some comparison between their own numerical reactor results and such criteria, but such
comparison, as there may be, is not generally a mandatory part of the decision making process.

In contrastthe UK, Netherlands and (to a lesser extent) the @aAada and Switzerlankdave
their own numerical safety goals defined by the RA.

Safety goals mayary from a target dimit on core damage frequenffpr example) to a system
level reliability target. In the USA, the NRC has specifically identified that the safety goals aused e
a generic sense and not to make specific plant licensing decisions.

The adoption by such countries of quantitative safety goals influengesrteé/ed limitations on
the use of PSA as well as the benefits (see 4.7 and also below).

All countries identifythat either sensitivity or uncertainty analyges both) are to be carried out
as part ofthe PSA. Japan (foexample) uses both sensitivity and uncertainty studieshe Level 1
analyses, bubnly sensitivitystudies forLevel 2 The UK RA does not require any uncertainty analysis,
only sensitivity studies.

Without doubt,every PSA practitioner or assesswould demand some form of sensitivity or
uncertainty analysis to support a PSAowever, here an interesting questisesnamely how should the
acceptability of a sensitivity/uncertainty study be judged in the absence of a numerical target or criteria?

Those few countriethat have numerical safety goatsight seenbest placed tdefine sensitivity
acceptance criteria. Withe exception of Switzerlarfthat prescribes Bmit on core damage frequency at
the 95% confidence level), no acceptance criteria for sensitivity/uncertainty studies exist.

For countries without numerical safety goals, there is similar absence of qualitative acceptance
criteria. [Although the Mexican Utilityhasgenerated #SA procedure thacludes acceptanaziteria for
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sensitivity studies]. Acceptance criteria for sensitivity/uncertainty studies may be an area for future research
and analysis. Some research in the UK is in progress.

Apart from the assessment against quantitative safety goals, each RA is requiak smme
judgement on the adequacy of filant butonly, taking into account theSA tothe extent identified in its
Regulatory framework.

Section4.6 below discusses theSA procedures thaave been produced Imations to assist in
this PSA production and RA assessment process. Musihgver, these guides relate to the scope and
methodology expected within a PSA study and not to any acceptance criteria set by the RA.

This is not unexpected.Although most nationaRAs require a PSA to be performed, all
acknowledgehat the results from the studye only onepart ofthe input to theecision makingrocess.
Firstly the results (i.e. the relative importanceaiponents and systems) mustsben as consistent with
engineering judgement (even though the determirasiidysis may not havidentified an explicit concern
with a component ofeature of the design). Once tRSA has brought particular plant features to the
attention of the RA then a more thorough engineering assessment would take place. The dedisiteron
to accept the plant design as adequate is then taken largely on these engineering grounds.

Cost - Benefit Analysis

The numerical results PP PSAstudies may be used part ofthe decision makingrocess,
when backfits to existing plants, or design improvements to future plant, are being considered.

Several countries provide guidance onrtfweythat it is worthspending on thelant to avoid a
specified dose to a member of {heblic This approach is a basic cbsnefit analysis (CBA). More
detailed CBA methodsxist which take account of the societal costs of accidbatgheir use igyenerally
limited and the RA does natcept such CBA as the prime or sole meamngatliing orplant acceptability.
In the UK for example, the RA is prepared to consider arguments from Licensees containimgt @Bis
as part of an ALARP (as low as reasonably practicable) argument.

Perhapghe central reasonirgehind RA reluctance taccept the wider use of CBA is the same as
the reluctance to accept numerical safety goafsmetsofthe licensing frameworkMost countriedeel that
the uncertainty associated WA is too great tallow purely numerical results tietermine theneed or
otherwise ofplant modifications. Even in countries where numericaiiteria arepart of the licensing
framework, there is still an uneasbout takingthe numerical results too literally. Over and above this
issue, is the concethatthe costs of the safetyodificationcan bedetermined in azariety of ways (e.g.
should loss of operating utility profit be counteH@w should the residual life of tlstation be reflected, if
at all, in the argument?)

One further concern may also be expressachelythat all RAsagree with the objectivihat PSA
be performed on a best estimbtesis. However, all agre¢hat in many instances, the definition of best
estimate is difficult to agree or to deduce without additianalytical or experimental expendituréeljhus,
all PSAs contain aalement of theinknown. It wouldherefore be difficult tdmplement aCBA approach
to results thatnight enforce the expenditure of significaesource ananoney on arissue that, irreality
may not warrant such expenditure.
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4.6 What review process is followed by the RA in the assessment of the PSA?

The procesdollowed by eachcountry inreviewing and assessing tfRSA produced by the
operating utility varies. Many factoisfluence theapproachfollowed by theRA, such ashe resource
available, the confidence in the utility and the existence of agreed procedures that the utility should follow.

Some countriesise the PedReview process offered byfor example) IAEA. Some countries
undertake a complete requantification of 8A using theiown resource or contractors. kome
countries, the computer codes used by the operator are supplied by the RA.

SomeRAs give theutility guidancefor PSA production in aumber of ways. Thesaclude
reference to formal or informal natioRBA procedures/guides @ference to overseas procedures such as
earlier guidelines developed by the NRC, or via formal and informal discussion with the Licensee/Utility.

In France no guidelines ®SA procedures argven by theRA. However there is co-operation
betweenlPSN and EDF irthe 900 and 1300 MW PSAsading tobroad consensus anethodology and
application.

In Spain,the PSA procedures aeyolving with the completion of ead?SA study. The exact
procedures are agreed with the Utility before the commencement of the study.

The Mexican utility has produced theiwn procedures thahclude acceptanaeiles forthe PSA
inclusive of sensitivity considerations.

In Germany and Canada, guidance for producing PSAs is being written by the RA.

In Finland, the RAhas produceduidance (YVL2.8) onthe use oPSA inthe licensing and
operation of NPP. However no RA review guides exist at present. pashePSAprocedures guiddsom
the USA have been used in a generic manner.

In the UK high level guidance is given in the Safety Assessment Principles.

The definition of PSA production proceduressspplemented in only a few countries by the
existence of specific procedures tofokowed by theregulatory review. Switzerlarttas produced such a
guide. Germany, the USA and the UK also have procedupgsparation or planned. The natureeath
procedure is clearly a reflection of the regulatory framework in each countrgepeddent upon the
understanding of the review procedures that are exercised by the utility.

Further summary information on review procedures is given in Chapter 5.
4.7 What are the perceived strengths and limitations of PSAs as seen by the RA?

Strengths

PSA isseen byall countries to provide lavel of plant insightthat cannot berovided by the
deterministicapproach. PS/Aseeks to address all types of accident sequences from thasenmmibn
occurrence to thosgell beyond (interms of consequence) the rarigat would be addressed by tbesign
basis/deterministic analysis. P®fovides a relative weighting of the defences providginst accidental
releases, which cannot be provided by other means.
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Many PSAs for operating plants have now been performed throughout the Rarldanyplants
an existing deterministic safety justificatioras already extant. Notwithstanding this, virtually all PSAs
have led either directly or indirectly to a number of plant (procedural or hardware) improvemeragerit is
much argued whethé&SA orengineering judgememtas responsible for @articular safetymprovement.
In reality it is often a mixture of the two.

In an attempt to demonstrate the imporiafitencethat PSA has had upon etf plantdesign
and mode ofoperation, PWG5 (Task 17) hatempted to draw together exampleP&A based safety
improvements from plant in a number@ECD countries. The reader is best referred tadtieementation
(Referencet.8.2) for further information.

PSA, as a tool, has many strengths, but care must be taken over its usage. Once a numerical result
hasbeen obtained, there is a dantieat it may be perceived to represent a mexact estimate of the risk
than it is actuallyntended tarepresent. PSA by its nature, igo®l containing, or perhaps better stated,
expressing uncertainty in many factors that, can of itself, give insights into plant behaviour.

Decision makinghased on PSAherefore needs to recogniges uncertainty and tdecide what
weight to place on the quantitative results in the decision making process.

Areaswhere thePSA embodies, ocan express, uncertainty in plant behaviour or performance
include:

(@ Component reliability; due to the inherstdtistical nature ahe data base; odue to the absence of
recorded failuresvhen reliancerests solely, or predominantly, upoangineering judgement (e.qg.
failure rate of a primary coolant pipe)

(b) Containment phenomenon; due to the engineering judgement on the likelihood of containment events

(c) Hazard analysis; due to the uncertaintthanseverity or frequency of exterhakzard curves (such as
seismic)

The representation of these uncertainties can be regarded as a strength of PSA or can be regarded as ¢
limitation if not properly recognised and accounted.

Limitations

A limitation of a tool is only a weakness if it is not recognised and properly accounted. Limitations of
PSA noted by countries include the following:

(@) difficulty in ensuring completeness of sequence identification;

(b) construction errors may not be represented,;

(c) management and safety culture issues are not represented,;

(d) quality of data (e.g. plant reliability);

(e) engineering judgements are difficult to quantify;

(H  human errors, particularly cognitive human errors, are difficult to quantify;
(g9 common mode/cause failures are difficult to quantify.

The lack of high quality data may lead the PSA to err on the side of conservatism. diteslpuld

have well established means and some recogmisesitainty band or distribution of uncertainty. Trtent
is, andshould be, tkeepbest estimates realistic so as to avoidnttaay problems associated with either
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over conservatism or over-optimism. The inclusion of an uncertainty analysis in the PSA is a valuable aid in
interpretation of results.

In Italy, the main limitation o0PSA studies iseen to behat there is a public aversion for safety
demonstration based on probabilistic statements or critAdeording to public opinion, undesiredents
should be made impossible by desiggardless of the inescapafdet that anylow probability event may
occur atsome time, nonatterhow low theprobability of thatevent. After a national referendum1if88,
the Italian government decided on a moratorium pergmdmmendinghat Italian industry t@onsidemmore
passive nuclear reactor designs.

4.8 References
4.8.1 - National Response to questionnaire

4.8.2 - Report from Task 17 of PWG5. Mme. Lanore (IPSN) To be completed

5. ROLE OF PSA IN SAFETY REGULATION - PSA PROGRAMMES
5.1 What is the scope of the analysis?
The scope of the analysis can be focused on the following aspects:
1. PSA level, basically:
Level I Core damage frequency determination and assessment of the most dominant scenarios
leading to core damage.

Level 2 Containment vulnerability and radionuclide release determination.
Level 3 Health consequence determination.

Other intermediatievelsaredefined in someountries, e.gLevel 17 or 2-, meaninghat some kind
of containment performance analysis is carried out, but no radionuclide source term estimates are obtained.

2. Events analysed:

- Only internal events
- Internal and external events

3. Operating conditions:

- Full power
- Full power and other modes like: shutdown, start-up, refuelling, etc.

Furthermore, combinations of these aspects can be explored, like for instance if the external events are
considered only at power or during shutdown conditions too.

In general, it can be sattiatthe scope dPSA programmes hgsogressively increased many

countries fronmlLevel 1 up toLevel 3PSA;Level 1is common tall the countrieswhile the most frequent
ongoingefforts aim toLevel 2 or similar (USA, UK, Canad&witzerland, FinlandSwedenSpain, Korea,
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Japan, etc.)Level 3 PSAshave been performed only in a few countdaed not always for athe plants
(UK, USA, Netherlands).

Externaleventanalysis was natonsidered at the beginning BSA programmes imany countries,
but nowadays is accomplished in most of them. It must be taken into account helaeemcerns about
some of these events, likarthquakes, arBighly plant site specific. The most frequent extemants
analysed are fires, floods, and earthquakesently, external events (fires and floods) during shutdown
conditions are being analysed in some countries.

Low power and shutdown power operatiB®A haseen only recently analyseahd is not a
regulatory requirement in many countriesfedv countries have performed ane performing thiskind of
analysis for allthe plants, but itseemsthat PSAswill include this subject in the neduture in many
countries. An important aspesithin this type of analysis is to agredich arethe possible non full power
states of the plant that should be considered in the analysis.

5.2 Are PSAs provided for individual plants or are studies provided for a generic or specific class of
plants and the results applied generically?

Practices in different countries can be classified as follows:
- 1st approach: Individual PSAs

A PSA is developed for each individual plant. Also included under this approach is the case of a plant
with multiple twinunits, where thePSA isdevelopedor oneunit and an applicability study of tHSA is
madefor the others. Thiapproach isthe mostommonlyused and, of course, the best in order tayget
safety insights of the plant and to develop future applications, but it is in turn thexpesive (USA, UK,
Canada, Sweden, Spain, Switzerland, Finland, Belgium, Netherlands, etc.)

- 2nd approach

A PSA is developed for a specific type of plant and its reardtsxtended to each individuallant of
that type. Some countries with a véigh degree oftandardisation idesign and operatiaran take advan-
tage of this approach (France). Tdevelopment of SA programme by this approach saves a lot of effort
at the country level compared with the previous approach.

- 3rd approach: Hybrid PSAs

This approach includes PSAs for individual plantsyhicth someparts ofthe studyare planspecific
and others (oftetinvolving the analysis ofmore advancedssues)like the Level 2 analysis or the low
power/shutdown conditions analys&#e generic(Japan). This approaamay requirduture revisions of
generic parts to become specific when methodologies are more experienced.

It must also be said that some countries have developed generic pioneer studies based on some specific

plantdesigns followedater by a PSA foindividual plants (Germany). Finall\somecountries have only a
few plants with different designs that the question is not really meaningful (Mexico).
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5.3 What system does exist to collect and analyse reliability data at both plant and national level?

Reliability data to support PSAs aaequired in so many different ways among the countries asked,
that is not easy to state what are the general practices in this area.

It can be saidhowever thatvery few countries (Sweden) could perforrP8A based on a national
data bank becauseither such a banttoes noexist, the bank is still undeievelopment, or itanprovide
only sometype of the reliabilitydata necessary, e.gitiating event frequencies. #lso happens isome
cases that a country provides operating experience to a national data bank of another country.

Initiating event experiencean be normally retrieved from a national bank with ease, since almost
every countryhas regulations thagquire the Ultilities taeportthese kinds of events. Regulatory reporting
of componentfailures or inoperabilities is usuallymited to some specific equipmerdnd therefore,
acquisition ofthattype of information at nationdvel usually requires substantialigore effort. In PSAs
that arenot based on reliabilitgataretrieved from a national ban&ne of the followingapproaches is
normally used:

1) Extended use of generic data.

Operating experience of the specffiant is almosnever reflected all in componenfailure data
and initiating events frequencies. Testing and maintenance unavailabilities hoareverainly plant
specific. Use of generic data is always necessary when the PSA is applied to hew plant designs.

2) Extended use of plant experience in the acquisition of reliability data (USA, Switzerland, Spain).

As much information as possible is retrieved frptant experience, e.g.omponentfailures on
demands, operatingours, plant events, etc. throudifferent methodsanalysis of maintenance records,
eventreports,logbooks, etc. In the ideal case all this informaticzoipiled in a welktructured data bank,
suitable for easy retrieval of reliability data and for supporting a national data baranycasesowever,
such a bank does not exist and the information analysis is just done for a certain period of time established in
the PSA.

Normally, the specific plant experience is not suitable to provide all the relidhiiftyecessary for a
PSA. In these cases, data from other sources, generic data, is used or a Bayesiangapesitzslafawith
plant specific information is performeenericdata could be retrieved from a nationdhta bank, if
available.

3)  Other possible intermediate approaches.

5.4 Are PSA studies provided on the understanding that an updated study will be necessary?
If so at what interval and what is the extent of the required update?

It is normally understoothat PSAs must be updatedriodically to prevent them froimecoming
obsolete, due to important changesi@sign and operation of tiptant in the course of the timdowever,
frequency and extent of updates diffetween countries attempting tise thdiving PSA concept to
countries wher@ipdates are ndbreseen, because the performance BEBA is not required byhe nuclear
authority. Updates can be used also to increase the scopeR$Aher incorporateew state ofthe art
methodologies. The answers given to this question can fit into one (or more) of the following possibilities:
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PSA hadecomepart ofthe safety case andtiserefore gpart of plant documentation. Updates are
necessary to reflect plant modifications. Thedency ofPSA updates can be establishedby or
more of the following criteria:

According to the frequency of periodic safety reviews, 10 years for instance (UK, Netherlands).
Whenever significant plant changes occur (UK, Finland).

Frequency is agreed between the Regulator and the Utility but no fixed frequency exists.

A Living PSA concept is pursued with some nominal updating period (Finland, Switzerland).

PSA is a regulatomequiremenbut still is not connected with the licensipgocess. Updatesill be
made orregulatorydemand with aertain frequency. Criteria a) and ¢) from pointduld be used
for instance (Spain).

PSA is not requirebdut isacceptedvhenutilised in combination with other engineeriagalyses as a
means of satisfying regulatory requirements (USA - Maintenance RulBfArisencouraged by
authorities butnot required and periodic updatingrégommendedput itsfrequency is not
established. Some of the previously indicated criteria could be applicable (Japan).

Updates are not required yet (France).

It is alsoexpected in many countrighat the Utilities willtry to updateperiodically the PSAs

whenever it might b@ecessary without waiting a long tirfee a regulatory requiremerhat could need
many important changes all at once.

5.5 What PSA research programmes are underway or planned?

A wide variety of Research &evelopment programmes have been identified iratissvers to this

guestion. A classification of the more significant research topics has been made and is given below.

Level 1 PSA

- Low power and shut-down risk analysis

- LOCA frequency analysis

- Dependent failures analysis

- Improvement of methods and data bases for common cause failure analysis

- Benchmark exercises otommon cause failure analysis, humamrors and acciderdequence
guantification

- Development of automatic fault tree modelling tools

- External events

- Development of fire risk codes and methodologies

- Development of codeand methodologiedor seismic analysis: analysis of seisrhiazards and
seismic response, development of fragility data base, etc.

Level 2 PSA

- Severe accident methodology modelling
- Development of computer codes
- Experimental studies ofgteflagration/detonation phenomena and other related processes

- Experimental investigations of radionuclide resuspension during a severe accident.
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- Analyses of in-vessel and ex-vessel steam explosions.

- Analyses of aerosol behaviour and retention capacity of filters.

- Analyses of containment performance related to severe accidents
- Analyses of reactor lower head failure phenomenology

Level 3 PSA

- Developmeniand improvement of codes to peedradionuclidgransport,dose distributions and
health effects on the population

Human reliability

- Development of data bases

- Quantification of human actions over long timescales

- Comparison of different HRA methodologies.

- Development of human operator models

- Improvement of human reliability analysis methodologies
- Man-machine interface research

- Use of artificial intelligence as operational aid.

- Development of codes for human reliability analysis

Reliability data
- Development of data bases for component failure rates and operational events
PSA applications

- Analysis of technical specifications and allowable outage times.
- Accident precursor sequence analysis

Others

- Validation of PSA techniques

- Guidance development

- Criteria for acceptance of sensitivity studies

- Development of PSA quantification tools.

- Development of computer programmes to support living PSA activities.
- Development of dynamic accident sequence analysis methods.

- Advanced reactor passive system reliability analysis

6. ROLE OF PSA IN SAFETY REGULATION - REGULATORY AUTHORITY'S ROLE
6.1 What is the degree of regulatory involvement in the production of the PSAs ?
The degree ofregulatoryinvolvement in theperformance of th?SA insome countries (USA,

Switzerland) is not the sanfier all the PSAs thathave been produced. It could be classified into the three
following fundamental categories:
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The Regulator participates activelytire performance d?SA or at leassomePSA tasks (France,
USA, Mexico, Italy).

a)

b)

The PSA igleveloped by th&egulator alone or together with the Utility. Tihgolvement
of an institution oengineering firm in name of tliRegulator or the Utility is also possible.
Participation of the Regulator in projeaoanagement diaskleadership wouldall also in
this category.

The Regulator alsaeviewsPSAs.Normally the review is made by people not actively
involved in thePSA performance. line USAfor examplethe regulatohassponsored

and participated in the performance of plant-spe@iid\s, particularlyduring the early

years indevelopment oPSA application ttNPPs. The regulator in the USAowever,

does not participate in the performance of licensee PSAs (which may be uselicbpdbe

to support requests for license amendment requests or meet other regulatory requirements).

The Regulator reviews the PSA but is not involved in the development of PSA tasks. This is by far the
most frequent case. Tliegree of involvement of tHeegulator in theeview of PSAs can beery
different. The following principal cases are given:

a)

b)

9)

The Regulator sets up the scope and requirements BS#eand discusses in aarly
stage topics and theethodologies to be used by the UtilRegulatorguidance is provided
in some cases (Further review will take place later on usually).

The Regulator reviews tHeSA aftercompletion. Reviewsan be carried out in several
ways, but this is a subject tieal with in questio$.4. The PSA must be updattaking
into account the regulatory comments within some time interval (Switzerland, Japan).

Case a) and case b) together (Finland).

The regulator sits as an observertlie production meetings of tRSA and can be
consulted or give its opinion about particular issues (Canada).

The Regulatomeets with Licensees wiscuss the scope and progress of REA and
issues arising during the course of the work. Licensise told if theregulator considers
that any approach is unlikely to be satisfactory (UK).

On top of the regulatorinvolvement described inases a) anbl), the Regulatoacts as
supervisor during the whole development of the PSA, doing more or less intensive follow-up
activities. Thusthe Regutar knows at anytime the PSA state oflevelopmentDraft
reports of important PSA tasks amviewed during th€®SA progress. Therefomrmany
comments of th&®egulator can be discussed early and taken into account in the final PSA
report (Switzerland, Spain, Belgium).

In the USA, the redator does not routinely revieall PSAs. Reviewsareonly performed
in the context of a specific regulatory application of the results of the PSA.

The Regulator is neithamvolved in the developmenbr in a formateview of thePSAs. This lack of
involvement occurs in countries where the performance of PSAs is not a regulatorynesguire
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It can beconcludedthat, with the exception of the USA, a general practice is to tzavee
intermediate reviews or discussions during the production ¢¥3i#ebased for instance draft reports of
single PSA tasks, rather than justcamplete reviewafter the wholePSA package isanded up to the
Regulator.

6.2 Is there any formal approval of thePSA by the Regulator required orcompletion of thePSA or
at stages during the production of the PSA?

In countries where thBSA is voluntarily performed, no approvady be needed, depending on the
later use othe PSA. If applications ardevelopedhat interacwith plantlicence, then aapprovalshould
be obtained.

When the PSA is performed following a regulatory requirement, a formal approval after completion of
the project may or may not beeeded. Although &ormal approvalmay not exist, &ind of implicit
acceptance of the study may exist. The incorporation ofdhementsstated by the Regulator could be
regarded irsomecases as amplicit approval. Therenay also bdevels ofapproval otimited acceptance,
for example, in connection with particular applications.

Formal approvals at intermediate development stages of the PSA are not needed in any country.
The different types of treatment given to this topic are summarised below:

1.  Approval afterconsidering all the Regulatocpmments in the finakeport. Some comments or open
issues that would need a more detailed analysis can be left for the next update (Spain).

2. Extensive Peer Reviews (IAEA, IPERs-programme)sante detailedegulatory reviews enabled the
regulatory authorities to communicate tiesults to the parliament and to accept the results of the
PSA to be used for supportitigense renewal. Although , a direct regulatapproval ofthe PSA
was notgiven, communication of theesults to the parliameritnplied regulatory acceptance
(Netherlands).

3. The Regulator is activeipvolved in thePSA developmentind theapproval is easily obtained after
fulfilment (France, Mexico).

4, The Regulatogives approval to an actionequested by the Licensee on thasis (partly) of an
adequate PSA but does not approve the total PSA package (UK).

5. PSAs arebeing performed in the framework of the perioslidety reviews and sinder subjects
treated in these reviews a fornagdproval has to bgiven, anapproval of PSAs is alsmequired
(Belgium).

6. The PSA musinclude formal comments of theegulator, but ndormal approval igjiven since a
Living PSA concept is adopted and therefore BfeA is alway®pen to comments if significant
changes have taken place in the boundary conditions of the PSA (Finland).

7. An approval is needed since PSA is a part of the Safety Analysis Report (Korea).

8. Acceptance of thBSA after adetailed review as hasis fordecision-makingcan be regarded as a
formal approval by the regulator (Switzerland).
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6.3 What are the objectives of the regulatory review?

The objectives of a regulatorgview are highly dependent oscope, purpose of tHeSA and uses
that will be made of it in thduture. Thelevel of detail of the regulatoryeview also (see next question)
depends on these objectives.

The first and basic focus of attention during a R8¥iew is to beaware thatthe Licensee has
performed &P SA according tthe requirements of the Regulator thatthe methodologies applieshd the
analysis of the differertisks are adequate. Furthermonest of the countries agréieat amore detailed
review of thePSA carprovide a more thorough understandinglaint features, potentigkevere accident
vulnerabilities and unique operatingaracteristicsnodelled byPSA. Thedifferent objectives in thisense
given as responses could be summarised as follows:

- Understanding the general validity &SA models, assumptions, analytical method$ata and
numerical results.

- Understanding the range of uncertainties in core damage frequencies, containment performance, and
radiological releases.

- Assessing applicability of PSA models as tools to assist plant operation and effective regulation.

- Development of the basis for a living PSA model.

- Obtaining a deepeknowledge ofplant safety,identifying its major weaknesses, comparing the
various contributions to thiésk, andcheckingthat plant'sdesign is welbalanced and vulnerabilities
are not masked in the PSA.

- Comparing the risk estimates with some reasonable specific limits.

Fulfilment of the objectives listed above through@Areview may not be necessary if the Regulator
itself has participated in the development of the PSA.

6.4 To what level of detaildoesthe Regulatorassesshe PSAand what, if any,review guidance has
been developed by the Regulator?

In can be said in general that when a detailed review is performed, it is focused principally on the most
important PSA subjectsiowever, the way the revievese carried outiffer from onecountry to another.
Sometimes theRegulator hasreceived assistance from other national or international institutions. A
classification intended to highlight different types of observed review processes is presented hereafter:

- Continuous and interactive detailed review from ¢agely stages oflevelopnent up to the end
(Switzerland, Spain, Belgium).

- Detailed review of thePSA at dew developmenstages of the project arafter completion
(Netherlands).

- Detailed PSA review when a finished PSA is submitted to the Regulator (Sweden, Finland, Italy).

- The Regulatodevelops &PSA for typical plantdesigns. IndividuaPSAsdeveloped by the Utilities
are compared with the corresponding typi€8A developed by th&®egulator tocheck whether the
differences of design from the typical one have been adequately reflected in the PSA (Japan).

- The level of detail depends upon a numberfaftors such athe consequences of the events under
consideration and the depth of any independent peer review performed on behalf of the Licensee (UK).

- The level of review depends @tope and purpose of tRSA. Forthe case of an individual plant
examination(IPE) PSA(in the USA, generally bevel 2 PSA), avery limited high level review is
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made, aimed at determining whether the methodotgployed by the Licensee tmpable of
identifying vulnerabilities to severe accidents.

- Evaluation focused on reproducing P8A resultsvith different types of codes. Special attention is
paid to the results of accident sequences and importance analysis (Mexico).

- The Regulator participates actively timee PSA development. It is assumékat adeep degree of
knowledge is achieved and therefore an additional detailed review is not necessary (France).

With respect to the 2ngart of the questioni.e., the development of review guidance by the
Regulator, the following answers have been given:

- No specific review guidance exists or is referred to. Intention of whetbevétopnational guidance
or utilising guidance developed by others is not stated.

- No specific national review guidance. International review guides could leasttpartiallyused
(Korea).

- No specific national review guidance hawsen developedyut participation inthe development of
international review guides exist (Spain).

- The convenience ofational review guidance is acknowledged. Review g@icksnderdevelopment
or are foreseen in the future (Germany, Canada, Korea)

- Specific review guides have beateveloped(Switzerland, UK), or general procedures and
methodology guidelines have been developed that are frequently used in PSA evaluations (USA).

It seemghatthe general trend and the ideal case is to have national guidaticis topic. Review
guides are still scarce however, but are being developed in several countries.

6.5 Are plant and procedure improvements resulting fromPSA studies mostlydentified by the
Utility or the Regulator? How are such modifications approved?

In almost all countries both the Utility and the Regulator identify improvements tglant or
procedures, but that usualiigey are identified by the Utility. SincdPSA aremostly developed by the
Licensees, possible design weakneaseausually firstdentified by them. On the othband, it is normally
the Licensee whbas to analyse possibtaprovements andecide which of them will be submitted to the
Regulator if necessary, while the Regulator's task is to approve or refuse them. Therefore, the Rilgulator
usually identify weaknesses and the need for improvements rather than the improvements themselves.

The Regulator has laigger chance of identifyinglantweaknesses when he makes a detailed review
or is involved in the development of tRSA. However, most of the answegésen tothis part of the
guestion can be summarisedfalfows: Almostall of the interestingmprovements implant and procedures
are identified and analysed by the Licensee durinddtelopment of thBSA, or afterwards if PSA issed
to assess the potential safety benefits that further improvements might produce.

The Regulator can also identify some needs for improvement during the pes@ss notonsidered
before by the Licensee. The Licensee will analysediswliss thesanprovements with th®egulator and
could be forced to submit modifications to the Regulatsoimecases, e.g. &olation of deterministic
design criteria was discovered.

Planned improvements may be included inRB&A models being developed, be lfeft a next update,
or be considered once they have been implemented.
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It was pointed out in single cases that:

- Most of the proposals for procedures changes were made by the Regulator (Finland).
- No formal obligation of the Utility exists to identify the rea$on plant or procedurienprovements
(Germany).

The way these improvements or plad changes, motivated §SA results, are approved by the
Regulators is different fromnecountry to anothedepending otheir specific regulationgut it general, it
can be said that the process is the same as for any other changes not motivated by the performance of a PSA
In all cases requiring regulator approvabwever, theregulator must beonvincedthat the change is an
improvement, which may require a higivel of confidence in thBSA as it applies tithe analysis of the
proposed changée.g., changes imaintenance and testing schedules based on risk-rankiltfjough
summarised above, the process used by regulators to reach an actamableconfidence ifPSA results
varies from country-to-country, andsomecases from application-to-application, most if not all countries
considerPSA, together with engineering judgement, a complement to determanistigsis. At leastome
countries expect to use PSA odify deterministiccriteria, where appropriate (e.g., talecrease
conservatism associated withme deterministianalysis). Théey point of this question is to what extent
andhow probabilistic arguments amnsideredor the approval ofthese changes, and what would happen
in case that probabilistic amtbterministiccriteriawere in conflict,but such issuesill not be considered
here, since they are discussed in other parts of the questionnaire.

Although different countries have different regulatory procedures, general policy around this topic
could be summarised as follows:

- Sometimes modifications have been discussed in datdil agreethetween the Licensesnd the
Regulator's reviewers, befotbey are submitted to the Regulatomigency following standard
procedures as any other modifications.

- Any kind of changes implant procedures or angocuments related to the licenseust be
communicated to the Regulator.

- Approval process depends upon the safety significance of the modification proposed.

- Proposed modifications are considered by all relevant disciplines and not confined to PSA

- Some changes may not need approval in some countries if they are considered as not safety related.

6.6 How are PSA findings accepted within the national regulatory environment?

It can beconcluded from the responggigen tothis questiorthat acceptance of probabilistiethods
is not the same in every counbiyt acceptance is steadily increasing world-wide. Regulators have realised
through their reviewshat PSA is gpowerful toolthat canprovide important oevenunique insights into
plant safety and has a strong application potential.

In the bestcase,the PSA hasecome animportant part of the nuclear regulatory process and
thereforePSA findings are accepted gmrt ofthe regulatory decision-makipgocess. The Regulator is
aware ofthe strengths and limitations of both deterministic and probabilistic approaches andneke to
real integrated use dhese complementing methodologies. Development of gfiidethe use of PSA
methods in regulatory activities is under study in some countries.

Some countries considdrat PSA iswell accepted in the regulatognvironment as long as uses

are inagreement with deterministic methodsis is normally the case identifying improvements to
correctdesign weaknesses. Whenapplication ismade howevethat tries tdimit the application osome
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deterministiccriteria, acceptance of probabilistic critebiecomes more difficulRegulatory stafmembers
who are mainly familiar with the deterministiapproach caimave theirown ideas abouthe influence of
some desigrieatures and ithey are not familiawith the PSA or probabilistitechniques, noenough
confidencecan begiven to theapplication. In that casspme of thearguments used to undermine PSA
findingscan bencompleteness and uncertaintiedata,modelsand results. Regulatory acceptance in the
USA is highly dependent on the demonstrated quality d?8#% andhe integration of probabilistic insights
with more traditional engineering analyses.

Other countries considg?SA findings just as an auxiliary todhat would have no influence on
regulation if they are not in agreement with traditional procedures.

7. ROLE OF PSA IN SAFETY REGULATION - CURRENT PSA APPLICATIONS
7.1 Introduction

Review of PSA experience in membeountries indicates a growingage. Although, isomecases,
the concept of livingPSA is stillbeing developed with theltimate field ofapplication stillsomewhat
undefined. In most countries tlidevelopment is proceeding as a co-operatfat between thatilities, the
regulatory body and (if applicable) the supporting vendors. It is evident that the supjitiatinds of the
utility to enter a PSA programme is essential for its success. Thereforegiithiwhile to notehat in a few
cases, PSAnvolvementwas primarilydriven by a utility desire to use tiechnology to guide a safety
management programme. Either as an intero@mitment only, or as a means safpporting regulatory
interactions to manage plant safety enhancement programmes.

But, also it can beecognisedhatthe establishment of a regulat@gmmitment providemomentum
and stamina to furthatevelopmentaind establishment ofli@ing PSA programmeAccording to reference
7.8.6, "The most successful programmagpear to bahose where during thdevelopmentphase the
regulators accepted PSA insights asmaans of (re)evaluating the implementation of deterministic
requirements for existing plants and could accept relaxation or exemption if necessary."

This rderence include dist of "Benefits Recognised by Users"is included. There is striking
resemblance betweghis list and the list of current PSA-applications as discussed below. To place the
observed current uses of PSA in a broader perspective this 'benefitsidistis mainly the viewpoint from
industry, is repeated here.

Benefits on Plant Design and Design Process

* Identification of plant vulnerabilities.

* Resolution of plant vulnerabilities.

* Design optimisation through systeangineering perspectives dow toaddress multiple safety
concerns without introducing new concerns (integration capability)

* Identification of design alternatives.

Benefits to Plant Operations

* Improvement of Procedures and Technical Specifications
* Improvements in operator performance through EOP improvements and enhanced training.
* Improved equipment availability through optimised test and maintenance intervals.
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* Justifications for continued operation.
Improved Communications with Regulators

Exemption from ineffective regulatory requirements.

Replacement of required modifications with more effective modifications.
Support of regulatory interaction.

Improved ability to deal with the technical aspects of regulatory requirements.
Enhanced credibility with regulators.

* X X X X

Improved internal Decision Process.

Basis for prioritisation of plant modifications.
Elimination of ineffective design changes.
Operational strategies.

Assessment of ageing effects.

* X X X

However, despite these recognised benefits some negative influences, limiting the implementation of
living PSA programmes, were also mentioned. One of the identified limiting factors has also handicapped the
necessary appreciation of PSA by some of the regulatory bodies.

"Credibility in the technology has been undermined by the frequently stated and legitimate concern of PSA
technologist with the limitations of PSA and with absolute accuracy of the bottom line esfihetdms

eroded credibility in this technology even in those applications, typical of livingwg%e the impact of

such limitations is less important and can more easily be obviated."

Despite these negatifactors, agrowing application oPSAs and PSAechniques could be observed
in the last few years,which inits turn has caused this lack aédibility to be transformed into rmore
healthy assessment of strengthsvalf as weaknesseghis will mitigate misinterpretation, agven misuse
of PSA results.

7.2 Synopsis of current PSA Applications in OECD/NEA Member countries

The PSA uses dealtith in the questionnaire and associated responses can be grouped in various
consistent and logical areas. For the benefit of readability the following grouping has been chosen:

Use of PSAs for identification of weaknesses, backfitting and design
Use of PSAs to support plant operation

Use of PSAs to support regulation

Use of PSAs for off-site risk management.

Use of PSAs for other applications, e.g., prioritisation of R&D.

* X X X X

It is evidentthat some usebelong to moreghan one group. Especially, this ithe casavhen a
particular use ofhe PSA isbeneficialfor both plant operation and regulation. Exampleshaaise of PSA
for the analysis of probabilistic safety indicators, or the ugeSéfs to supportlecision-making during
emergencies. If the objectives of a specific use oP®A&, asindicated by the questiomary amongst the
various countries, then that particular use is repeated under the appropriate grouping headings.
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From the responses on the questionnaire, the following results could be derived:
Use of PSAs for identification of weaknesses, backfitting and design

Identification and comparison of alternative design and procedures (backfitting)ln almost all
countries this PSA application wdsund to be the mostommonly used. ldentification and
comparison of weaknesses in design eperation, and the effect of consequential fixes (backfitting
programmes) waseen as one of the mastportant applications of PSA. the USA, a lot of effort
hasbeenputinto reviews ofPSA studies chdvanced evolutionary reactbesignge.g., ABWR, CE
SystemB80+, etc.) andalong withltaly, intothe reviews oPSA studies for passive asiiplified

reactor designs, (e.g., AP600, and SBWR). In Japan P$&dsin the desigorocess of th&ECCS

for ABWR. Also in Sweden mini-PSAs, simplified PSA of Forsmark-3, are used in the design process
for the next generation of ABB Atom's BWR.

Incident analysis or generic precursor studiesOnly a few countries gave a positive answer
regarding the current regulatory use R$As forincident analysis or having a programme on
precursor studieOnly in the USA is an Accident Sequereecursor (ASPprogramme is in
progress. In GermanySP studies areonducted apart of the evaluation of incidents ewents
observed in plant operation on a case by basés. InFinland a programmbasbeen developed to
analyse Licensee EveReports (LERsprovided by onaeitility with the help of the living PSA-code
of that particular plant. In Spain programme is under development use PSAs foincident
analysis. In the UK some developmental research is in progress.

Accident Management Planning; Improvement, Optimisation of Emergency Procedures.
Derivation of Accident Management Measuresn most of the membeawountries, PSA insights and
outcomes have been used to reviamd improve the existing Emerger@gerating Procedures
(EOPs) and tamplement technicameasures to cope in a better way with severe accidents. For
example, in Switzerland the addition of the containment filtered venting systensfaetialAccident
Management procedures for mitigating the containment overpressure failure, and/or to mitigate the H

problem. Another example ikat inGermany, in the case ofBAVR, credit can be taken fte high
flexibility in the use of variounjection systemgor corecooling. In case o$tation Blackout, fire
fighting systems, drinkingvater supply and eobile pump carfeed into theeactor pressureessel
(RPV). EOP=nsure an activation in a relative short timeldparnLevel 2- PSAs(level 1PSA plus
containment performance evaluation) have been condiactatl NPPs forinternal events during full
power operation in order to determine the characteristics of the plants under severe accident conditions
and todetermine the essential severe accidesasures. In the Netherlands, strategies and measures
arebeing developetbr physical protection ahe Drywell bottom of 8WR tocope in a better way

with drywell shell melt-through scenarios. This effort was the result olleot-2 andLevel-3 PSA
insights. InBelgium CatalyticHydrogen Recombinefsr Severe Accident Scenariosll be installed

in all theplants. Thisdecisionwas based otine Level 2= PSA results. Inhe USA,PSA iswidely

used as a tool in the development of Accident Managept@mhing/strategies. An example is the
development of @ossible A.M. measure tmol the in-vessel debris by cooling the vessel externally
via flooding of the drywellBWR) or thereactor cavity (PWR). Thidevelopment involved these of
influence diagrams / decision trees to chdmteveen floodingnd do nothing (flooding influences the
probability of ex-vessel steam explosions, and consequently contaifaiters). Level 2 results
played an important role in those influence diagrams.
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Other. In France PSAs anmgsed in the desigprocess of a future planilso in Italy PSA activities
are centred arounduture reactor design&ee discussion under "ldentification and comparison of
alternative design and procedures".

Use of PSAs to support plant operation

Exemptions, specific improvements, or general optimisation of limiting conditions of operation.
(Review and/or optimisation of Technical Specification)in the majority of countries this typical
PSA application was used. Optimisation of test- msadhtenance intervals, relaxation of Technical
Specifications(TS) were the mostommonly mentione@pplications. Fothe other countries this
application wasseen as &ertain' future application of PSA. Bweden, as a Nordic joint project,

several case studies were carried out to review and optimise TS. These studies included analyses of:

Plant shut-down requirements at multiple failures in redundant safety systems.

Modified rules for preventive maintenance in a highly redundant, RHR-system at power operation.
Modified surveillancetest intervals and test procedures highly redundant systems dfiesel
generators and Motor Operated Valves.

A more detailed description tiiis project can be found in referen@e8.8and7.8.10. Inthe USA
PSAshave been usddr evaluatinghe risk impacts of relaxed TS requiremdatsAllowed Outage
Time (AOT) and SurveillanceTest Interval (STI). and a handboofNUREG/CR-6141) for
performing risk based analyses of Tasbeenprepared. In the URSA is used tsupport and to
define Technical Specifications.

Evaluation or improvement of operator training programmes. In about half ofthe responding
countries PSA insights were used to evalaatd'or toimprove theoperator training programme. The
most important accident sequences of RIS were used to improve the training on the simulator
(e.g., In Switzerland the training programfoethe MihleberdNPP crew wasintensified regarding
ATWS sequences) and to improve the Emergddpgrating Procedures. In Sweden, B®A was
used to improve or to extend the Emerge@pgrating Procedures (EOPSs) (e.g., for backflushing of
strainers inthe ECC systemafter pipe break LOCA, dieed and bleedmeasures in PWR). In the
USA, PSA hadeen used informally d@aput for operator training evaluations, e.g., to evaluate the
ability of control roomoperators to exercise tli#OPs,and the effectiveness of tB®OPs. In Japan
training wasstrengthenedor the potential important accident sequences. In the UkKsythptom
based emergency response Guidelines have been developed in parallel with the evolving PSAs.

Ageing analysisIn only a few countries is ageing analysis (trending) forms a formal and ingagral
of the plant-specific data-collection efforts. In Finland, the Lowiata collection and processing
system contains a special trend analysis toich isable to analyse reliability growth or ageing of
specific components. The changes in component reliadiityautomatically takento considerations

in the periodic LoviisdPSA updates. Ithe USA severadllRC sponsored projects were undertaken
within theNuclear PlanAgeingResearch Program (NPARYJijth the main emphasis on "Risk-based
management of ageing effects".

Analysis of probabilistic safety indicatorsIn some countries PSAs are used to analyse develop
probabilistic safety indicators. In the Netherlanderia of theNPPs aRisk Monitor isbeing tested
(outside the control room!; Risk follow-up) with a possible objective to derive indicatorsfarshce
points based on the combination of the outage-time (including estireptedime) of safety graded
equipment and the consequential core damage frequency. Also in Sweganr, afthe ongoing
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Nordic research projectinethodsfor risk follow-up and risk contro(on-line risk monitoring) are
developedand tested. In the USA, a system of off-liek based performance indicatorsuigder
study. In the UKsomeplant have on-line or off-lineisk monitorsthat canprovide indications of
safety.

Support during emergencies or emergencplanning. In Finland, PSA calculationmportance
measures) played a role in the recovery actions being taken during a fire incident\ADtipdant
[fire damaged the 6,6 kV circuit breakers].

Other. In several countries Reliability Centred Maintenance is initiated as a procedure (Mexico and
The Netherlands). Also maintenance planning and optimisation is mentioned in a few occasions (Spain
and UK).

Use of PSAs to support regulation

Prioritisation of inspection tasks.In several countries PSA resultere used to prioritise inspection

tasks. Inseveral other countries this wiaseseen as future application. Imight be concludethat

this application is rather new and only being used on an ad hoc basis, and that there is up till now little
experience. In Mexico it is seen as one of the nmpgortant PSA applications fahe regulatory

body. In the USA, the use of risk-based information for inspection purposes sténtedanyl1980's

with the development gilant risk inspectioguides(RIGs). Thes&RIGs, developedrom the plant

specific PSA, provided the necessary risk-based ranking of systems, components and operator actions.
Also, for those plants ndtaving a plant-specifi®SA, generic risk-based guidaneas developed
(NUREG/CR-5637 and NUREG/CR-5692), including the method to make plant specific adjustments.

Periodic Safety reviewsln most countried?SA plays aole in the Periodic SafefReview(PSR).
For example, in Switzerland fdhe oldeplants,these periodic safety reviewase alsaequired as
part ofthe operating license renevpabcess. Th€SRs ardased on an updated Safety Evaluation
Report, an updated plant-specific PSA, a reglooivingthatthe quantitative safety requirements are
met(Total Core Damage Frequency less than 1E-4 per reactor yhar9thpercentile leveland a
detailed review of plant-specific experien€®SAs aretherefore an importanpart of PSRs, to
demonstratehat plant safety is adequate, and that plant risk is accefablyn Sweden the next
round of plant specific PSAs is undertaken, a project called ASAR-90.

Support during emergencies or emergencplanning. In the USA, a prototype BWR Functional
Incident Response Tree (FIRST) methodology was developed to assist the reactor safety teams (within
the NRC response organisation) in their determination of potential accident outcomes. The prototype
system used a generic event tfeemat. After initial testing duringgmergencyexercises, the
complexity of the systerwasfound to be incompatible with the compressed times assoeiéted
decision-making during an emergency and the project was terminated.

Quality Assurance (QA) Programme Optimisation. Only one of the replyingountries (USA)
provided a positive answer to this question. In the USA, plant-specific, graded QA programmes are
being developed which include) a process thatill establish the plant-specific risk significance of
SSCs in areasonable and consistent manner, (b)efiective root cause and corrective action
programme, (c) QA controlwhose extenaind nature reflect the safety function and significance of
SCCs,and ensure safety margiwkile minimising unnecesaryeconomicburdens, and (d) feed-

back mechanismfor reassessin§SC risk significance and controls a®w information becomes
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available. The lastem reflects the dynamitature of risk and is an essential feature of graded QA
programmes.

Changes to regulations and guidance or general regulatory effectiveness evaluationonly a few
countries do PSAs impact, or difely to impact regulation. In the USA. tiNRC issued Regulatory
Analysis GuidelinefNUREG/BR-0058)which involve theuse of PSAmethods to screen and to
prioritise safety issues for particular classes (or type®R¥s. Thisprocess also includes cost-
benefit considerations [referencés8.4and7.8.5]. Seefurther the discussion under prioritisation of
research and development activities.

In institutionalising the Regulatory ImprovemeRtogram and adopting a performance-based
regulatory approachhe NRC hadormulated a performance oriented framewfank revisions to its
regulations. As a first step tihe regulatorymprovementprogram, NRCinitiated studies for
regulations that appear to bildrginal to Safety”. Forexample, thdNRC isdetermining howrisk
insights can be incorporated into its fire protectimmtainment leakage testing and quaigurance
regulations.

PSA as a tool for decision analysis; cost/benefit analysis.only two countrieSAs araused in a
formal decisioranalysis. In Finland, two pilot studiagre initiated to investigate the usefulness of a
formal decision analytic approach for real case safety decisionde@is®mnanalysis was carried out

in several sessions in which decision-makers, techewgadrts asvell asexperts indecision analysis
participated. A multi-attribute value function was applied dscision model sthat attributes had to

be defined toguantify the levels of achievements of the objectives. dttrébutesincluded both
indicators related to thlevel of operational safety of the plant such as camage frequenayiven

by PSA, and indicators related tioe safety culturd,e., how well the chosen optidits in the
regulatory policy. In the USA, cost-benefit analykigs been applied by utilities to optimise
backfitting strategies and by the NRC as an intqgagl ofRegulatory Analysis. The final product of

a PRA-based screening is the assignment of a qualitative priority ("high", "medium", "low", or "drop")
to the issue. Currently, issues with a prioritisation parameter above a certaiargatugomatically
given a "high" priority. Issues with all prioritisation parameters below a certain level are automatically
given a"drop" priority. For valuesdetween these limits, thealue/impact ratio (currently 1000 $/
person-rem) is used in conjunction with prioritisation parameters to assign a priority level.

Other. In the USA steps are being taken to improve PSA skills and trainbig@t Specific actions
include expanding and improving the formal technical training curriculuts dtechnical Training
Center and recruiting outside the agency to add staff with critical PSA skills.

In Japan initiating event frequencies are used to exempt some Postulated Initiating Events (PIES), such
as multi-failure of the process systems airdraft crash tahe reactor from furthedeterministic
safety evaluations.

Use of PSAs for off-site risk management

Safety Obijectives or Safety Goaldt is how widely recognisethat PSAs produceumberghat can
be used as a yardstick to assist saletysions. As a consequence, significant effagbeen devoted
to the development girobabilistic safety criteria (PSC). Most OECD/NE#f&embercountries use
PSC in one way or another in their assessment of nuclear power plant safetz S@iemtude dose
limits for normal occupational exposure and accidémisjving implicit or explicit frequency
considerations and criteria on the loss of core integrity. A large variety of diffeghtan be
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7.8

recognised. The choice of tRSC,their applicability, and whether or not thé38C araused in a

formal or legal manner is dependent on the poliacal regulatory environment. some countries

PSC are used in a formal way, in other countries they are not. Probabilistic criteria may be used in the
design process or/and in the regulatory process.

The variousPSC can be grouped into a number of distinct categories according teveéhef
consequence as follows:

- PSC relating to a particular safety system/ function (level-0 PSC),

- PSC relating to the loss of integrity of the reactor-core (level-1 PSC),

- PSC relating to the magnitude of a large radioactive release (level-2 PSC),
- PSC relating to public health effects (level-3 PSC).

See reference 7.8.7 for further details.

Support during emergencies or emergencyplanning. In a few countries, Netherlands and
Switzerland, PSAmethods and outcomes haveen usedor regulatorydecision-making to define
and/or tomodify the so-called Referenseurce termyhich is thebasis ofthe off-siteemergency

planning procedures.

Use of PSAs for other applications, e.g., Prioritisation of R&D

Prioritisation of research amvelopmentctivities. Insomecountries PSA programmes had a clear
interaction with theongoingresearch programmes. A clear exampleremce where thePSA of the
shut-down mode$ad led toresearch activitiesoncerned with boron-dilution incidents. Another
example is the curredevelopment of éire risk code inSwitzerland.Some countries considered their
first experiences witlPSA techniques, the learning process, alsd®8# development. In Sweden
afterthefirst round of planspecificPSAs, acomprehensiveesearch project called SUPER-ASAR,
was undertaken bthe regulatory bodygimed at establishing 'recommended’ resolutionsritiéal
issueddentified in thevarious PSAs. E.gtreatment otommoncause failures, humatependencies,
and assumptions of reliability data, were quantified in scoping studies. In the USA, the use of PSAs to
screen and prioritise generic safety issgesbeen a high-level decision-making tool in thst few
years. It isthe backbone of the Regulatory Analysis Programme [referér@dsand 7.8.5].
Underlying motivations of this process are originating from the Backfit RUIEFE)50.109and the
policy statement on "Safety Godts Operation of Nuclear Power Plants".JapanLevel 2 PSA
outcomes are used to identify and prioritise important areas of severe accident research.
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8. ROLE OF PSA IN SAFETY REGULATION - FUTURE PSA APPLICATIONS
8.1 Introduction

This question was intended to allow each country to identify and discuss the regulatory applications of
PSA it has under consideration or development

The question, presented in the form of a regi@esinformation on future regulatory applications, is
both general and open-endedhis section of theeport summarisethe responses with regard to future
regulatory applications of PSA anticipatedthg contributing countries. It istended to distinguish the
mere continuation ofurrent activities frommew activities or current activities that anedergoing or are
about to undergo significant modification.

The responses of the contributing countviey in considerably in scope and det@épending on the
size and history of each country's nuclear power i) program. Consequently, many of the
particularspresented in the summaaye from those countries with largeiell-developedNPP programs.
The responses to this question presehtddw are organised into the followingummary, categories: (1)
PSADevelopmenaind Use in Regulatory Decision-Makir{g) Risk-based Configuration Management; (3)
Importance and Prioritisation; (&evere Accidenissues; (5New Plants andddvancedNPP Designs; (6)
Operational Events aridevelopment oPSAs for RA Use; (7) CurreNPP Design and Operation; and (8)
PSA Effects on Regulations. These categ@iesomewhatarbitrary in thatsomeapplications insome
categories could logically have been placed in other categories as Well. specific applications and
associated activities related to each category fuetteer grouped into subcategories of applicatibisted
with each category and each subcategogthe countries whichre actively considering odeveloping
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associatednethods ofapplication of PSA or related activity, a®ll as thosecountries which anticipate
making significant changes to thewrrent application practicesithin the near future. Also shown are
countries that alreadytilise PSA for specific applicationsith the sub-category and do not anticipate
making significant changes to their associgiexttices in the neduture. Naturally, inthe presentations
that follow, some applications are discussed in more detail than others.

CATEGORIES OF FUTURE PSA COUNTRIES WITH APPLICATIONS
APPLICATION
8.2 PSA Methods and Standards Spain, Canada, Germany, Korea,
Development for Use in Regulatory Switzerland, UK, Japan, USA, Finland,
Decision-Making Netherlands
PSA Standards and Criteria Spain, Korea, UK, USA, Canada,
Netherlands*
RA Prepared Guidance foPerforming Canada, Germany, Korea, USA,UK*,
PSAs Netherlands*, Finland*
Development of Safety Goals Korgaanada,UK*, USA*, Netherlands*,

Germany, Finland*
Regulatory Analysis (Cost/BenefitSpain, Switzerland, Canada, UK,

Backfitting) Netherlands, USA*

Development of Seismic PSA Technology UK, Japan, USA, Germany, Switzerland*

Level 2/Level 3Enhancements Japan, USA, UK*, Germany, Finland

HRA Enhancements Germany, UKJapan, USA, Finland,
Netherlands, Spain, Switzerland*, Canada

PSA Based Safety Indicators Spain, Finland, Switzerland

* The asterisk indicateghat the country already uses PSA for specific applicationshin the
subcategoriesand that theountry doesnot anticipate making significant changes toagsociated
practices within the near future.

Experts inmany countries recognisieatthereare areas in current PSAethodologyand application
practiceswhere improvementsan bemade to increase confidence in #ralysis results. In genertiese
areas are associatetth practical limitations in curremhethods, modelanddataused inPSAs. Programs
are contemplated or underway to improve the understandingnattlling of the complex phenomena
associated with the analysis. Many nuclear regulatory authorities (RAs) have intfiedfgegrams are
being initiated in their respective countries to improvePB4 in such areas asman reliability analysis,
analysis of common-cause failure, evaluation of seismic hazardsee#l®/Level 3methodology. Human
performance issues associated wittors ofcommission and with organisation and manageinguect are
examples of curre®SA limitations. Although it is recognisethat variations in application practices and
methodologyand the unavailability of plant-specific reliabilthata, ardikely to affect estimates of risks,
the PSA framework is itself a powerftdol for logically and systematically evaluating the sensitivity and
importance to risk of these and other factors and for evaluating the associated uncertainties.

It should be noted, howevehat while advances in PSfethodologyand applications practices are

being made, followingproperly prepared guidance cassure that lessell developedareas are treated the
same way in all studies $loat advances imethodologyand application practices can be incorporated, as
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they becomeavailable, in an orderly updating procedure. In addition, as indicated above, the sensitivity of
results to uncertainties associated with assumptiongeaarally be estimated. Various countries are
vigorously applyind®SA in safety regulation aiéve developed are inthe process alevelopingsafety

goals, regulatory analysis (i.e., cost/benefit analyses) guidance, guidapesformingPSAs, and PSA
acceptance criteria. the UK, for examplethe RA is researching the definition of acceptamiteria for
sensitivity studies.

PSA is in a state of transition from its use as an exploratorynmsily for gaining insights into
plant vulnerabilities, to its use in a much wider range of regulatory and utilitpaiskgemerapplications.
Comprehensive implementation§A in awider regulatoryarena requires (aorerigorous standards for
performing PSA (assuring state-of-the-art PSA analyses of quality and premisionensurate with the
needs of specificegulatory applications), (b) a process dohieving consistency in interpretation of PSA
results and implication@t the same time establishingesmsonable basis for public expectations), and (c) a
high level of confidencghroughout the nucleacommunity (vendors, licensees, argfulators) in the
methodology and its application (including confidence in the data incorporated in plant-specific analyses).

With regard to PSA in regulatogecision-making, therare at leastwo classes devels of PSA
application; one isinsights oriented and the other is decision oriented. The USA Indivitlaat
Examination (IPE) program providegamples of the formerlPE PSAswere performed with little formal
guidance concerning methodology since IfPE program hathe somewhatarrow objective of helping
licensees better understand th@ants andsevere accident vulnerabilities. Tlag¢ter, however,has to do
with licensing and regulation, and requires a nuiggerous adherence to agreed-upoactices in order to
allow for ready interpretation of summary indicators of risk (e.g., dameage frequencCDF]) without
having to make allowances for the impact of unagreed-upon and unquantified assumeptielvariations,
and data interpretations.

The current state-of-the-art in PSA is such thast RAshave found it prudent not to rely on PSA
alone in making regulatory decisions. There is a general congbiaguBSA ismore effectivewhen
combined with more traditional engineering analyses for decision making.

Most countrieshave initiated orare initiating PSA programsdirected toward systematically
introducingPSA into their regulatory activitiesSomeRAs areexamining specifi@pplications tadentify
special PSAnodellinganddatarequirements, soneredevelopingprobabilistic safety criteria and/or safety
goals, andsomeare developingPSA safety indicators. Several RAs arghin process adeveloping
cost/benefit guidelinefor backfitting. In addition, other RAs atensidering orare inthe process of
developing a comprehensive methodoldgy seismicrisk analysis,which will likely including seismic
hazard evaluation methods, seismic response analysis codes for structures, systems, and components (SSCs
a suitable fragility database, and appropriate computer codes.

CATEGORIES OF FUTURE PSA COUNTRIES WITH APPLICATIONS

APPLICATION

8.3 Risk-based Configuration Mexico, Netherlands, Finland, Switzerland, UK, USA
Management

During Normal Operation (mostith Mexico, Netherlands, Finland, Switzerland, UK, USA
Real-Time Risk Monitoring)

During Low Power/ShutdowrMode Finland, Switzerland, UK, USA, Netherlands
Operation
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Various experts haveoncludedthat throughout planife, risk is controlled moseffectively when
both configuration specific and integrated cumulative lggklsare evaluated itreal-time" and controlled
by appropriate configuration and activityanagement. In this light, configuratiomnagement involves
managing component, train, and system unavailability during all modes of operation lseepstie overall
plant risk, within acceptable limits. Sever&As have initiated programs tdevelop risk-monitoring
methodologiesthat is, risk-basedonfiguration management systenir example, in the UK, Heysham 2
has real-time monitoring capabilities and the RA encourages fdehelopment ofisk-based configuration
management but has no specific, formal regulatory requirement at this time (It should be noted that, although
Sizewell B will have aapability to perform similar calculations to Heysham 2, théisée performed off-
line and the computaticime is expected to be longer)The objective of a risk-based configuration
management system is to UB8A concepts anadethods to avoid potential high-risk configurations by
monitoring theplant andmaking appropriate adjustments f@lanned and unplanned activities. This
involves timely identification of the risk-significarfailures of componentstrains, and systems;
determination of real-time risk profiles of thgant as changes occur (are anticipated); and the
rescheduling of maintenance and testing in such a way asntmise theconfiguration specific and
cumulative risk to plant safety. In thaure, configuratioomanagement is expected to beaaga inwhich
the application of PSA to nuclear power plant operation will likely make a significant impact on safety.

CATEGORIES OF FUTURE PSA COUNTRIES WITH APPLICATIONS
APPLICATIONS
8.4 Importance and Prioritisation ~ Mexico, Canada, Netherlands, Spain, Finland, Korea,

France, Switzerland, USA, UK, Germany, Belgium

MOV Testing USA
IST Scheduling and CustomisedVexico, Netherlands, Finland, Switzerland, USAK*,
Inspections and Test Programmes Korea, Spain, Germany*

Graded QA USA, Spain
Maintenance Canada, Spain, France, UK, Switzerland)SA,
Netherlands
Technical Specifications Netherlands, Spain, Finland, Switzerland, KOf®A4,
UK Belgium
* The asterisk indicatethat thecountry already uses PSA for specific applicatiwithin the subcategory and
that thecountry doesiot anticipate making significant changes toaisociated practicesgithin the near
future.

Numerous licensee activitissibject to regulatory approval chanefit from the application of PSA
methodology tgoroperly focus the attention 6€ensees and theegulator on those aspedtsat have the
largest safety impact. Examples of these activitilade (a) verification of the capability of safety-related
motor-operated-valves (MOVSs) to perform their design-basis safety functiossh@guling of in-service
testing(IST) andthe establishment of more effective and effic{enain or systemgustomised testing and
inspection programs, (cevelopment of gradequality assurance (QA) processes, ddyelopment of a
maintenance program and compliance with associated regulations, and (e) exequibgmaofsdirected
toward either thémprovement ofcurrent (deterministic-based) technical specificatigrs) through the
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incorporation of reliability- and risk-basedethods or the development wéw risk-based configuration
management type TS.

(@)

(b)

(©)

(d)

()

In the USA, guidance iseing developed tose plant-specific PSAs identify the most safety-
significant MOV's and prioritise testing.

In somecountries, for example, Finland, Mexico, Netherlands, Spain, Korea, USA, and Switzerland,
RAs intend to develop generalsk-based in-servicdest and inspection practicdsome with
associated guidander licensees and methodisr verification ofeffectivenessihat (1) help focus

attention on tests and inspectithat aremostneededand (2)provide a frameworkor allocating test

and inspection resources in a cost-effective manner. The insights and experience of RA inspectors are
recognised as key elements in development of risk-based inspection plans.

In the USA, plant-specific, graded QA prograansbeing developed which includ&) a process that

will establish the plant-specific risk significanceS8Cs in aeasonable and consistent manner; (2)

an effective root cause and corrective action program; (3) QA controte extendind natureeflect

the safety function and significance of SCCs, and ensure safety margins while minimising unnecessary
economicburdens; and (4) &ed-back mechanisiior reassessin§SCrisk significance and QA
controls asxewinformation becomeavailable. The lastem reflects the dynamitature of risk and

is an essential feature of graded QA programs. Spain also plans to use B@nige QA
programs.

In many countries the RA believsat the effectiveness of maintenance must be assessed on an
ongoingbasis and in anannerthat provides reasonable assuratitat key SSCsremain capable of
performing theirintended functiorthroughout plant life. Irsomecountries, futurecomprehensive

plant maintenanceprogramswill include the use of PSA to categori§&SCsaccording to risk
significance.

In many countriesegulators are@ncouraging the use &fSA instreamlining plant-specifitS. In

general these effortavolve thecalculation of risk associated with changesliowed outagdimes

(AQOTSs), limited conditiongfor operation (LCOs), anithe simultaneous entering ld€Os of separate

safety systems. This measure is expected to produce an improvement in NPP safety through the use of
improved TShases, a reduction in action stateniedtcedplant transients, anthake more efficient

use of regulator and industry resources.
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CATEGORIES OF FUTURE PSA COUNTRIES WITH APPLICATIONS
APPLICATIONS
8.5 Severe Accident Issues Canada, Spain, USA, UK, Belgium,

Germany,Japan,Netherlands, Switzerland,
France, Finland

Accident Management Spain, USA, Netherlands*, Belgium*,
Germany*, Japan*, Switzerland*, UK
Operator Training and Licensing Canada, Spain, USA, UK*, Japan*, Finland*
Simulators Canada, Finland*
Emergency Planning Netherlands*, USA
Containment Leakage Requirements. USA
Fire Protection USA, FranceUK*, Germany, Spain,
Switzerland*, Netherlands*, Finland*
* The asterisk indicatethat thecountry already uses PSA for specific applicatiwithin the subcategory and
that thecountry doesiot anticipate making significant changes toaisociated practicesgithin the near
future.

In many countriesPSA is already satisfactorily incorporated in established acciger@gement
programs. Inthe USA, accident management is beiplgmented apart of avoluntary industry initiative.
A key product of the RA/industry accidemhanagement activity is vendor-specific severe accident
management guidelines. To confirm the adequacy of licensee implementation, work is unddexaippo
generic and plant-specifiisk insights to serve as laasis for assessingpmpleteness of utility accident
managemenprogramelementge.g.,severe accident training) and sopport regulatory audits d€ensee
accident management programs at selected plants. Thismwolikes performing an assessment of accident
management information containedRE databases in orderittentify insights and information regarding
accident managemestrategies and capabilities tistwould be included in the utility accidenanagement
program. Spain and UK also plan to use PSA to develop plant-specific accident management strategies.

In Canada, Spain, and USA, work is being initiated to incorporate PSA insights into planned revisions
to guidancdor operatollicensing related activitiesThis is expected to includeperatormonitoring, the
evaluation of insights from plant-specific PSAs (internal and extewasits - particularly HRA portions),
and the incorporation of possible enhancements based on operating experience and industry feedback.

CATEGORIES OF FUTURE PSA COUNTRIES WITH APPLICATIONS
APPLICATIONS

8.6 New Plants and Advanced NPP Designsltaly, Germany, France, USA, UK,
Netherlands, Canada, Japan

Design Review (and Certification) USEanada, ItalyGermany, France, UK,
Japan
Licensing USA, Netherlands, Canada, Finland

As part ofthe standarddesignapproval process, applicantssomecountries require submittal of a
design-specifi®SA for RAreview. In general, the RA's assessment includes the traditional evaluation of
eventsthat could lead to core damage and off-site consequence®llaas anevaluation of what the PSA
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reveals abouthe design. Review 6fSA evaluations of pladesign is typically not governed by explicit
formal criteria to the same extent as deterministic evaluations.

In all countries, the RA plans begin or continue to ug®SA tosupplement deterministic analyses in
developing and reinforcing defence-in-depth strategies for their next generdiiBRef PSA igxpected to
be used to suppattie choice of design options, including thima@lving redundancynd diversity of safety
systems. For example, PSA is expected to play a prominent rolediesigaphase of theommonFrench-
German development of a "next generation" PWR.

CATEGORIES OF FUTURE PSA COUNTRIES WITH APPLICATIONS
APPLICATIONS

8.7 Operational Events Assessments andSpain, Netherlands, France,Belgium,

Development of PSAs for RA Use Sweden, Switzerland, USA, Germany,
Finland
Events Assessment (ASP) Spain, Frar@elgium, Sweden, Finland*
Switzerland, USA, Netherlands, Germany*
Generic Issues USA, Spain
* The asterisk indicateghat the country already uses PSA for specific applicatiovithin the

subcategoryand that theountry doesnot anticipate making significant changes toadsociated
practices within the near future.

Several countries (e.gsweden, and USAgrebeginning or continuing to develop RAapabilities to
perform simplifiedPSAs. TheNetherlands is evaluating the option to have in-house capability to perform
PSAs. In general, these effoat®intended tqa) improve modelainddevelop guidanctr conducting risk
assessments of reactor events while at power, (b) develop models and guidance applicable¢hat enants
occur duringlow powerand shutdown conditions, (@gvelop modeland guidancéor conducting risk
assessments of event sequences initiatexkieynal asvell asinternal events, and (djlevelop methods for
extending these analyses beyond CDF to include release and public consequence results.

Current efforts inthe USAare focused on an Accident SequeriRecursor (ASP)mprovements
Program. Plant-specific ASfodelsare being modified tancorporate insights from th€Es for their
respective plants. Theseodels have been loaded into the integraddidbility and risk analysisystem
(IRRAS) code tofacilitate their use. Other countries (e.g., UK) encourage the exploration of the safety
benefits of ASP analyses by licensees.

Other applications of simplifieBSA modelsand methods in geneialeas of risk prioritisation (e.g.,
generic issue prioritisation) argent evaluatiomrebeing considered and explored. TP methodology
is a simple toofor use in risk-basestcreening ofvarious issues in the regulatogpvironment, with the
understandinghat the risk significant issud¢hat arenot screenedut will be subjected to more rigorous
analyses. In this regard, work in the areas of developing containment event trees and simplified source terms
has been recently initiated in the USA.
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CATEGORIES OF FUTURE PSA
APPLICATIONS

8.8 Current NPP Design and Operation

COUNTRIES WITH APPLICATIONS

Canada, Netherlands, FranceSweden,
Finland, Spain, Switzerland, UKJUSA,
Japan, Belgium, Germany, Korea

Operating Procedures

Design Modifications/Improvements

Periodic Safety Reviews

Germany*, Netherlar@anada,Finland*,
Spain*,  Switzerland, USA, Japan*,
Belgium*, UK*

Japan*, Canada, FrancelJSA*, UK?,
Spain*, Finland*, Germany*Belgium*,
Netherlands

SpaiBweden, UK*, Belgium*, Germany*,
Netherlands, Japan*, Korea, Switzerland,
Finland

The asterisk indicatethat thecountry already uses PSA for specific applicatiwithin the subcategory and

that thecountry doesiot anticipate making significant changes toaisociated practicesgithin the near

future.

Perhapghe most extensive use BEA in nuclear regulatory activities Haeen in the assessment of

NPP design andoperation. Forexample,Japan hasecently completed an extensive individymdnt
examination (IPE) program, using PSA texplore operating plants for previousiynrecognised or
underestimated severe accident vulnerabilities, and the USA isamegletion ofits IPE program.Other

countries are irthe process aleveloping or implementinguch a program. PS#Aevelopedfor these
examinations are being used to improve operating procedures and make design modifications. Also, in other
countries thahave no formalPE program, foexample UK and Germany, thesiee requirementgor all

NPPs tohave aPSA. RAs inmany countries have incorporatedape incorporating PSA in thdderiodic

Safety Review programs.

CATEGORIES OF FUTURE PSA
APPLICATIONS

8.9 PSA Effects on Regulations

COUNTRIES WITH APPLICATIONS

Spain, Korea, USA, Netherlands, Canada,
Switzerland, Finland

Regulatory Effectiveness
Changes in Regulations/Policy

Data Requirements

USA, Netherlands, Canada, Switzerland

Spain, Korea, USA, Netherldbdsada,
Switzerland*, Finland

Spain*, Korea, USA, UK

* The asterisk indicatethat thecountry already uses PSA for specific applicatiwithin the subcategory and
that thecountry doesiot anticipate making significant changes toaisociated practicesgithin the near

future.
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In most countries, nuclear regulaticare based odeterministic analyses. Consequerf®§s going
through the process of comprehensive implementation of PSA methods in nuclear regulatory activities expect
to be confronted with the challenge of making appropriate modifications to regulations.

The RA insomecountries aredeveloping guidancéor evaluating changes in risk as a result of
operating history, including cumulative changeleant design, changes to TS and associditshsing
bases, and othehanges to plant operation. The guidateecloped will then bapplied to evaluation of
the effectiveness of major safety issue resolution efforts and resulting regutati@uicing risk to public
health and safety.

Because of the importance of reliability and availabtigta of appropriatguality in performing
plant-specific PSAs, isomecountries the RAas initiated programs aew regulations for establishing
nuclear databasesThese programs or regulations typically require identification of a generic-to-reactor-
type list of risk-significant systems and a processdfemtifying plant-specific, risk-significant systems and
componentdor which reliability andavailability data are necessatggether with specification afeeded
human reliability data.

9. CONCLUSIONS
The main conclusions that can be drawn from the preceding text are as follows:

PSA s aregenerally performed by the operating utility at the direct regofestor with strong
encouragement from tHRA. RA srecognisethat PSA carprovide systematic insights inant safety,
based on the ranking of the relative importance of [éatires, that cannot lgained from a traditional
deterministic analysis.

PSA contains, and has the potential to reflectumber of uncertainties in plant behaviour and
performance. There is no regulatory consensus on the definition of quarddédityegoals. Fewxamples
of quantitative acceptance criteria for uncertainty/sensitivity analysis exist.

All regulatorsbelievethat PSA is ofmost valuewhen itreflects the best estimate (e.g., realistic) of
plant risk.

There iscommon agreemetthat PSAprovides only onénput to thedecision makingrocess. Cost
benefit techniquesan introduce a furth&lement ofuncertainty into the numerical process and this leads
many RAs to view its use and development with caution.

Intensity of PSA activities is increasingorld-wide. The averagactual trends are tdevelop
individual PSAs ofLevel 2 or similar, including thenore significant external events. Analysis of non-full
power operation is still not widespread. Advantageigii degree oftandardisation idesign is taken in
particular cases to develop generic PSAs.

Scarcity of specific reliabilitgata tocover allneeds ofPSA performance iacknowledgedEfforts
arebeing made at both national apléint specifidevel to collectreliability data. National data banks are
only operable in a feveountries.While information on initiating events is close to completemiany
countries and easy to retrieve, information on equipifadnotres, operating hourslemands, maintenance
outages, etc. is more sparse and difficult to obtain. Bayesian update of generic data is frequently required.
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It is generally understoathat PSA must bperiodically updated to cope with changes in design and
operation. Extent and frequency of updates depend on the role that PSA plays in the regulatory framework in
every country.

A lot of research i®eing done in differerdreas oknowledge to improv®SA studies odevelop
applications. The principal areas of reseancludeLevel 2 phenomenology, humagliability, analysis of
external eventgjependentailures, acquisition of reliabilitgataand development otomputational tools.
Further research in such areas suchumsanerrors, safety culturesommoncause failures ocomponent
dependentfailures, shutdown andow-power operationetc., canhelp establish more standardised
methodology in performind®SAs. Nevertheless, in spite of these difficulti#3SA development has
improved significantly enoughthat at thistime, in manyissues, aneéven to somextent in some of the
areasmentionedabove, regulators and utilities alike, are able to utiliee methodology tassist in
establishing the relative safety significance.

PSAs aregenerally produced by the utilities. Regulatoryolvement is normally limited to review
practices and acceptance of PSA applications. Fornsainoe kind of implicitegulatory approval must be
obtained generallwhen PSAsfollow a mandatory requirement, normaditer including commentsnade
during the review process.

Regulatoryreview is aimed to verifthat PSA isperformed according to any regulatory requirements
thatmay existthat proper use of adequatethodologiehiasbeen madeahat major plantveaknesses, risk
contributors, and other insightse correct, and th#te overall analyses is suitalide the specific
application.

The regulatoryreview is focused mainly on the mamaportant topics of th€SA andhe degree of
detail is always in accordance with the uses that will be made of the PSA. Often, review processes take place
at several intermediattages of PSAlevelopment, sthat an importantonsensus between Licensee and
Regulator already existghen thefinal report is submitted tthe Regulator. Nationatéview guides have
been developed only in a few countries.

Specific improvements tplant or proceduregerived from thd>SA aremore frequently identified by
the Licenseghan by the Regulator. Thepproval of suchimprovements followsstandard procedures
established by ankind of modificationsand areconsidered under the perspective of any other relevant
technical branch.

Acceptance oPSA insights and applications in regulation is increasimig-wide. It is generally
recognisedthat deterministic and probabilistic approachesn, and shouldcomplement each other.
Implementation oPSA techniques in regulation is growing somecountries, bustill quite limited in the
average.

It is now widely recognisethat PSAs producaumbersthat can beused as a yardstick to assist
safety decisions. As a consequersignificant effort hadeen devoted to the developmenPobbabilistic
Safety Criteria (PSCAImost every membearountry use®SC inoneway or another in their assessment of
nuclear power plant safety. Although, in most countries this use is stilinagéegl and applied on an ad hoc
basis. The nuclear regulatory requirements in most of the surveyed member countries are deterministic, aided
to limited extent by probabilistic risk insights. Only ifeas countriePSCplay amore dominant role in the
decision-making process.
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Because of the large uncertainties in PSA results, particulahnigyifrefer taiisks at the publibealth
level, many countries found it advisable to define PSC as targets and not as acceptance criteria.

In most countries the regulatory body itself doesar'ty out PSAsOnly in a few countries does the
regulatory body haveeal hands-orexperience witlPSA modelling. The reasoning behirttlis might be
multiform. It might be armpproach t@et an optimaknowledge othe PSA, or toincrease the confidence in
the assessed insights and outcomes and, thereby, to increase the use in decision-making.

The responses of the contributing countviasy in scope and detail consideraldgpending on the
size and history of each country's nuclear power fNIPP) program. The regulatory applications of PSA
discussed in the responses to the questiofutone PSA applicationgrere organised into the following
categories for summary: (1) P32evelopmentand Use in Regulatory Decision-Makirfg) Risk-based
Configuration Management; (3) Importance and PrioritisationSé¥ere Accidenissues; (5New Plants
and Advanced NPP Designs; (6) Operational Events and Development of PSA for RA Use; (7) Current NPP
Design and Operation; and (8) PSA Effects on Regulations.

Many nuclear regulatory authorities (RAs) have indictibedl programs arbeing initiated in their
respective countries to improve tA8A in such areas asiman reliability analysis, analysis @fmmon-
cause failure, evaluation séismichazards, antevel 2/Level 3methodology. Human performance issues
associated with errors of commission and with organisation and managemenanmapgamples of current
PSA limitations. Although it is recognisethat variations in application practices anethodologyand the
availability of plant-specifiadata arelikely to affect estimates of riskshe PSA framework is itself a
powerful tool forlogically and systematically evaluating the sensitivity and importance of faetoys to
risk and the associated uncertainty. Various courgriaggorously applyindPSA in safety regulation and
have developed oare inthe process adevelopingsafety goals, regulatory analysis (i.e., cost/benefit
analyses) guidance, and guidance for performing PSAs.

Various experts have woludedthat throughout planife, risk is controlled moseffectively when
both operational configuration specific and cumulative risk levels are evaluated in "real-time" and controlled
by appropriate configuration and activityanagement. Several countries hdegeloped risk-monitoring
methodologiesthat is, risk-basedonfiguration management systems, and othees inthe process of
developing oplan todevelopsuch systems. Real-time operational configurationmiskagement involves
timely identification of the risk-significant failures of components, trains, and systems; determination of real-
time risk profiles of the plant as changes occuaferanticipated); antie rescheduling of maintenance and
testing in such a way as to minimise the configuration specific and cumulative risk to plant safety.

Numerous licensee activitissibject to regulator approval chenefit from the application of PSA
methodology tgproperly focus the attention 6€ensees and theegulator on those aspedtsat have the
largest safety impact. Examples of these activitilade (a) verification of the capability of safety-related
motor-operated-valves (MOVSs) to perform their design-basis safety functiossh@guling of in-service
testing (IST), as well as the establishment of more effective and efficéntor systemgustomised testing
and inspection programs, @velopment of gradegliality assurance (QA) processes,deyelopment of a
maintenance program and compliance with associated regulations, and (e) exeputigraafs directed at
either the improvement oturrent (deterministic-based) technical specificatig@s) through the
incorporation of reliability- and risk-basedethods or the development éw risk-based configuration
managementTS. Many countries have initiated aare initiating PSA programsdirected toward
systematically introducing PSA into these and other regulatory activities.
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Virtually all countries have used or are in the process of using or plan to use PSA in the assessment of
current NPRdesign andperation, and maniRAs have incorporated are incorporating PSA iReriodic
SafetyReview(PSR) orindividual Plant Examination (IPE) programs. theese countries, the RA plans to
use PSA tsupplement deterministic analysesd@velopingand reinforcing defence-in-degtrategies for
their next generation of NPPs. The RAs in various countries are developing guidance for evaluating changes
in risk as a result of cumulative changes to pisign, changes to TS and associated licesings, and
other changes to plant operation and operating history. Several cduagggsrogramgor developing RA
capabilities to perform simplified PSAs.

Because of the importance of reliability and availabiita of appropriatguality in performing
plant-specific PSAs, isomecountries the RAas initiated or proposed programmesi@w regulations for
establishing nucleatatabases.These programs or regulations typically require identification géreeric-
to-reactor-type list of risk-significant systems and a procesgldotifying plant-specific, risk-significant
systems and components for which data are necessary.

Tremendous efforts haden made iboth OECDMember countries and Non-Member countries
in the production, review and other various facets of PSA. With over 200 PSAs now completed and billions
of dollars spent, it is essentthatone of the maiareas to beoncentrated on, bew best to utilisehem.
In advancing this issuene of theprincipal areas ofmphasis needs to be waining and educating those
who can best profit by thiknowledge(e.g., operatorgnaintenance personnel, inspectets,). In order to
take full advantage of the insigf®SAgives it is necessathatpeople not only have tHeowledge of how
to operate thelant, but, to alsthave a good understanding on a relatigsis of what is important (e.qg.,
systems, components, etc.) to maintaining a safe plant.

In any casethe technical and organisational difficulties can be surmoumtedstrong effort is
required both by managerial and operatiatalfs, industry and regulatory groups, aine experts in PSA
themselves, to enable regulatory systemsviave from a purely deterministimethodology to oné¢hat
encompasses a well balanced deterministic and probabilistic approach, and perhaps suliseqaeaisky
based regulation environmerithis evolutionary concept for regulatory useP&A seems to be ortbat
may be adopted in many countries in fileire. Thetiming and speed of these changegurally,will be
guided by the specific circumstances and cultures of each country.

In addition to these general conclusions, the Organising Committee reached a cohasadusn
discussions during itseetingsand on the Responses to the Questionrati@t how to decompose
differentaspects ofhe main issue into a set of questions propémediscussion byhe CNRAmembers at
their 1995 Special Issudeeting. Those questions, offered to @HRA as guidancéor discussion, are
included as Appendix 2 to this report.
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APPENDIX 1

QUESTIONNAIRE

‘95 CNRA SPECIAL ISSUE MEETING

REGULATORY APPROACHES TO PSA

This questionnairdias beenstructured to gathetogether information from the different Member
countries on their usage of Probabilistic Safety Analysis (RB#)n a Regulatory environment. In this
regard, it is important to describe the reasomigigind performing®SAs,the current national programme,
real case examples of the application BSEAs, andthe direction and trendsr future use of PSA,
recognising the difficultieshat such adirection may pose. The questionnairedigided into 2basic
sections, with a total of five general questions, namely:

Regulatory Environment
Background and regulatory environment.

Role of Probabilistic Safety Analysis in Safety Regulation
General description of national PSA programmes
Regulatory Authority's role.

Current PSA applications.
Future PSA applications.

The questionnaire is primarily directed towards porgecctor applications of PSAlowever, other
regulatory applications of PSA (i.egdicaluses of nuclear material and Fuel Cycle facilities) may also be
addressed for individual questions, where applicable.
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l. BACKGROUND AND REGULATORY ENVIRONMENT

The purpose of this question is to establish the general background on the regulatoRSédeootf
each of the Member countries, in nuclear installationgaiticular, it isintended to identify howSA fits
into that environment so that answers to more specific PSA gquestions can be put into the correct context.

QUESTION

Please describe the general background of how regulation of nuclear installations is applied in
your country and the basic position on the regulatory application of PSA.

Your response should identify and discuss the following points:

%
%

<
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S <

S <

The legislation and framework of national regulatory systems.

The extent to which thRegulator prescribes ttegproach to overall safety justification and the
role played by PSA in relation to that justification.

The use made by the Regulatory Authority of PSA.

Where the regulator requires a PSA to be performed, the objective of the study should be discussed
(identifying limitations in the other approaches that the PSA is judged to surmount).

Any PSA related guidance or procedures that exist.

Whether the scope and interpretation of PSAs differ for old and new plants?

Whether the PSA is performed on a best estimate or a conservative basis?

Whether sensitivity studies and/or uncertainty studiesperformed andhow theRegulator
interprets and uses the output from such studies.

Where quantitative safety goals or criteria exist this should be identified but the actual targets, etc.,
need not be given. Discuss if preconditions are established and the underlying rationale.
WherePSA isvolunteered from the utility, the background to the objectives of the study should be
discussed. What use dofie PSA ismade by theregulator (in the absence of any PSA
requirements)?

Limitations perceived by the Regulatory Authority on using PSAs.

What review process idfollowed (or required) for PSA assessméither by the Regulatory
Authority or the Utility)?

Whether the Utility uses the same criteria and judgement process as the Regulator?

The Regulatory attitude to the use of PSA in cost/benefit analysis?

What proportion of planthave already haBSA undertaken? Whattlse intention to provide
PSAs for all plants?
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.  ROLE OF PROBABILISTIC SAFETY ANALYSIS IN SAFETY REGULATION

1.0 PSAPROGRAMMES

The purpose of this question is to obtain general informatiaut national programmes for PSA
applications. More detailed information about specific applications is requested in questions 1.3 and 11.4.

QUESTIONS

@ What is the scope of the analysis (Level 1, 2, i8ternal hazards, external hazards,
shutdown/low power modes, etc.)?

(b) Are PSAs provided for individual plants or are studies provided for a generic or
specific class of plants and the results applied generically?

(c) What systems exist to collecand analyse reliability data at both plant andnational
level?
(d) Are PSA studies provided on theunderstanding that an updated study will be

necessary? If so, at what intervals and what is the extent of the required update?

(e) What PSA research programmes are underway or planned?

NOTE: PSAsmay be producefbr a number of plants, both operational andlésign. The
guestions listed above, may therefareed to beanswered forindividual plants or
collectively.

49



NEA/CNRA/R(95)2

.  ROLE OF PROBABILISTIC SAFETY ANALYSIS IN SAFETY REGULATION

2.0 REGULATORY AUTHORITY'S ROLE

This group of questions istended to collect information on the roleregulators irconnection with
the preparation and utilisation of PSAs. Since PSAs are used as a tool in regulatory appticatibioss
may exist on how regulators review or interact with the development of PSAs.

QUESTIONS

@ What is the degree of regulatory involvement in the production of the PSAs?

(b) Is there any formal approval of the PSA by the regulator required on completion of the
PSA or at stages during the production of the PSA?

(c) What are the objectives of the regulatory review?

(d) To what level of detaildoesthe regulator assesgshe PSAand what, if any, review
guidance has been developed by the regulator?

(e) Are plant and procedure improvements resulting?SA studies mostlyjdentified by the
utility or the regulator? How are such modifications approved?

® How are PSA findings accepted within the national regulator environment?
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.  ROLE OF PROBABILISTIC SAFETY ANALYSIS IN SAFETY REGULATION

3.0 CURRENT PSA APPLICATIONS

Many applications are usualigentionedor PSAs. The purpose of thisiestion is to descritsme
casesvherereal experience with regulatory applicationRBA haseen derived. It ialsointended to find
out whether PSA expertise is confined to a single group (strictly concerndelSaijtorwhether ithasbeen
to some extent developéaroughout the organisation. Thi®uld include théasic reasoning (e.g., causes
for applyingPSA,....)specific process (e.g., acceptaedéeria,....) and possible generalisations applied in
each case.

QUESTION

Please describe real cases of PSA applications relatedniaclear safety regulation thathave
been experienced so far. The description should include basic reasoning and spegificess for
typical PSA applications like (but not limited to) the following:

Identification and comparison of alternative design and procedures.

Exemptions, specific improvements, or general optimisation of limiting conditions for operation.
Prioritisation of inspection tasks.

Incident analysis or generic precursor studies.

Evaluation or improvement of operator training programmes.

Accident management planning.

Support during emergencies or for emergency planning.

Prioritisation of research and development activities.

Quiality Assurance programme optimisation.

Changes to regulations and guidance or general regulatory effectiveness evaluation.
Analysis of probabilistic safety indicators.

PSA as a tool for decision analysis.

Ageing analysis.

Safety objectives or safety goals.

Periodic Safety Reviews.

Others.

(SRS IR IR IR IR IR C IR IR IR S IR C IR AR SR SR o
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II.  ROLE OF PROBABILISTIC SAFETY ANALYSIS IN SAFETY REGULATION

4.0 FUTURE PSA APPLICATIONS

Many regulatory systems in the Member countaies primarilydeterministic innature. However,
there have been significant advances instage ofthe art inrecent yearszoncerningPSA. Thefollowing
guestion relates to future application and directions for PSA applications.

QUESTION

Please identify any future regulatory applications oPSA either activelyunder development or
being considered for future developmente.qg.,inspection planning, optimisation of testing and
maintenance schedule, PSA based performance indicators, and periodic safety reviews).

Your response should include descriptions pertaining tdotlmaving issues for_each application
identified:

%
%

<

Objective (e.qg., risk reduction and/or resource saving).

Specialmodelling ordatarequirements (e.g., exterrelents modellingplant specificdata,on-line
models, etc.)

Regulatory changes required fomplementatior(e.g., revisions to laws or regulations, regulatory
guidance, codification of acceptance criteria, etc.)

Implementation schedule.

Other special considerations (e.g., training for both regulator and utility staff).
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APPENDIX 2
PROPOSED QUESTIONS FOR CNRA DISCUSSION

» CAN APPLICATION OF PSA INSIGHTS SUBSTANTIALLY CONTRIBUTE TAOHE SAFETY
IMPROVEMENT OF NUCLEAR POWER PLANTS?

» CAN PSA BE EFFICIENTLY USED TO INCORPORATE OPERATIONAL EXPERIENCE AND
ADVANCES IN RESEARCH AND TECHNOLOGYINTO PLANT SAFETY IMPROVEMENTS
AND VERIFICATION OF IMPROVED SAFETY PERFORMANCE?

* ARE ACCEPTANCE CRITERIA FORQUANTITATIVE PSA RESULTS ORFOR UNCERTAINTY
AND SENSITIVITY ANALYSIS ESSENTIAL OR NECESSARY FOR PRACTICAL
APPLICATIONS OF PSA?

« WHAT ARE THE RELATIVE MERITS OF THE DETERMINISTICAND PROBABILISTIC
APPROACHES IN REGULATION? HOW SHOULDTHE PROBABILISTICAPPROACH
COMPLEMENT THE TRADITIONAL DETERMINISTIC APPROACH?

* IS THE USE OF PSA METHOD®ND INSIGHTS A NECESSARY CONTRIBUTION TO THE
FURTHER IMPROVEMENT OF REGULATIONS AND REGULATORY PRACTICES?

FUTURE (TOTAL?) RISK BASED REGULATIONS? SHOULD CNRA/CSNI DEVELOP A
COMMON UNDERSTANDING OF THE USE OF PSA IN THEEGULATORY FRAMEWORK? IS
THE DEVELOPMENT OF RISKBASED REGULATIONS AN APPROPRIATE LONGTERM
OBJECTIVE FOR THE APPLICATION OF PSA?
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