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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS

The Committee on th&afety of Nuclear Installations (CSNI) tiie OECD NuclearEnergy
Agency(NEA), is an internationatommittee made up of seniscientists and engineers. was set up in
1973 to develop and coordinate the activities of the Nuclear EAggycy concerning the techniapects
of the design, construction and operation of nuclear installations insotheyaaffect the safety of such
installations. The Committee's purpose is to foster international cooperation in nucleaesaiegy the
OECD Member countries.

The CSNI constitutes dorum for the exchange of technical information aod collaboration
betweenorganisationsvhich can contribute, from their respective backgrounds in resedesiejJopment,
engineering oregulation, to these activities and to the definitioitoprogramme of work. It alsgeviews
the state ofknowledge on selectetbpics of nuclear safetjechnology andsafety assessmerihcluding
operating experience. It initiates and conducts programmes identified by these reviews and assessments in
order toovercomediscrepanciesgevelop improvementand reach international consensus on technical
issues ofcommoninterest. It promotes the coordination of work in different Member Cournithsding
the establishment of cooperative research projects and results to participating organisations. Full use is also
made oftraditional methods of cooperatiorsuch as information exchanges, establishmenivarking
groups, and organisation of conferences and specialist meetings.

The greatepart ofthe CSNI's currenprogramme of work is concerned wihfetytechnology of
water reactors. The principateascoveredare operatingxperience and the humégactor, reactocoolant
system behaviour, various aspects of reamarponent integrity, thehenomenology afadioactive releases
in reactor accidents and thewnfinement, containment performandek assessment, asgvere accidents.
The Committeealso studies the safety of the nuclear fuel cycle, conducts periodic surveys of the reactor
safety research programmes and operates an internat@ailanismfor exchangingreports on safety
related nuclear power plant accidents.

In implementingits programme,the CSNI establishes cooperative mechanisms with NEA's
Committee of Nuclear Regulatory ActivitieCNRA), responsible forthe activities of theAgency
concerning the regulation, licensing and inspection of nuclear installationsegilhds to safety. It also
cooperates with NEA's Committee on Radiation Protection and Public Health and NEA's Radioactive Waste
Management Committee on matters of common interest.
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FOREWORD

At the OECD/NEA Symposium on Reduciigactor Scrankrequency (Tokyo, Aprill986), it
was recommendedhat the collection ofstatistical data on reactor scrams dmntinued and updated
regularly; thisrecommendatiomwas subsequentlgndorsed by the NEA Committee on Bafety of Nuclear
Installations (CSNI). As #&llow-up to this initiative, the NEASecretariatompiled a secongsue of the
statistical data on reactor scrams for 1987; that compilation was published as CSNI Report No. 157 in May,
1989. Based on th&€SNI'srecommendations, the NEBecretariat subsequently produced annual reports
entitled "Statistical Data on Reactor Scrams", the most recenbeinghat forthe 1993 scram datassued
in August 1994,

The current report consists of graphs of the average scrams per wetl as theaverage scrams
per 1000 hours criticalvith the turbine on-linefor the data collected duringl993, aswell as graphs
showing trends from989 to 1993. Part dives oneggraph per countrghowing the trendor 1993 aswell
as graphs of percentage mfin signals byplant designsPart 2 is acompilation of tables and reports
provided by Member countries.
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ABSTRACT

This report was prepared by Jirgen Rumpf, TUV Nord e.V., HambGeymany for
OECD/CSNI-PrincipamWorking Group 5,within a consultantontract of theOECD/NEA. It summarises
the results offour workshops orLiving PSA applicationheld 1988, 1990, 1992 1994 in Hamburg,
Germany. The workshops were organised by TUV Nord e.Vsugportthe OECD/CSNI-Principal
Working Group 5 (Risk Assessent) Task Group 95-2and the co-operating IAEA with respect to the
exchange of experiences on living PSA application and the state-of-the-art of this method.

The report points out characteristic features of LPSA applicationdamelopmentrather than
being a systematic and comprehensive analysis of the state-of-the-art. It includes characterisations of current
applications of LPSA as well as modelling and regulatory aspects. Open issues are listed.

It wasconcludedhatthe workshops turned out very useful on the waynmee sophisticated use
of LPSA methodsfor plant specific applications. To further facilitate LPSA application @entlopment
discussions on selectedleas areonsidered to baseful. Such discussions could cover a specification of
conditions for plant specific use of LPSA as well as quality assurance and control measures.



NEA/CSNI/R(95)2

1. INTRODUCTION

Fourworkshops on LPSA applicatiomere held affUV Nord e.V. in Hamburg sinc&988. The
workshops were organised soipportthe OECD/CSNI PrincipaWorking Group 5 on RiskAssessment.
The almost100 paperspublished in four summary reportgl/, /2/, /3/, /4]), aseries of computer
presentations and a lot of discussions at the workshops reflect the state-of-theR®Aoaswell as a
progressing trend towards practical plant specific applications of LPSA in 18 countries.

LPSA is well established in different uses at several utilities of NPP.

The TUV workshops ara@imed at encourage utilities aadthorities to go the way towards plant
specific application of LPSA by an approprigechange of experienceyenthough the conditions for
applicationneedfurther clarification. Managememtspectshave to be taken into account in amproved
way, quality assurance has to bepioved as well as mode#nd tools requir@ngoing development. In
somecountries a clarification process on LPSA approach is under Ways this reportcould initiate
discussion on future ways how to support the process of LPSA development and application.

This report summarisethe experienceshat were reported at théour workshops. Itmainly
concentrates on the 4th workshop the contributionshi¢h areassumed to represent important aspects of
the state-of-the-art of application adevelopment o PSA. StatementSom the previous workshopgere
taken into account to supplement the presentations of the 4th workshegllags to delineate the
development process in both LPSA development and application.

Chapter Zyives ashortoverview on thdour workshops. Chapter 3 summariies presentations
of the workshop with respect to main subjects of LPSA application.

A proposal onhow to further support LPSAdevelopmentand application isgiven in the
concluding remarks of chapter 4.

2. OVERVIEW ON WORKSHOP CONTRIBUTIONS

Within the four workshops,held in 1988, 1990, 1992, 1994 (/1/, /2/, 13/, 14]), papeese
presented byauthors from 18 countriethe IAEA andCEC. Table 2.lists thecourtries represented by
papers athe workshops22% ofthetotal amount of 9 paperscame from utilities,10% from vendors, 8%
expressed the views of licensimgganisations and 60%vere prepared by other institutions such as
engineering comanies, research institutes amdliew organisations. The number paperspresented by the
different organisations at each workshop can be seen in table 2.2.

At all workshops most contributiongere presented by engineeriagd research iriiites. This
situation reflects probably from the amountdavelopmentand research workeededfor LPSA routine
application by utilities and authorities. In addition plant specific useP8&A wasconsidered as toeed
PSA expects to a considerable extent.

No significant tendencgppeared with respect to theedfor the different types of contributing
organisations over théme period whichwas considered. However a general tendemoyards more
specified application dfPSA in real plant useyhichwasaccompanied by specific developmentaidels
and tools as well as management conditions, could be found.
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The following general subjects were chosen for this report fhencontributions of the workshops
to represent the main aspects of LPSA:

- definition of LPSA

- objectives and scope of application
- regulatory aspects

- development programmes

- status of LPSA application

- modelling and management aspects
- computer codes

- open issues.

Table 2.1. Countries and international organisations represented by authors
of workshop contributions

1988 1990 1992 1994
Canada Canada Finland Finland
Denmark Finland Germany Germany
Finland France Italy Romania
Germany Germany Japan Slovenia
Italy Japan Mexico South Africa
Japan Mexico Slovenia Sweden
Sweden Sweden Spain Switzerland
Switzerland SU (Russia) Sweden Taiwan R.O.C
USA UK UK UK
IAEA USA USA USA

IAEA CEC

10 11 10 11

Table 2.2. Numbers of workshop papers presented by different types of organisations

No. of contributions

type of organisatioﬁr 1988 1990 1992 1994 sum
utility (plant staff, headquarters or 5 7 4 5 21
comparable department)

licensing organisation/re¢atory body 3 2 1 2 8
vendor 2 3 3 2 10
other institution 11 12 17 18 58
sum 21 24 25 27 97

1

If institutions of different types contributed to a paper the author which was considered most closely to the content

was counted. This might have resulted in slightly subjective portions of the different types of organisations.
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3. LPSA SUBJECTS
3.1 Definition of living PSA

Formal definitions of the term "LivinBSA" aregivene.g. in the referencéd/, /5/, 16/, [7/. In /1/
principles of LPSA are defined by focusing on the following questions:

- Whatis a L-PSA?

- What are the main practices of L-PSA?

- What are the safety relevant factors to be monitored by a L-PSA (Level 1)?
- What are the tools for L-PSA?

- Who should perform a L-PSA and how?

In /5/ LPSA isdefined as being a "dailyafetymanagement system" which is "based quiaant-
specificPSA and supportingpformation system". In thipaper LPSA is asumed toexpress risk at given
time and plant configuratiorReferencd6/ definesLPSA as adynamicPSA tool for assessing real plant
configuration andvhich is cgable of producing results in usefirhe scales. In /7/ @efinition is given as:
"LPSA is thattechnology which allows the performanceR8A within an appropriately smaltime period
and which is updatesufficiently regularlyto remain valid at all times".

Despite these definitionsre given in generaterms theyare, asdefinitions in other references,
closely related to defined objectives/purposes as well as conditions of LPSA applitiatisradefinition of
LPSA needs reflection ofvhat is stated with respect to these terReference/5/ describes a "Nordic"
approach for LPSA application which is a "combined application of

- Living Probabilistic Safety Assessment (PSA) and
- Operational safety indicators

It is aimed at decision making @afety issues. The LPSgoncept described ifs/ hasled to a
programme foimplementingLPSA and is based devel 1 PSA application and aommon conviction on
the usefulness d®SA among the persorthat are inolved in PSA activities athe utilities aswell as the
regulatory bodies. This "Nordic LPSA application" comprises three main subjects of application:

- Long-term safety planning,
- Risk planning of operational activities and
- Risk analysis of operating experiences.

A characterisation of these three categoriedBSA application can bdound in table 3.1
(from 5/).
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Table 3.1. Application of living PSA (from /5/)

Application Long term safety Risk planning of Risk analysis of operating expefi-
planning operational activities ence

Approach Risk assessment Risk monitoring Risk follow-up

Result Identification of risk Test planning. Analysis of operating experiencp.
contributors. Maintenance planning. | Operational risk experience
Comparison of alternativeOperational decision feedback.
design and procedures | making Verification of PSA models.

Risk measure Nominal risk Instantaneous risk Retrospective risk
Inherent risk frequency Probabilistic indicators

In referencd8/ the main objective of a livin@SA system is characterised as "topde flexible
and versatile means to includsk perspective as an essentadtor in all importantlecisions concerning a
nuclear power plant’Accordingly LPSA models should have thability to maintain updatechodels and
data.Based on these feature®SA should be able tgive assistance to the plastaff on opertional
problems. In reference /8/ LPSA development is derived from spkssit 1 PSA applications andimed at
operational tasks of the specific plant under consideration.

In referencd6/ LPSArequirementare alsaderived from operationadeeds of a specifisPP and
based on experiences gained from a spdeifiel 1 PSA. As anoverall objective an enhancement of safety
"by greater understanding " afaximumreturn of financiainvestment in the production of a large PSA"
was ddined in/6/. Inaddition it is statedhat a LPSAtool "must be able to provide information to station's
operational staff in a format most usefukitemand in theime scale they require". The use'as-line risk
monitor, or dynamic form of the Technical Specifications" was defined as the "ultimate goal" of LPSA.

In reference/9/ the objectives oLPSA arederived fromPSA application tahe plantunder
consideration. LPSA will assist on safety decisions which arouse from operatiorptdrthd-romthe point
of view of theauthors ofreference/9/ LPSA isused for reatime assessment, which, infast step, is
carried out on awnff-line base.However development of an on-lineol, which islinked to theplant data
system, is under work. LPSA is expected to give both safety and financial gains.

Reference /7/ points out a need for LPSA derived from:

- an unease with the current basis for some plant operations
- a beliefthat LPSA carprovide the capability to scrutinise th&ant innewways and taoptimise
(in some sense) its operation where previous procedures have been lacking

In addition reference /7/ defines capabilities of LPSA including:

- to respond flexible to operational circumstances

- to effectively provide an environment within whictsk profile can bequickly and accurately
calculated

- to promptly and accurately measure risk (Risk Monitor).

A summary of differences betwe®SA and LPSA is alsgiven in/7/. Despite the subject of
LPSA waspresented from different points efew with different aimssome general conclusions will be
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given. It wasconcluded from the contributionisat LPSAdefinition was not restricted to terms wiodelling
and computer tools only. Several aspects were stressed for describing the rational behind the term LPSA:

- Objectives and scope of application

- Conditions of use

- Capabilities of the models and tools.

Figure 3.1 summarises the different aspects which were used to define LPSA.

LPSA

Objectives and
Scope of
Application

Objectives:
Long-term safety planning

(Risk assessment)

Risk planning of operational
activities

(Risk monitoring)

Risk analysis of operating
experiences

(Risk follow-up)

Scope:
Design and construction
Level 1 PSA

(Level 2 PSA)

(Severe accident management)

Figure 3.1. Aspects used for defining LPSA

Conditions
of
Use

plant operational experiences
Level 1 PSA experiences

concept for use of LPSA
methods and tools
appropriate computer tools

programme for development
of methods and tools

Integrated approach on
decision making including
other aspects than LPSA

Utility and authority acceptance
Direct involvement of plant staff

10

Capabilities of
Models and
Tools

Plant-specific information

flexible and versatile methods
and tools according to operational
requirements
Updating capability according
to operational requirements
Off-line sufficient

On-going model development
user interface

Tools available on PC at plant site
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3.2 Objectives, scope and conditions of use
Objectives and scope of application

The general objective dfPSA is togive assistance on safety (and availabiliigcsions to the
plant staff. Such assistance is given in 3 different areas(from /5/):

- Long-term safety planning (risk assessment)
- risk planning of operational activities (risk monitoring)
- risk analysis of operating experiences (risk follow-up).

LPSA application range from @omprehensivapproachcomprising all theséasks (/5/) tasingle
tasks that can belassified according tone of theaboveareas (e.g. /10/). Atresent LPSA activities are
focused on level PSA. However some actities were reported oresearch activities olevel 2 PSA and
severe accident magenent /13/, /10/, /11/, /12/.

The objectives oLPSA areexplicitly discussed in referencés/, /8/, /6/and/9/. A common
objective ofLPSA can bederived fromall contributions adeing arisk assessg means which is applied
within decision making processes oN&P.Under this general aim severspects othe decision making
processes and features of models and tools were reported. Such areas of decision making include e.qg.:

- plant modifications and temporary configurations,

- allowed outage times and exemption applications,

- relaxation and optimisation of testing and preventive maintenance
- balancing preventive and corrective maintenance,

- evaluation of ageing and trends in risk contributors,

- importance of risk awareness/risk impact,

- operator training,

- safety culture.

Important features were reported to be:
- time dependent risk monitoring
- on-line or almost on-line safety monitoring
- more realistic modelling
- flexibility and versatility.
Table 3.3 shows some statements with respect to objectives of LPSA.
Conditions of use
In this context the following aspects were emphasised:
- Despite LPSAdevelopment needs mucheoretical research amodelsand computer codes it

should be strictly related to application, that means derived from plant operatiotedelrlddPSA
experiences (e.qg. /8/).

11
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- LPSA implementation requires a speciatlgfined system oépplicationincluding a concept on
how touse LPSAmethods andools, appropriate computer tools andancept how talevelop
methods and tools (/5/).

- As LPSA is used tassist indecision makingOther contributions of thdecision making process
should be integrated in aappropriate approach. This is e.g. demonstratedhbycombined
application of LPSA and operational indicators in reference /5/.

- The application of LPSA requires acceptance from both utilities/plataff and
regulatory/licensing authorities (e.g. /5/).

- Plant personnel must be directly involved in LPSA (e.qg. /5/, /6/).
3.3 Regulatory aspects and related research projects
Workshop contributions which deal with regulatory aspects mention the following subjects:
- regulatory needs
- pre-requisites and problems
- decision making
- licensing
- guidelines on performing and review PSA
- research projects
Regulatory needs
The following needs were pointed out:
- establishment of decision making criteria (/5/)
- promotion of PSA by research programmes (/23/)
- further development of guidelines on LPSA performance and PSA review (/23/).
Pre-requisites and problems
Pre-requisites and problems of LPSA applicationtheey are seen from individuals of the UK
regulatory bodyare mentioned in/7/. However these statements do not represent official views on the
considered subjects. For details see table 3.4.
Decision making
Frequency and probability criterare to beused within decision making. Howeverobabilistic

estimates, deterministic analyses andineering judgement have to be combined within the decision making
process (/5/).

12
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Licensing

In /39/ LPSA wasdiscussed as "a communication tool betwesgulator and utilities". Thus
Finnish utilitiesare required to perforrPSA studies up téevel 2. ALPSA prgrammewas set up to
achieve the following objectives which were defined by the Finnish regulatory body:

- to identify the most outstanding accident sequences, i.e. to work out risk topography of the plant;

- to reveal the weak points in design, procedures and equipments and needs for backfitting;

- to make the plargtaff to understanthe plant as ahole, to understand the physical and temporal
progress of accidents and;

- to make the personnel to understand the sensibléraely measures to prevent and mitigate the
consequences of accidents.

Plantpersonnel is expected by the regulatory body to do the majority of work dueetothese
objectives.

According to/9/ the licensingauthority requires demonstration of compliance with probabilistic
criteria forthe safety oNPP. Aperiodic safety assessment includiP§A isrequired for all German NPP
every 10years (/24/, 123/)The periodic safety assesent coverdevel 1 PSA andthe assessment of active
containment functions. Thime schedule of the periodsafety assessment is planned to cover a range of
about 10 years.

Guidelines on performing and reviewing PSA

A guideline on how tgerform PSA was issued Bermany in1990. It isaimed at level 1 PSA
and requires the usage of plant-spediiita. Updating is required for perfotimg PSA every 10years for
GermanNPP. Furtherdevelopments ofthis guidelineare under way. Theyare focused on the following
subjects:

- updating in compliance with the international state-of-the-art
- methodic supplements

- treatment and interpretation of uncertainties in PSA

- evaluation of PSA results

- determination of quality criteria of PSA.

A project ondevelopingand establishing guidelines d®SA reviews is sponsored by German
authorities (/25/). This activity i@imed at the revieyrocesswhich is requiredor evaluatingthe results of
the periodic safety assessment to be performed for each German nuclear power plant.

Research projects

Research projectsyhich aresponsored by licensing/regulatory organisatiovere reported to be
aimed at:

- development of models, data bases and computer codes (/5/, /8/, 123/, 15.4/), e.g.
» methodical anddata basalevelopmentfor the analysis of humafactors, uncertainties, and

common cause failures
* investigation of non-full power states

15
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» development of procedures for including external events into level 1+ PSA
e containment performance analysis
» PSA for new reactor concepts

- conditions for application of LPSA (/5/, /123/)
- safety criteria based on qualitative and quantitative results of PSA (/23/).

Statements on regulatory aspects fnaferenced5/, /9/, 124/, I7/,and/25/ aresummarised in
Table 3.4.

3.4 Development programmes

Programmes for furthetevelopmenareaddressed in referencés, /8/, /6/, /14/, 125/, /15Each
contribution of the workshops is understood to gaet of a developmentprogramme. Howevepnly
explicitly specified programmefor development oLLPSA aredescribed here. Moreover no mdiss of
tasks to besolved are listed in this subsection. The projectsentioned in/25/ are described in
subsection 3.3. Modelling aspects and computer tools are addressed in subsections 3.5 and 3.6 respectively.

Two general approachdsr the development oEPSA were reported. In/5/, /15/ ageneral
comprehensive developmeptoject on usage and application of LPSA is characterised. Similarly the
process described 14/ is based ogeneral ideas. Where&/, /6/ describe an ongoing improvement of
level 1 PSA by operational use of LPSA.

The development programmesre performed by consortia of utilities/designers, research and
engineering companies respectively as well as in some cases regulatory/licensing bodies.

Table 3.5summarises main objectives and thtatus ofthe programmes. In addition short

characterisations of the programmes are given as well as the main particidantastisey were mentioned
in the papers.
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3.5 Status of LPSA application
The status of LPSA application is characterised by the following general terms:

- plant specific use
- case studies

- concept

- plan.

Plant usemeanghatthe LPSA directly effects design antbnstruction, operational procedures or
operation of the plant under consideration. T case studiesvas used for operational test phases based
on real plant configurations. The temonceptmeansthat conditionsfor real plant application of LPSA
were defined. The terflan describes plans for implementation of LPSA at a specific plant.

The defined phases of application were related to the following five different fields:

- Design and construction

- Level 1 PSA

- External events

- Level 2 PSA

- Severe accident management.

These subjectare related tdhe scope oPSA approactusedrather thanpresenting different
methodical develapent stages, as e.g. different computer tools, plant models, data handling.
In addition to this assessment the reported LPSA were sorted into the three different classes of application as
they were defined in /5/:

- Risk assessment
- Risk monitoring
- Risk follow-up.

These classes disey were used ithis sectioraredifferent methodicabases rather thadifferent
methodical developmerdtages. So, aophisticated approach to LPSA applicatinoludes all ofthose
disciplines.

Looking at thefour workshops under consideration, it whasind that plantspecific use has
developedtowards an application ofmproved models, tools andata handling systems, which is
characterised by aore specific use 0EPSA in operationaldecision making. Extensivplant specific
applicationswere reportede.g. in/26/, /271, 128/, 129/, /30/, /31T hese applications demonstrategoing
gualification as well as are assumed well established and precisely defined at a routine level

They very well demonstrate the developnamatcess of applying LPSA for plant specific use. As
an example the following main steps towards real plant specific use of LPSA can be taken from /27/:

- The use of PSAmethodswas initiatedafter plant safety featuresere questioned following
abnormal plant-specific safety related events.

- Fromlimited PSAweaknesses in systems were fotimat were "believedacceptable becaudaey
met licensing requirements".

- At the beginning a few engineers did PSA work in addition to other safety related duties.
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- A large amount of backfitting measurésrived from the accident in Three Mile Islaed to "a
growing sentimenthatthere had to be a better way to understand, prioritise, and manage safety
issues and to assure that utility originated safety projects would be given equal consideration".

- PSA capability wasmproved and activities increased in responseP8A initiatives of the
regulatory body. Thisncludes managemeaspects such as subjedefined at the beginning of
work:

. "Rather than contracting out PSaRork to outside consulting firms, Brobailistic Risk
Assessment (PRA) Section would be formed in the Safety Analysis Branch.

. The PRASection would be responsilfler providing PSA related support tihe design and
licensing groups.

. The PRAsectionwas todevelopand maintainliving PSA modelsfor all NU operated
nuclear power plants.

. A general fiveyear plan wasleveloped testaff up andnitiate PSAmodelsfor each of the
operating nuclear units, with priority based on the age of the plants. "

These activities were aimed at developing full plant models.

- Safety goals identifying public risk and core melt frequency levels were defined.
- Planswere establishedor usingthe living PSA models inall plant supportactivities (design
changes, technical specifications changes, procedural changes, training)

Comparing the presentations of tfaur workshops no significant increase tok nunbers of
contributions dealing witlieal plant specific use was found. (TRisnply reflects representation by the
workshop contributions and does not necessarily indicate a misietppmenprocess towards increased
LPSA applicationwhich is assumed to be evident in general.) Howevdewelopmentowards amore
clearly definedandflexible use of PSA wasvident. Acharacterisation of thetatus ofapplication in terms
of results and their implementation in plant specific use is given in table 3.6.

Sophisticated plant specific use viaand to be concentrated at a few utilities with small changes
within the course of the four workshops whereas other PSA teams are assumesktkiiillacceptance to
a real operational plant use at both utilities and authorities.

Despite LPSA plant use iwell established at sometilities the methodology isstill partly
guestioned in many presentations of filigrth workshop. Irfact each contribution more or less points out
modelling aspects. This situation refledtsat "living" PSA atthe currentstatus is aconceptthat can be
successfully used in plant operationt needs ongoinglevebpment. In addition the results and insights of
LPSA depend on the methodicapproach. Fosometasks noconsensus is available, e.g. figtermining
time dependent results and their interpretation.

Tables 3.7 and 3.8 list numbers of LPSA applications that were reported at the workshops.
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Table 3.7. Numbers of LPSA plant usage and related classes of application

Objective No. of studies
plant specific use case studies concept plan
88| 90| 92| 94| 88 90 92 94 8890 | 92| 94| 88| 90| 92| 94

Risk assessment ] 5 4 4t 6 B B -4 12| 2 - 2| - -
Risk monitoring 2 2] 1] 2 - - 3 2 -1 3] 2 1 - 2 - 1
Risk follow-up - - 1 - - - 2| 2 -1 1] 2 - - - - -
) 5| 7| 6| 6| -| 6| 8] 7| -18|6|3|-]4] -]1

Table 3.8. Numbers of LPSA plant usage and related scope
Scope No. of studies

plant specific use case studies concept plan

88| 90| 92| 94| 88 90 92 94 8890 | 92| 94| 88| 90| 92| 94

Design and - - 1 - - - - 1 - - - - - - - -
construction
Level 1 PSA 3 6 3 4 - 1 3 3 -l 3 2 2 - 2 - 1
External events - - - 2 - - - S - - - - - -
Level 2 PSA - - - 2 - - - - - - - 1 - - - -
Severe acdent - - - 1] - - - - - - - - - - - -
management
) 3164 9| -| 1| 3] 4| -3 23| -]2] -]1
3.6 Data, modelling and interpretation of results

Modelling means aspects that are related to input of LPSAelsfod handling input information,
outputinformation and interpretation oésults.Modelling aspects of computer toadse discussed in sub-
section 3.7.

According to thecharacter of LPSA apointedout in 3.linterpretation of LPSA resultseeds
discussion and is related to the methadsd. Thuseach contribution discussesodelling apects. The
following issueswere found specificallycharacterising LPSAnodelling apects. Theywere discussed in
more or less detail in the papers:

- general requirements to and characteristics of models and methods
- problems in applying models

- limitations in models and methods

- uncertainties, trend analyses and decision making

- data and information handling

- analysis of Common-Cause Failures (/36/, /35/)

- human reliability analysis (/36/, 137/, 138/)

- fault tree modelling and calculation

- assessment of test and maintenance

- level 2 analyses
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- analysis of seismic events

Discussions of thesmodelling aspects comprise botieneralPSA relatedviews and specific
problems of LPSA application. Ithe following emphasis iput onthe specificLPSA issues. Inrsome
contributions aneedfor more realistic PSA approach wagminted out in order to fulfil theconditions
required for LPSA application. In case tife contributions on Common-Cause Failures &huoinan
Reliability Analysis, whicharecited above, thiseedwasconsidered applicable #SA in generalThus no
detailed discussion of these contribution has been performed in this report.

General requirements to and characteristics of models and meff®ad&’/, /15/)

To meet the objectives of LPSA application specific requirementsrasdelsand tools should be
fulfilled:

- LPSA has to be based on plant-specific information (e.g. /8/, /9/).

- Models and tools of &PSA system must be sufficiently flexible and versatile according to the
specific operational requirements (e.qg. /8/,./7/).

- LPSA must be capable of updating accordingthe operational requirements. Aoff-line
application is considered sufficient (e/§.4, /7/).However someactivities on on-line linkage to
plant data system was reported (/7/).

- LPSA is characterised by@ntinuing model developme(e.g./14/, /15/ - 116/, /117/, /18], 119/,
1201, 121)).

- An operational interface allowing the user to carry out the LPSA is required (e.g. /14/).

- LPSA tools should be available at the plant site e.g. on a PC base (e.g. /14/).

A set of generalmodelling requirements were pointeiit. They are aimed atfeatures of
information processing in the models, thgput available tdhe user,the possibilities to handle theodels
and quality assurance.

Information processing in LPSA needs the following conditions:

- sufficiently complex and versatile models;

- fast response time according to the operational needs;

- time dependent modelling instead of averaging;

- capable of being re-run in an acceptable time limit;

- consistenapproach tdhe differentareas irthe modelsuch as success criterfhenomenological
modelling, data.

The output of LPSA should include:
- current risk output and not only average values;
- component importance rankings according to both "level 1" and "level 2" criteria;
- measures of interpretation, explanation and advice giving to the operators.

The following aspects with respect to the user interface were pointed out:

- users who are not risk specialists must be able to appropriately interpret the LPSA results;
- an updating must be possible in a smooth and consistent manner.
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To ensure accuracy dhe results specific qualitgssuranceequirements have to be fulfilled.
Control structuresiave to be established to ensure the effectiveness of the @salityance programmes.
The specific quality assurance for LPSAdige to the possibility of changes in methods in computer codes,
plant models and data base. In /9/ principle features of a quality assurance programme are pointed out as:

- a statement of the policy and objectives for, and commitment to quality;

- the responsibility, authority and the interrelation of the personnel involved in the PSA,
- aclear programme of audits of all aspects of the PSA;

- asystematic and orderly documentation system ensuring quality records;

- software security of codes and databases.

Problems in applying mode{&22/, /7/)

A general aspect afevelopingand applying LPSAwith respect to different approaches to LPSA
is stressed iM22/. Accordingly LPSA should be more comprehensitrean just applyingdynamic Tech
Specs analyses lon-linerisk (safety) monitoring. Otherwise emphasis could be focused on theorssk
which is mostly displayed birsk monitoring duringplant operation, whereas other risk contributors such as
serious, infrequent transients could be underestimated. On the other hamdnitking is an important
part of LPSA capable to enable plant staff to control plant operating activities and keeping the staff aware of
the plant status during operation.

Problemsinvolved in LPSA model application areexpressed in'7/ reflecting attitudes of a
regulatory body's staff:

- ensuring an appropriate quality of the PSA application would be based on,
- interpretation of uncertainties involved in data,

- modelling of transition states,

- deriving and interpreting the particular risk criteria.

Limitations in models and metholS/)
In /5/ the following general limitations are discussed:

- incompleteness and conservatism of thedels whichcould lead to wrong non-conservative
decisions;

- aneed to qualitatively evaluate quantitative results because of therabotiened incompleteness
and conservatism;

- in sufficient modelling of the influence of Common-CauBailures ontime dependent system
unavailabilities;

- simplified assumptions on test effectiveness when generating failure data of standby components;

- practical time constraints;

- simplified approach to time-dependent evaluations;

- insufficient integration of uncertainty analyses.

Uncertainties, trend analyses and decision making (/15/)
Uncertainties, trends and decision makarg discussed in a context. An analytical approach is

proposed formodelling parametric uncertaintiescluding so called state-of-knowledge dependence. A
Bayesian trend analysishich takes into account both increasing and decreasing tmgadsdiscussed.
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Based on the experienti®atthere is aneedfor amore systematic treatment a decisimalysis andlecision
making ajproach was discussed. In a special study courses of short-tenrellaas long-term decision
alternatives were investigated from both the authorities and utility point of view .

Data and information handling9/, /24/, 116/, 134/, /35/)

Dataand information handlingre treated iseveral contributions of the 4th workshop. Theyre
focused on

- characteristics of data bases
- systems for documenting, handling and displaying information
- modelling aspects of a combination of different stochastic information.

In general these contributions deal wétbcuracy of data, asell as handlingstructuing and
displaying of huge sets of data and processing and interpretation of data of different nature and quality.

Fault tree modelling and calculatidii34/, /19/)

Faulttree analysis wagutinto relation to system arghta analysisising a sophisticated software
tool and taking into account operational conditionsN&tP in /36/. The mainaspects stressedere
structuring and displaying of information, wherea$8A approach and a special structuring of plant
information are combined.

Assessment of test and maintengiit®/, /20/)

Several aspects of surveillance test optimisatiene discussed i¥20/ including influence on
unavailability of thetime between thdest intervals and the test strategy veal as risk related test
effectiveness. The use of a safety monitor and a reliability centred maintenance profpamereasing
reliability and availability of NPP is discussed in /18/.

Level 2 analyse§11/)

In /11/ aprocedure washown how tgprocess information on containment performanceerse
accident phenomena and operator actions using a PC based software tool in order to extent LPSA to level 2.

Analysis of seismic ever{{82/)
The use of LPSA for assessing seismically induced failures is outlined in /32/.
3.7 Computer codes

In this sub-section computer codes are addresska asspecific LPSA features and applications
were pointedout. This approach wassed merely to give some information what computecodes were
reported to be undefevelopment or irapplication. Since the contributions characterise compmaees
from different points ofiew this sub-section does ngitve asystematic and comprehensisgaracterisation
of the codes as one would deim special presentations of computer softwateus the list of computer
codes and the fields of application in table 3.9 does not necessarily give a complete overview on the currently
used computer codes for LPSA application.
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Table 3.9 contains computeodes as well atheir main fields of application andd®ires ashey
were reported in the contributions.

The following specific LPSA related aspects were found to require handling by computer tools:

- the huge amount of information to be put into as well as processed within LPSA,

- rapid or on-line response time,

- capability of rapid updating,

- appropriate and rapid display of output information,

- quality assurance and control,

- easy use by operators,

- combination of differentasks in aconsistent way, such as platatacollection,plantinformation
structuring and documentation, information processing.

Table 3.9. Computer codes and fields of application addressed at the workshops

Name Field of application Ref.
ESSM database management and risk analysis 144/
FAULT_TREE fault tree and event tree analyses 119/
IRRAS Integrated reliability and risk analysis, models and results data hase  /40/
LESSEPS 1300 integrated PSA tool 142/
LIPSAS integrated PSA tool 143/
NUCAP PSA level 2 112/
NUPRA PSA level 1 112/
PSA-PACK PSA level 1 141/
QUEST simplified FT/ET analysis 145/
RISA+ Fault and event tree construction and analysis 146/
RISKMAN Modelling, guantification, monitoring 122/
Risk Spectrum database management and riskiysia 1471
SAIS (incl. RISA+) PSA level 1+ - information collection and processing 114/, 134
SPSA PSA level 1 and 2 - common tool for safety management 122/, /8
STARS PSA level 1+ - information collection and processing 117/
Super-Net Reliability and life cycle cost analysis 148/
UPREPA data handling, reliability parameters, automatic tests toends, /8/

basic events probabilities
KOMPAS collection and assessment of data 124/
3.8 Issues for development

Conditions for application

- improving the use of LPSA in decision making processes. This includes e.g.:

. combination of LPSA and other operational safety indicators;
. combination of qualitative and quantitative results and criteria,;
. routines and procedures on how to utilise LPSA;

. decision making criteria including uncertainty measures
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. procedures on how to use LPSA in licensing.

- establishing regulations on the useL&SA fromthe point ofview of theauthorities,including
PSA review;

- establishing appropriate procedures for quality assurance and control modelling/tools subjects;

- improving models with respect to:

. time dependent risk monitoring;

. decreased response time;

. updating of models and data;

. completeness and realism;

. data and modelling uncertainties;

. display of results for operators;

. test and maintenance;

. common-cause failures and human factors;
. level 2 aspects.

- improving data bases and data handling with respect to:

. Common-Cause Failure analysis;
. Human Reliability Analysis;
. collection and processing of operationialta, including automatiddata transfebetween

different parts of LPSA.

- improving computer tools with respect to:

. consistent and rapid processing of large sets of data;
. rapid or on-line response time;
. easy use by operators;
. rapid updating of models.
4. CONCLUDING REMARKS

Four workshops on LPSA applicatiowere held from1988 to 1994.They were aimed at
exchanging international experience in liviRgA application. The workshops plsyed adevelopment
process of application of PSAAodelsand tools from a moreonvertional usage towards a spectre of tasks
in real plant operation. This process led to a more complex understanding of what thieSéris andwill
be usedfor. In addition the workshops show development ofLPSA modelsand tools towardsnore
clarified operational needs.

In somecountries LPSA wafound to be well established practical plant use at severdllities
whereas other countriege assumed tmeedfurther clarification of theapproachhow touse LPSA. This
statement especially addresses views of utilitiesaarigiorities asvell as experience frompplication rather
than the status of development of models and tools.
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As pointedout in chapter 3 LPSA igenerally discussed as diverse concepts. One cothefapds
LPSA as anewtool whichneed to beclearly separated from the traditional typeRSA. Whereasvithin
another concefdtPSA isseen as a mormsophisticated, furthedevelopedPSA with extendedapplications
and updates.

From the workshops contributions some general findings can be summarised:

- Successful LPSA development is closely related to practical plant specific use by the utility.

- Beneficialreal plant specific use is possible at diffedentls of LPSA such asong-term safety
planning, off-linerisk planning of operational activitiesn-line and off-linerisk analysis of plant
performance. Howeveior increasingconfidence inLPSA methods som®perational fields of
application need additional practical expede.

- A commonunderstanding on thePSA approactamong utilitiesauthorities and external PSA
organisations is helpful in development of practical use of LPSA.

- An appropriate LPSA usage #ite current state-of-the-aneeds accompanyingodel and tool
development.

The workshopmeetings onLPSA application,which comprised aroad spectrum of LPSA
subjects approved very useful on the way to the culegal of application. A list ofopenissues wasvell
defined at thetth workshopincluding conditiondfor application andnodellingand tool development. It is
felt that in future specialliscussions on sijfe issues would be helpfdbr facilitating LPSA application
rather than to treat the whole spectrum on general issues meetings. Conditions for application of LPSA could
be an important subject fexchange of experience among utilities anthorities. This especialipcludes
the organisation of the decision making process covering

- acombination of different aspects of the safety and availability decision making process

- acombination of quantitative and qualitative results to be used within decision making processes
- interpretation of uncertainties

- routines and procedures on how to utilise LPSA.

In addition qualityassurance and contralithin the LPSA processieedsfurther discussion to
increase confidence in the results.

This report summarised the views and results which were presented at four TUV workshivpgjon
PSA. Thus it imot a systematic and comprehensimalysis of the state-of-the-artldPSA. Inaddition the
different views presented this report tasome extent includimterpretation of its author and #wy do not
necessarily represent the views of sluthors othe workshops' contributions. Nevertheless tip®mgooints
out important aspects dfie process oEPSA application andlevelopment. Based on the insiggtned
when preparing this report a further discussion on development of specific issues of LPSA application within
the framework of OECD/NEA PWG 5 or a related workshop is recommended.
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