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The OECD Nuclear Energy Agency (NEA) was established on 20th April 1972,
replacing OECD's European Nuclear Energy Agency (ENEA, established on
20th December 1957) on the adhesion of Japan as a full member.

NEA now groups all European Member countries of OECD and Australia, Canada,
Japan and the United States. The Commission of the European Communities
takes part in the work of the Agency.

The primary objectives of NEA are to promote co-operation between its Member
governments on the safety and regulatory aspects of nuclear development, and
on assessing the future role of nuclear energy as a contributor to economic

progress.

This is achieved by:

- encouraging harmonization of governments' regulatory policies and
practices in the nuclear field, with particular reference to the

safety of nuclear installations, protection of man against fonizing

radiation and preservation of the environment, radioactive waste
management, and nuclear third party 1iability andvinsurance;

- keeping under review the technical and economic characteristics of
nuclear power growth and of the nuclear fuel cycle, and assessing
demand and supply for the different phases of the nuclear fuel
cycle and the potential future contribution of nuclear power to
overall energy demand;

- developing exchanges of scientific and technical information oﬁ
nuclear energy, particularly through participation in common
services;

- setting up international research and development programmes and
undertakings jointly organised and operated by OECD countries.

In these and related tasks, NEA works in close collaboration with the
International Atomic Energy Agency in Vienna, with which it has concluded a
Co-operative Agrecement, as well as with other international organisations in
the nuclear field.




The NEA Committee on the Safety of Nuclear Installations (CSNI) is an
international committee made up of scientists and engineers who have respons-
ibilities for nuclear safety research and nuclear licensing. The Committee
was set up in 1973 to develop and co-ordinate the Nuclear Energy Agency's work
in nuclear safety matters, replacing the former Committee on Reactor Safety

Technology (CREST) with its more limited scope.

The Committee's purpose is to foster international co-operation in
nuclear safety amongst the OECD Member countries. This is done in a number of
ways. Full use is made of the traditional methods of co-operation, such as
information exchanges, establishment of working groups, and organisation of
conferences. Some of these arrangements are of immediate benefit to Member
Countries, for example by improving the data base available to national regu-
latory authorities and to the scientific community at large. Other questions
may be taken up by the Committee itself with the aim of achieving an interna-
tional consensus wherever possible. The traditional approach to co-operation
is reinforced by the creating of co-operative (international) research proj-
ects, such as PISC and LOFT, and by a novel form of collaboration known as the
international standard problem exercise, for testing the performance of com-
puter codes, test methods, etc. used in safety assessments. These exercises
are now being conducted in most sectors of the nuclear safety programme.

The greater part of the CSNI co-operative programme is concerned with
safety technology for water reactors. The principal areas covered are oper-
ating experience and the human factor, reactor system response during abnormal
transients, various aspects of primary circuit integrity, the phenomenology of
radioactive releases in reactor accidents, containment performance, risk
assessment, and severe accidents. The Committee also studies the safety of
the fuel cycle, conducts periodic surveys of reactor safety research pro-
grammes and operates an international mechanism for exchanging reports on
nuclear power plant incidents.

The Sub-Committee on Licensing, consisting of the CSNI Delegates who
have responsibilities for the licensing of nuclear installations, examines a
variety of nuclear regulatory problems and provides a forum for the review of
regulatory questions, the aim being to develop consensus positions in specific

areas.
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FOREWORD

With the formation of Principal Working Group 5 at its tenth meeting in

1982. the

CSNI gave PWG5 the following terms of reference:

“To deal with the technology and methods of identifying factors
contributing to risk and assessing their importance, and exchange
information on current research. The Group will receive input from the
four other Principal Working Groups with a view to developing a common
understanding of the different approaches to risk assessment now being

developed."

The following specific aspects were —-- amongst others -- considered by
the CSNI as being particularly worthwhi1g pursuing.

At

develop a common understanding of the different approaches to risk
assessment now being developed, notably of the use of PRA techniques
as an aid in safety decision making in the following areas:

-- priorities in safety research programmes;

guidance on the optimisation of plant design, operation and
maintenance;

exchange information on national efforts to develop safety goals,
and on the use of PRA techniques in conjunction with qualitative
safety goals (including preliminary views on the roles of PRA and

safety goals in licensing).

its second heetiﬁé in September 1983, PWG5 recommended a “survey of

applications made of the results from previous probabilistic risk assessments®

as one of

In

three principal tasks for 1984.

November 1984, the CSNI generally endorsed the Group's proposals for

its programme of work and recommended that in its survey of applications made
of previous risk assessments, the Principal Working Group should try to assign
priorities to the instances where PRAs had an influence on decision making,

focussing
operation

In

on practical aspects such as modifications made to design or
of plants.

the Introduction to the following review paper the Task Group

explains its understanding, approach and working methods regarding the Task.




1. INTRODUCTION

1.1 General remarks to safety decision making and the use of PSA/PRA

The safety management of industrial plants associated with major
hazards to plant personnel, or to the public, consists fundamentally of
decision making concerning risks. In a great variety of situations it has to
be decided whether safety design or operational practices are sufficiently

safe or not.

At the beginning of new technological developments, long term operating
experience, adequate analytical tools, probabilistic methods and data are not
available. Therefore safety requirements are developed by engineering
judgement with respect to the state of knowledge in terms of specified
technical requirements, e.g. to install specific safety features such as
pressure control systems or a certain degree of redundancy in safety systems.
In the nuclear field these safety requirements are usually called the
deterministic approach to safety.

The basic principles of decision making for nuclear power plant safety
are usually laid down in general terms in the mandatory requirements of the
respective acts and ordinances. They usually require adequate protection of
public health and safety or demand the necessary precautions against damage,
according to the established state of science and technology, as a
prerequisite for a license to construct or operate a nuclear power plant.

Current regulatory practices are believed to meet the basic statutory
requirements. Nevertheless, there are different issues, insufficiencies or
1imitations where the current practices of investigating and deciding huclear
power plant safety matters can be improved by using the latest advances in
safety assessment methods.

Decisions regarding nuclear power plant safety have been based upon a
set of generic engineering principles, a defence-in-depth concept, a family of
design basis accidents and other regulatory requirements, specific design
criteria and operational features for each plant. Some issues of special
importance have been decided case by case on the basis of a mixture of
engineering judgement, operational experience or political reasoning.

Although not explicitly described or quantified by reliability, risk
14mitation or other probabilistic requirements, a probabilistic judgement has
always been inherent to this decision making process. Moreover, on the
different levels of the hierarchy of regulatory requirements, safety rules and
criteria very often contain qualitative probabilistic requirements concerning
frequencies and consequences of events such as: sufficiently reliable,
negligibly small, remote, highly improbable, no unreasonable risk, as low as
reasonably achievable (ALARA-principle).

Within this context, probabilistic approaches are more and more
accepted. PSA/PRA not only provides an additional technique for assessing the
safety of a particular nuclear facility, but also an information base that is
applicable to a wide variety of issues and decisions.




There should be a strong relationship between the state-of-the-art of
PSA/PRA and the state of successful applications. As the strengths of
probabilistic approaches become visible and the limitations of data, methods
and experience are reduced and are better understood, more confidence and
reliance can be placed upon PSA/PRA. More weight can be given to qualitative
and quantitative PSA/PRA insights versus all other available and pertinent
information and the former implicit probabilistic approach can be made more
explicit and systematic.

The incentive to move to the application of PSA/PRA mainly results from
the intention to resolve safety issues in conformity with the following
objectives: )

-- adequate safety of plant design and operation;

-- well-balanced design, treating safety issues according to their
relative importance;

-- risk management throughout the 1ifecycle of the plants;

-- optimal allocation of resources for improving safety;

-- rational decision making processes.

It 4s now common to perform at least some reliability analyses of
essential systems of nuclear power plants in the course of the licensing
procedure. Systematic reliability analysis or probabilistic safety
assessments are considered as one of the more important management tools to
verify, maintain and improve reactor safety.

1.2 Historical background

About ten years ago the draft version of the Reactor Safety Study
(WASH-1400) was published in the U.S.(1). It was the first comprehensive
application of probabilistic methods to evaluate nuclear safety and it
demonstrated that a nuclear power plant can be analysed in a systematic way by
PRA techniques.

In the following years, the merits and 1imitations of these methods
have been discussed intensively and often controversially, .amongst experts as
well as by a broader public. The controversy on the question as to whether
WASH-1400 gave a reasonably trustworthy prediction of the so-called
bottom-1ine societal risk distracted many people from exploring those uses of
probabilistic reactor safety studies that would be more trustworthy than such
bottom-1ine predictions. ’

In 1977 the United States Nuclear Regulatory Commission (USNRC)
chartered the Risk Assessment Review Group, known as the Lewis Committee, to
review WASH-1400. The committee confirmed (2) that the uncertainties
surrounding the bottom-line risk predictions were larger than those identified
in WASH-1400 and identified a number of methodological weaknesses in that




pioneering venture in probabilistic reactor study. However, the Lewis
Committee also endorsed the basic approach and urged more extensive use of
probabilistic risk assessment in reactor safety regulations:

-- "we do find that the methodology (of WASH-1400), which was an
important advance over earlier methodologies applied to reactor
risks, is sound, and should be developed and used more widely under
circumstances in which there is an adequate base or sufficient
technical expertise to insert credible subjective probabilities into
the calculations. Even when only bounds for certain parameters can
be obtained, the method is sti11l useful if the results are properly
stated. Proper application of the methodology can therefore provide
a tool to make the licensing and regulatory process more rational,
in more properly matching resources (research, quality assurance,
inspection, licensing regulations) to the risks provided by proper
application of the methodology." (2)

Nevertheless, others believe that while PRAs do yield numerical
estimates and are thus "quantitative®, the estimates are so imprecise and
subject to manipulation as to be virtually useless in decision making. Given
such controversy, it is not surprising that the role of PRA in the regulatory
process has not yet been defined.

The similarity of the Three Mile Island (TMI) accident with predicted
accident sequences in WASH-1400 and in the German Risk Study (3), justified
and accelerated the use of the probabilistic methodology. Based on the
reports of the Rogovin (4) and the Kemeny (5) Commissions, the original
methodology has been further developed and more widely applied. For that
reason the use of such analyses in safety evaluation and decision making in
its broadest sense, either as a formal part or, more often, as an informal
part, has increased steadily in recent years. So far more than 30
plant-specific risk studies for LWRs have been performed (see Table 1).

1.3 Implementing PRA in the safety decision making process

These studies made evident, for example, that system reliability
analysis applied to safety systems of a nuclear power plant deepens the
insight into the structure and interaction of those systems and helps identify
weaknesses in design. Furthermore, through consolidation of techniques from
various disciplines, it became possible using risk assessment techniques to
combine viewpoints of many specialists into one coherent picture of reactor
safety. This combination of techniques assists in overcoming the major
difficulty in analysing a modern nuclear power plant, namely that it is
impossible for one person to fully understand the whole plant.

From the experience géined so far it can be concluded that:

-- the application of probabilistic methods to nuclear power plant
safety issues offers engineering and safety insights that can only
partly be gained by other means;

-- there are nuclear safety issues which can only be assessed properly
if they are also analysed and evaluated systematically with

probabilistic methods.




However, whilst probabilistic methods have proved to be a powerful tool
to investigate a variety of aspects of nuclear power plant safety, they have
certain inherent strengths and limitations which make them very useful for
some applications while perhaps poorly suited for others. With the better
understanding on probabilistic methods and better information on probabilistic
data through operating experience, a description of nuclear safety in a more
systematic and quantitative way is possible.

In the absence of probabilistic data, e.g. for rare events, the
decisions were made by engineering judgement, the so-called deterministic
approach. Probabilistic methods can provide a useful complement -- but not a
total replacement -- for deterministic approaches.

Therefore, those who are responsible for nuclear safety need to develop
a way to integrate probabilistic approaches into the safety decision making
processes. As the application to traditional safety criteria and practices
have served their purpose well in the past, this means a decision on where and
how the probabilistic methods should complement traditional methods. The
answer of course, depends very strongly on the specific national situation,
e.g. on the status of the nuclear programme or the legal and regulatory

framework .

1.4 Status of the international discussion on PSA applications ‘

The two main approaches for introducing probabilistic methods into the
safety decision making processes are the political, normative approach and the
technical, pragmatic approach. These two approaches are discussed briefly
below.

1.4.1 The political, normative approach

Concern that reactors might pose a disproportionate societal risk
promoted attempts to measure this risk so that it could be compared with other
risks that are considered to be acceptable. Since absolute safety is not
achievable, the question of “how safe is safe enough® was raised.

Probabilistic safety goals have been developed and discussed in several
countries. These goals are intended to give a distinct and practicable
measure of acceptable risk (6, 7, 8).

1.4.2 The technical, pragmatic approach

It has been recognised that the probabilistic approach allows not only
quantification of system reliability, but also identification of systems
interactions and plant safety design imbalances. Insights gained have often
stimulated changes of design or operational procedures.. A growing interest in
taking advantage of the insights offered by probabilistic safety assessment is
evident in many countries (9, 10).

Because of the increasing application of probabiﬁistic techniques,
procedures have been created to give guidance on PRA methods (11, 12).
Besides these activities, much 1iterature has been published with different
proposals or concepts regarding how to apply lessons learned from PRA to
nuclear safety issues.

- 10 -
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In practice the use of PRA as a technical, pragmatic approach is far
more evident than its use as a political, normative approach.

1.5 Approach and methods of PWG5/Task 2

A main task of CSNI PWG5 is to synthesise technical understandings and
consensus opinions based on detailed results from task-oriented, short-term -

activities.
Concerning Task 2, this means:
-- to review all work on PRA/PSA applications;

-~ to assemble a collection of case studies where PRA methods and
results had an influence on safety decision making.

The best way to use'PRA techniques as an aid in safety decision making
depends on the specific situation, e.g. the specific lines of formal
responsibility and the process of decision making used in different nations.

Evaluation of technical l1iterature has been considered to be
inappropriate for that purpose, since the literature is typically too
inhomogeneous and too theoretical and it does not necessarily reflect the true
state in which these techniques are applied. The need for a better and more
reliable information base has been recognised. Therefore, the work of this
Task Force has been based mainly on a compilation of examples that demonstrate
concrete practical experience with the application of probabilistic methods in
reactor safety decision making.

2. FUNDAMENTALS OF THE PROBABILISTIC APPROACH

2.1 Terminology

The following terminology and definitions have been adopted as far as
possible from IAEA TECDOC-308, Reliability Analysis and Probabilistic
Assessment in the Licensing of Nuclear Power Plants.

2.1.1 General Terms

Probabilistic approach (in contrast to the deterministic approach):
use of logic structures (event trees and fault trees) and analytical
techniques (models of systems and processes) to estimate expected
frequency and consequences of certain events in order to obtain a
unified and comprehensive description of events to which the plant
might be subject.

Probabilistic Safety Analysis (PSA): a study of whatever scope that
includes a probabilistic apprqach to safety analysis.

Probabilistic Risk Assessment (PRA): PSA extended to compute a “bottom
1ine" risk in terms of the offsite radiological risk posed by potential
reactor accidents. Results are often displayed by means of
complementary cumulative density functions (CCDF).

- 12 -




2.1.2 Levels of PSA

Levels 1 to 4 cover the analysis of systems and plant behaviour;
levels 5 to 8 cover the analysis of accident consequences.

Level 1: Reliability evaluations for protection and safety related
systems. The objective is to predict the probability that each system
will fail to perform its safety function on demand.

Level 2: Assessments of the conditional probability that the design
basis of the plant will be exceeded, assuming that a specified
initiating fault, fault sequence, or group of faults has occurred.
This is a big step beyond Level 1 and account must be taken of all
interactions among systems.

Level 3: An assessment of the frequency that the design basis for the
NPP as a whole will be exceeded. This assessment is done by adding up
the frequencies for the various faults, as in Level 2, over the whole
range of possible faults. The concern here should be to ensure

completeness in the coverage of faults, with no omissions or overlaps.

Level 4: An assessment of the fregquency of severe core damage, core
melt, or large-scale core melt.

Level 5: An assessment of the frequency distribution of the
radioactivity released, expressed for example in Equivalent Curies of
I-131. This type of study requires further phenomenological
calculations concerning modes of containment failure, their timing, and
the transport of radionuclides from the damaged core to the environment.

Level 6: An assessment of the resulting expected radiation dose to an
individual member of the public. Usually this means assessing the
frequency with which the person most at risk will receive a dose in
excess of a specific level.

Level 7: The results of Level 6 above expressed in the form of a
dose/frequency distribution, combined with a dose health effect
relationship and integrated to predict the frequency of death from the
dose for the individual most at risk. This 1s usually presented
separately for early (acute) fatalities and late (cancer) fatalities.

Level 8: An assessment of the overall health effects on the total ;
population that might be affected. The results are usually presented
as curves showing the complementary cumulative frequency distributions
for early and late fatalities.

These definitions are useful for discussing scope and depth of PSAs,
but they do not cover all aspects, as, for example, interfacing system LOCA.

Another convention for levels of analysis that is widely used in the
U.S. originated in the ANS/IEEE PRA Procedures Guide (NUREG/CR-2300). As used
in that document, Level 1 corresponds with Level 4 above, although only for
internally initiated events; Level 2 corresponds most closely with Level 5
above; Level 3 corresponds with Level 8 above; Level 4 also corresponds with
Level 8 above, but includes not only internal accident mechanisms but also
external events such as earthquakes, fire and storms as accident initiators.

- 13 -




2.2 The respective roles of deterministic versus probabilistic analyses
versus evaluation of operating experience

In the following discussion, we mean to exclude decisions such as:
-- the fundamental (positive) decision to use nuclear energy,

-- the general decision that nuclear power plants can be built and
operated at an acceptably safe level.

These questions have been decided by political, economical and social
aspects in each country. We mean to address questions of safety arising in
aspects of design, licensing and operation. In deterministic safety analyses,
accidents are postulated a priori, and the plants have to be designed in order
that these accidents do not cause unacceptable consequences. Reliable
operation of safety systems, when called upon, is assured by applying
deterministic safety principles (e.g. redundancy, diversity).

This concept is verified and corrected by operating experience as well
as by probabilistic safety analysis.

The probabilistic assessment helps:
-- to better understand the safety characteristics of a plant;
-- to optimise plant design and operation;

-- to anticipate "experience" which otherwise would have to be gained
by negative operating experience;

to explore the vulnerability of the plant to accidents more severe
than the design basis accidents.

Strengths and weaknesses of all three elements of safety evaluation are
indicated in Table 2.

2.3 Main problems in deciding whether to adopt a probabilistic approach and
how to implement it

whether, and in which way, a probabilistic safety analysis should be
performed may depend on a number of circumstances. Conditions that should be

considered are described below.

1. Is the use of PRA/PSA obligatory?

In some cases PRA/PSA has been made obligatory by licensing
authorities. However, up to now this does not seem to have become a
common practice. In most cases, PRA/PSA is seen as a supplement to
the formal, deterministic approach to reactor assessment.

- 14 -



Approach

Strength

Weakness

Deterministic

Probabilistic

Evaluation of
operating
experience

Plain and easily applicable
Simple to check

Provides inherent safety
and reliability features

is less sensitive according
to incompleteness

Provides integrated plant
model

Allows ranking of safety
issues and balancing of
safety design and system
modifications

Uncovers design
weakness

Optimise test, inspection
and maintenance procedures

Quantification of
operating experience

Direction gquantification of
component and system
reliability

Human influence and CCFs
directly perceptible

Feed back of operational
experience is possible

Safety design may not be
well balanced

Overall level of safety no
quantified -

Subjectiveness of assumptions

Offers no information about
necessary test intervals

Inherently incomplete

High costs for detailed
analysis

Probabilistic data base
i1s necessary

Probabilistic models need
to be simplified, therefore,
subjectiveness of assumptions

Need for specially trained
expert teams

Few experiences with
“rare events®

Experiences cover only
part of safety aspects

No information about the
effects of system modifications

- 15 -




2. To which criteria should respective safety goals be app]iéd?

Before starting a PSA it should be clear which criteria should be
used to assess the safety of a plant. The formulation of the
criteria may strongly influence the approach to be chosen for the
PSA. On the other hand, PSA can be used very effectively even in
the absence of quantitative probabilistic criteria, e.g. to look for
weak points in systems design.

3. How much manpower and other resources are available?

The available manpower and the level of funding will determine the
comprehensiveness and the degree of detail of a PSA. If resources
are limited, a decision must be made whether to perform either a
thorough analysis of smaller scope or a wide-ranging but cursory
study.

4, Are plant owners co-operative?

If a real plant instead of a plant concept is to be analysed,
co-operation with the organisation operating the plant is very
important. A reliable PSA needs a lot of information that can best
be gained from operating experience, detailed plant documents, and
visits to the plant. Fortunately, the understanding is growing that
PSA can be very valuable to the plant owner/operator. .

5. Are details on plant design available?

A detailed PSA requires detailed knowledge about how the actual
plant is constructed. This information is usually available for
completed plants. If a PSA is to be performed for plants which are
st111 under construction or even in the design phase, a higher
number of subjective estimates must be used.

6. Is the plant design unique?

PSA, even for specific plants, can profit from analyses performed
for similar plants. For instance, frequency of initiating events
can be better estimated 4f a larger amount of operating experience
with the same type of plant is available. On the other hand,
‘generic experiences may not be truly representative of the plant in
question. In the.treatment of uncertainty it should be recognised
that the data base drawn from a large population of plants may
misrepresent the reliability of equipment or operators in the
particular plant.

2.4 Application of PSA/PRA information and insights

The establishment of a PSA/PRA model of a plant entails integration of
the contributions of many specialists: mechanical, electrical and control
system design, provisions for test and maintenance, procurement specifications
and equipment qualification, start up testing and procedures and schedules for
surveillance as well as operation. These plant models have been used:

-- to evaluate alternative design changes, to plan and review
modifications of the plant or of operational procedures.__Very often

- 16 -




a relatively straightforward and cheap design change, such as adding
a redundant valve or reducing a test interval can improve the
reliability or availability of a certain safety feature
significantly. This is considered as a strong reason for carrying
out at least a simplified PRA at the design stage;

-— to evaluate operational experience, to assess the safety
significance of occurrences for the plant or applicability to other

plants;

-- to train plant personnel in safety systems functions and their
interdependencies in order to increase understanding and awareness

of plant behaviour.

As higher level PSA/PRA treats the entire plant and its constituent
systems in an integrated fashion, it cuts across traditional lines separating
the various design and operational disciplines. Instead of analysing certain
event sequences under given initial and boundary conditions, a PRA propagates
faults across design interfaces or boundaries. This makes it possible to
distinguish between safety issues with regard to their relative importance.
Therefore PSA/PRA results and insights have been used:

—- for specific application of the deterministic approach to safety
consisting of design basis accidents, design principles and
conservative assumptions;

-- to identify safety issues and establish action priorities to improve
overall plant safety. PSA/PRA reveal plant features -- weak
points —- that may merit closer attention and provide a focus for
improving safety;

—— as a guide to ensure that all measures of the overall reactor safety
concept are well balanced;

-- to analyse new safety issues as they arise for operating or planned
power plants.

while the applications listed above can be used to optimise plant
design and operation within or close to the actual design basis, PRAs trace
event sequences even beyond the design basis to estimate severe accident
consequences together with 1ikelihoods. The information base provided by the
analyses has been used:

—- to indicate the actual level of nuclear power plant safety by
introducing quantitative safety indices and measuring safety margins
beyond the design 1imits on a best estimate basis as a reference for
future safety decisions;

—-- to focus resources on efforts to reduce severe accident risk, on
preventive and mitigative features most important to safety and to
exploit maximum technical control over the initiation and
progression of events that may lead to severe accidents;
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to develop strategies for coping with accidents beyond the current
design basis, i.e. to identify possibilities of diagnosing the most
probable severe accident sequences, to provide information and
guidance to the operators to deal with such accidents, and to
provide information for developing emergency response plans.

The information base provided by PSA-PRA approaches described above
gave further guidance fotfresearch and development:

to evaluate new safety concepts for power plant development as
necessary;

to develop long-range research programmes and to assign priorities
to generic safety issues;

to uncover safety issues potentially new to the industry;

to define objectives and technical boundary conditions and
specifications for certain research activities;

to describe and evaluate possible safety improvements achievable by
the application of safety research results.

Growing use of PSA/PRA results and insights have been made in the
regulation of nuclear power plants:

as a guide to regulatory standards development; for example to
assist in formulating new regulatory requirements, to reassess
existing requirements or to eliminate or reduce requirements on
issues not important to safety;

to evaluate regulatory compliance by setting limits to failure
rates, systems availability or reliability, core damage frequencies
or frequencies of doses;

to evaluate the urgency with which backfits must be implemented or
to set in-plant priorities for backfits;

to developing siting criteria;

to develop emergency plans.

Finally, the information compiled by the different probabilistic
approaches to nuclear power plant safety has played an increasing role in

political

discussions, public hearings, discussions with intervenors against

certain projects or in court actions. In all these cases, PSA/PRA information
was used as another point of view to assess the adequacy of nuclear power
plant design and operation.

In

general PSA results have two distinct benefits:

to provide a systematic framework for communication of safety
performance information to parties involved in decision making;
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-- to0 evaluate engineering aspects of complex systems.
In decision making, both aspects of PSA results are involved.
3. REVIEW OF THE REPORTS ON PRACTICAL APPLICATIONS

3.1 Organisation of the review

The purpose of this report is to survey past and present applications
of PRA methods and results in safety decision making processes by assembiing a
collection of case studies where PRA methods and results have had an influence
on decision making, e.g. regulatory changes, licensing requirements, plant
specific modifications, modifications in plant operation, emergency planning,
alteration of safety R&D programmes, etc.

Using delegates answers to the very broad study “Survey: PRA
Historical Perspectives" [SINDOC(84)166], the Task Group prepared a
questionnaire on applications, produced from methods and conclusions of

previous PRAs.

This questionnaire was intended to compile practical experience that
has been gained in applying the insights and results of probabilistic safety
assessments to safety decision making related to nuclear power plants.
Examples are sought not only involving comprehensive PRAs, but also other
types of probabilistic safety analyses (PSA). Of highest priority are
instances where the probabilistic approach made a major contribution to
resolving important safety issues, particularly to practical aspects such as
modifications to plant design or operation. Both positive and negative
experience is of interest.

The information collected was reviewed with a view to identifying
promising areas of application and procedures by which the probabilistic
viewpoint can provide useful input into decision making processes.

Grouping of the survey results was based on the responsibilities of the
different parties interacting in the decision making processes. Usually more
than one party is involved:

-- design industry and utilities;
—- regulatory authorities and their experts;
-- research institutions.

The information requested in the questionnaire made it possible to
categorise the applications collected in several ways, e.g.:

-- decision making areas in which PSA results were applied;

criteria applied in the decision making process;

-- type of plant [or system(s)] and stage of its “l1ife cycle" at which
the PSA used was carried out;

affiliation of the study team;

level of probabilistic safety analysis carried out.
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The following sections provide generic insights on the experience
documented by the survey. These insights are intended to support general
conclusions about further actions and limitations concerning additional uses
of PSA for decision making. Regulatory activities encouraging or requiring
certain PSA/PRA applications, particularly, should not only depend on the
state-of-the-art of the methodology, but also on the extent of applications by

other parties involved.
The results of the review were categorised as follows:

-- optimisation of plant design and operation (within the design base);

-~ regulation;

-- special safety aspects and probiems;

safety research and technological development.

3.2 Optimisation of plant design and operation (within the design base)

As can be seen from Table 3, application of PSA/PRA for optimising
plant design and operation is frequent, particularly in European countries.
Sometimes it is difficult to distinguish between this type of application,
where the decisions are taken by a vendor or a utility, and applications where
PSA/PRA are used in regulatory activities (see Section 3.3). This ambiguity
results from the fact that usually the licensing authorities must at least
agree with the decisions. In most cases they are even involved in the process
of initiating and performing the PSA. It should be noted that none of these
applications is intended to be used to prove compliance with formal criteria
as in the development of formal criteria.

Probabilistic methods can be applied in optimising plant design and/or
opergtion for different reasons and purposes:

ez fb assist in making decisions about plant design and operation:

In solving a special problem concerning detailed plant design, . a
vendor may feel that a probabilistic assessment is necessary to find
the best solution with respect to plant operation and safety. For
example, post-accident operating procedures or maintenance and test
intervals may be optimised in this way.

~- to determine adequate reliability of system functions:

Reliability analyses of systems may be requested by licensing
authorities for conditions that are usually not considered in terms
of deterministic rules. There might be an indication, for instance,
that an improvement is possible by simple means. (Aus 2, Aus 3,

Ger 1, Bel 1, Bel 2, Spa 1).

-- to determine compliance of plant design and operation with
established criteria:

Formal criteria may be vague. For example, only a “sufficient
reliability" may be requested for some safety functions. In this
case, probabilistic methods may be used to show that the intent of
the respective criteria is met. The same holds if a specific
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Table 3 Classification of Applications of PSA
(Secondary Applications are in Parentheses)

Level of PSA

Area 0of 0 e

Application 1 2 3 4 5 6 7 8

Optimisation Aus 2 Ger 3 1Ita 1 Ita 2 Ger 6 Can 1

of plant Aus 3 Swe 1 Ger 10

design and Bel 1 Fra 1 Swe 2 USA 5

operation Bel 2 Ger 7 - '

within design Ger 1 Ger 8

base Spa 1 Ger 9

Special or new USA 4 Ger 7 UK 1

safety issues

Regulatory Bel 3 ‘

activities Ger 2 Ita 3 Ita 4 Ger 5 Aus 1 Ger 11

Swe 3 Ita 5 Ger 4 USA 2

Aus 2 USA 8 Ger 9 Swi 1 USA 3
(Aus 2) USA 6,7
(Aus 3) USA 9
(Bel 1) (Fra 1) USA 10
(Bel 2) USA 11
(Bel 3) USA 12
(Ger 1)

Safety research (Ger 6) USA 1

and

technological

development
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application of deterministic rules is favourable, i.e. if the formal
application of a combination of deterministic requirements would
lead to unrealistic or excessive demands concerning extremely
unlikely events. (Ger 3)

-- to evaluate plant design:

For various reasons, a compiete PSA of a plant design may be
conducted either by a vendor or by some other institution. These
reasons can include requests or recommendations by the licensing
authorities and the desire of a vendor to show that a new or
existing plant design is well-balanced and comparable to other
designs. During such an analysis, some design deficiencies may be
revealed and rectifying action initiated. (Can 1, Ger 5, Ger 6,
Ger 7, Ger 9, Ita 1, Ita 2, Swe 1, Swe 2, USA 5).

The effort which is necessary to solve problems of optimisation by .
probabilistic methods depends on how diffuse a task is established. An
advantage of this type of application is that to a large extent Level 1 or 2
PSAs are sufficient to solve special problems. In most cases only one
person/year or less is required. If a complete PSA is conducted for a whole
plant to detect the weak points, the effort is typically in the range of 20 to
50 person/years. When a weakness in design is revealed it may be necessary to
make a more detailed Level 1 or 2 analysis for that special problem, but
rectifying deficiencies usually seems to be possible in an uncompliicated and
Tow cost way.

As far as the answers to the questionnaire are concerned, experience
tells us that for this type of PSA application the decision making process is
quite straightforward. The purely technical character of the problems and the
absence of formal or inflexible rules in fact facilitate the decision making
process. The advantage of a certain alternative system design or operation
mode is usually quite obvious. But even if the costs of certain backfitting
measures are not negligible, it will usually not be difficult to take a
reasonable decision on the basis of the results of the PSA and engineering
judgement.

As has already been mentioned, licensing authorities or their advising
experts usually take part in the decision making process. This procedure has
proved quite successful.

In the answers to the questionnaire, essentially positive comments were
given to the kind of PSA application discussed above, for instance:

-- a major advantage of PSA 1s the insight gained into a system that
results from a disciplined and structured analytical approach. For
this reason the design should be closely associated with the
analysis. (Aus 2);

-~ the process of system modelling can provide a useful information
base on which to develop post-accident operating procedures.
(Can 1);

-- by using the probabilistic approach, an improvement of systems
reliability and a simplifying effect to licensing were achieved.
(Ger 1); -




-- the results of probabilistic safety analyses were very helpful in
developing the new safety concept of HTR-500. (Ger 6);

-- a problem area was revealed as a result of the systematic and
detailed analysis of system functions that is part of PSA studies.
Although the same result might, in principle, have followed from an
analysis emphasising deterministic criteria, our experience suggests
that comprehensive and thorough PSA analysis is a valuable check of
traditional safety assessments. (Swe 2);

-- this application demonstrated the value of a plant specific PRA to.
the performing utility. The PRA identified the dominant accidents
at the plant and cost-effective changes that could be implemented to
reduce the plant risk. (USA 5).

Only a few negative comments were provided, such as:

* —- application of PSA is limited because of the difficulty in
quantifying dependent faults and obtaining applicable failure rate
data. (Aus 2);

—- 4t 4s difficult to obtain consensus between analysts and designers
on the necessary level of defence against dependent faults. (Aus 3);

—-— the benefits indicated by PSA are strongly analyst dependent.
(Can.1).

3.3 Regulation

Regulatory applications of PSA have been completed as supplements to
traditional deterministic methods. The belief stated in the survey responses
4s that deterministic methods have been successful in assuring an adequate
level of safety in nuclear power plants. PSA offers a different viewpoint
that can be useful in refining the current regulatory philosophies. Goals
that lead to these applications can be divided into four types:

1. assuring that additional requirements-provide a significant safety
gain;

2. plant specific improvements are possible by virtue of the
application of a PSA, i.e. to achieve a well balanced safety design
(Ger 13);

3. review of existing requirements is needed to maintain their
effectiveness;

4. control of severe accidents.

Use of PSA for new regulatory requirements has been applied at several
levels of influence in the regulatory structure. These levels range from
general policy to modifications to specific systems. Examples include the
following:

-- formal review of all new regulatory requirements (USA 9), value
impact assessments (NUREG/CR-3568);

-- develop a severe accident policy (NUREG 1090, SARPP);
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-- rulemaking concerning special safety issues: ATWS-rule (USA 7);

-- interpretation of the application of single failure criteria in
connection with external events (Ger 11).

These applications all have the goal to quantify a significant safety
benefit for the required actions. 1In addition, U.S. applications apply cost
effectiveness criteria for items with moderate safety benefits.

There are two main motivations for regulations requiring the completion
of PSAs. These include the need for additional studies to expand the
regulatory data base and to provide a motivation for plant operators/designers
to obtain plant-specific insights about potential weaknesses in design and/or
operations. The identified weaknesses can result in improvements in the plant
that would not have been covered by generic regulatory actions. Specific
reasons for requiring PSA studies include:

-- to review plant designs in the initial licensing stage by requiring
a PSA/PRA together with other licensing documents, e.g. for Standard
Plant Designs;

-- to assess if the plant design is well balanced (no outliers)
(Ger 13);

-- to assess safety improvements compared to former plants (Ger 5);

-- to allow a probabilistic differentiated application of deterministic
principles (classification of design basis events according to their
expected frequencies) e.g. UK-NII -- safety assessment principles;

-- to demand periodic reassessments of plant safety on a probabilistic
basis (Systematic reliability assessment, PSA) using plant specific
“as operated data" (Swedish ASAR, plant specific precursor studies).

Reassessment of existing safety requirements is an ongoing process to
assure that safety levels are maintained in the 1ight of new operating
experience, advancements in technology and the addition of new requirements
that may supersede or overlap with the old. PSA, as in the case of new
requirements, can offer new perspectives on existing requirements that have a
largely deterministic basis. Specific actions have been carried out in the
areas of siting, backfits, emergency planning, public hearings and court
actions.

Backfit decisions are similar in scope to those made for new
requirements. They involve the application of existing regulations to older
plants. The U.S. Systematic Evaluation Program (USA 2) has made detailed
comparisons of existing regulations and those used in the licensing of older
plants. Items have been selected for backfit based on their improvements in
safety and cost effectiveness.

Emergency planning can be completed on the basis of PSA results. The
advantages of this approach include the option of selecting from a variety of
reference accident scenarios for planning emergency responses (Swi 1). PSA
results have also been used to establish emergency planning zones (USA 6).
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PSA results have been used effectively for discussing public safety in
legal enquiries. This includes the comparison of PWR and other reactor
designs in the Sizewell B hearings and hearings on Indian Point safety in the
U.S. (USA 3). The Federal Republic of Germany courts considered PSA results
in a determination that nuclear power plants provide adequate protection to

the public (Ger 13).

Control of severe accidents has led to the development of probabilistic
criteria for safety systems and overall plant performance. These criteria are
used as a supplement to deterministic rules for the prevention and mitigation

of severe accidents. Examples from the survey include:
-- UK-NII safety assessment principles;
-- French PWR Safety Goals;

-— other national “"safety goal" approaches: e.g. Canada, Italy,
Switzerland;

-- numerical reliability goal for AFWS (USA 8);
—- numerical criteria for design against aircraft crash (Bel 3).

The bases for these criteria include the historic reliability of
similar systems, availability of new technology to improve reliability and
judgment as to a tolerable level of equipment failures. The historic basis
for probabilistic criteria is to 1imit the possibility of unacceptable
consequences (exceeding design basis). Reliability criteria serve as a
complement to the single failure criteria for systems that, because of
technology limitations, must make use of less reliable components. In more
recent applications, reliability criteria have been based on values used in
PSAs to 1imit the risk contribution of a particular system. This example
represents an extension of judgement in identifying equipment that is
important to safety and supplements single failure rules.

Specifying probabilistic criteria for safety system design and function
has been a regulatory approach in the U.S. The results of PSAs are directly
applicable to engineered systems, and analytical methods are sufficiently
mature to allow independent verification. This level of decision is directly
related to equipment performance and encourages the use of PSA techniques
early in the design process to optimise safety and operability.

Regulation of safety systems using reliability criteria has two major
drawbacks: the process of setting criteria for particular systems is
judgemental and there is relatively 1ittle encouragement for innovation in the
combination of plant systems. Setting reliability criteria for particular
systems without an assessment for the entire plant can possibly result in
requirements that are inconsistent with the safety importance of those
systems. Limitations based on existing systems may not encourage innovations
in systems where new technologies are available. Incorporation of new system
d:sig2s could reduce requirements in other safety systems and maintain levels
of safety. :
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Reliability calculations are partially motivated by safety
regulations. Thus, design decisions that enhance both plant operability and
safety are accommodated at an early stage of system engineering. This type of
decision is discussed in Section 3.1. Additional decisions related to
multi-system design take place when larger scale PSAs are completed. The UK
and FRG concepts of 1imiting contributors to plant accident sequences created
the needs for PSA, additional design reviews and communication of the results
to regulatory authorities for review. These overall plant reliability
requirements are an extension of reliability requirements for individual
systems.

3.4 Special safety aspects and problems

PSA-based decisions related to special problems can be defined as a
combination of the first three categories of decision. These decisions are
comprised of items that are technically complex, involve many plant systems,
and are of sufficient safety importance that regulatory action is taken
concurrently with development of technical solutions. Examples of special
safety aspects and problems.in the U.S. include pressurised thermal shock,
Three Mile Island accident response, and degraded core rules.

The TMI accident revealed that perhaps reactors were not "safe enough",
that the regulatory system had some significant problems (as cited in both the
Kemeny and Rogovin investigations), that the probability of serious accidents
was not vanishingly small, and that new approaches were needed. Suddenly, the
potential value of PRA as a regulatory tool -- and of the insights of the RSS
itself -- became apparent to the reactor safety community.

People observed that the RSS had found transients, small
loss-of-coolant accidents (LOCAs), and human factors to be dominant
contributors to the overall risk and that the TMI 2 accident sequence
contained all three of these.

, Different systematic failures in high redundance safety relief valve
systems have been discussed in the FRG and in the Netherlands. PSA was used

for analysis and to assess if these systems needed improving. The following
activities are usually involved in the resolution of special problems:

1. evaluation of the scope and importance of the problem;

2. development of interim rules for continued operation;

3. research short and long term solutions;

4. modification of short term rules;

5. development of rules for long term solutions;

6. implementation of resolutions.

Use of PSA can be beneficial during each of these steps and is being
increasingly applied as an integral part of special issues studies. Since
many of the activities are carried out simultaneously, there is a need for

effective communications and continuous evaluation of progress. PSA models
can be continuously updated to reflect new information and monitor progress.
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If during operation of a nuclear power plant significant new safety
problems arise, then at first a decision is needed on whether to aliow
continued plant operation. This decision can be facilitated by the
application of PSA models and conservative assumptions to make estimates of
safety importance. The results from relatively simple calculations that are
required can provide support in establishing interim rules for operation.
Interim rules are usually deterministic in nature because of the need for

rapid action.

Guiding research for developing short and long term solutions is
similar to resolving smaller technical problems. The results of this research
must be communicated to those involved in the regulatory process. PSA results
are usually refined during this step in order to reduce the conservatism
initially applied, to utilise new information that has been made available and
to include comparisons to other problems modelled in PSAs. These refined
results can be used to guide the development of effective resolutions for a
problem and can lead to modification of initial rules.

Once long-term solutions are identified, PSA plays an integral role in
reviews prior to rulemaking. Comparisons are made with other problems, and
judgements are made to assure that costs are not excessive. The proposed
solution must be shown to be effective in controlling the risks presented by

the special issue.

3.5 Safety research and technological development

Research/scientific decisions using PSA can be divided into two major
categories: evaluation of new problems as they arise and evaluation of
possible solutions to existing problems. Decisions based on the use of PSA
have been made in both of these areas.

Evaluation of new safety-related problems as they arise is needed to
assist in allocation of regulatory resources and research budgets. In making
these decisions it 4is desirable to eliminate items with 1ittle safety
importance and items, that are more efficiently resolved as part of other
safety issues. PSA and cost analyses are being used in the U.S. for the
purpose of resolving generic safety issues. As part of this process, it is
necessary to speculate as to the resolution of an issue. Potential safety
benefits and costs can then be evaluated. This speculation forces the
thoughtful organisation of the problem for possible study, the gathering of
all available information, and an understanding of related work. The practice
in the U.S. has been to use existing PSAs for the purpose of evaluating new
problems to a practical extent in order to obtain a sufficiently accurate
measure of safety importance to allow allocation of minimal resources. In the
U.S., principal benefits resulting from prioritisation of safety issues have
been that important assumptions made in quantifying risks were displayed and
uncertainties were estimated. These benefits represent an improvement over
the traditional use of judgement in evaluating safety importance. One
1imitation of the technique is that issues dealing with items not specifically
modelled in PSAs (i.e. human factors) must be subjectively quantified.

Evaluation of solutions to safety problems has the purpose of guiding
investigations of resolutions, providing measurements of safety effectiveness
of alternative solutions and a basis for subsequent regulatory action.
Investigation of resolutions involves the identification of areas of
uncertainty and impact on plant safety systems. Areas of uncertainty can be
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addressed by additional research. Interactions with other plant systems can
be described to avoid adverse performance impacts. Integration of PSA with
safety research can be used to prevent diversion of attention to side-issues,
to co-ordinate the efforts of multiple working groups and to provide
continuous feedback on the value of continued research in the area. After
alternative solutions are developed to a level of detail sufficient to support
a decision for implementation, they can be evaluated in terms of their
effectiveness in achieving the desired safety improvement and associated
costs. Effective resolutions can then be recommended for implementation.

Regulatory action can result from scientific/technical research.
Documentation of safety benefits can be used to determine the importance of
continued funding during the 1ife of the project and the advisability of
implementing the resolution. PSA can provide a consistent set of information

for:

-~ prioritisation of NPP Safety Issues (USA 1);

-- prioritisation of Safety Research (NUREG/CR3447);

-- development of new plant concepts with specified risk profiles. -
4. SUMMARY AND CONCLUSIONS

The main objectives of this report are:

-- to develop a common understanding of different approaches to the use
of probabilistic safety assessments to nuclear power plants;

-- to survey past and present applications of PSA methods and results
in safety decision making;

-- to identify promising areas for useful applications;

-- to provide a technical information basis for decision makers on how
to implement probabilistic approaches in safety decision making
processes.

It s commonly accepted that PSAs/PRAs have emerged as a powerful
investigative tool for nuclear safety, and as an additional engineering
viewpoint for safety assessment and decision making.

Applications of methods and results of PSAs/PRAs have experienced
increasing use-and more confidence and reliance have been placed upon
probabilistic approaches as models, methods and data have been improved.

There 1s good agreement about the effectiveness of the use of fault
trees and event trees to analyse and describe the efficiency of complex safety
systems and different initial events and boundary conditions as well as the .
possible plant responses under accident conditions.

Concerning very rare or unknown phenomena or events, probabilistic .

approaches suffer from similar limitations as the traditional approaches to
safety“decision making.
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The actual state of the implementation of probabilistic approaches is
different in the Member countries according to the specific national
situation. This ranges from qualitative statements to make adequate use of
quantitative reliability analysis up to quantitative safety goals. Between
these extremes many different levels of implementation are practised.

4.1 Generic results

In general the main advantages seen in the PSA/PRA approach are:

-- explicit description of the level of safety achieved by specific
design or operational features; ,

-- identification of plant vulnerabilities or design weaknesses for the
improvement of nuclear power plant safety.

From the experience reported it can be concluded that:

-- the application of probabilistic methods offers engineering and
safety insights that can only partly be gained by other means;

-- there are nuclear safety issues which can only be assessed properly
. 4f they are also analysed and evaluated systematically from a
probabilistic point of view.

While traditional safety decision making -- mainly based on
deterministic requirements -- ensures adequate protection of the public, the
applications of PSA/PRA results and insights have to supplement this approach
for further optimisation of nuclear power plant reliability, operability and
safety, especially:

-- for specific applications of deterministic rules;
-- to resolve safety issues according to their relative importance;

-- for proposals to depart from existing rules or practices where the
burden of proof rests with those proposing to depart.

Quantitative criteria give guidance on generic issues, but public risk
for example is only one of many relevant decision criteria.

Formal quantitative probabilistic decision criteria in general are not
needed for plant-specific decision making.

Optimisation of overall NPP performance is a multicriteria decision
problem, which must be analysed and solved in the plant specific context.

The multi-barrier and defence in depth concept are not only necessary
for adequate protection but also are an appropriate approach to reduce
complexity and effort of the multi-criteria decision making processes to
optimise overall plant performance by probabilistic methods.
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4.2 Useful Regulatory Applications

Positive experience with the use of probabilistic approaches have been
reported:

-- as a guide to regulatory standards development;

-- on specific applications of deterministic principles (classification
of design basis events according to their expected frequencies);

-- to demand periodic reassessments of plant safety on a probabilistic
basis using plant specific “"as-operated" data;

—-- as supplementary information for licensing purposes;

-- to establish probabilistic "safety assessment principles" or
quantitative design or safety goals.

Different drawbacks of fixed reliability or other absolute
probabilistic criteria have been pointed out. The plant specific context is
in general necessary for decision making.

Further applications that have been reported:

-- backfitting decisions;

-- emergency planning.

4.3 Useful applications for optimisation of plant design and operation
(mainly within design base)

Plant specific systematic reliability analysis, probabilistic safety
analysis or low level PRA are considered as important management tools to
maintain and improve overall plant performance during all phases of the
plant's lifecycle.

Positive experience reported concerns mainly:
-- conceptual or detailed plant design;
-- supplementary analyses during licensing procedures;

- plant—épecific evaluation of operational experience or other new
information.

Licensing authorities or their advising experts in general accepted
this approach.

Many exceptional positive comments have been stated, negative comments

concern known problems such as dependent faults, data availability,
analyst-dependence of results, human factors, completeness.
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4.4 Conclusions

Taking actual limitations of PSA/PRA methods -- data and resources --
as well as ongoing research, especially source term research, into account,
the following conclusions are drawn for the further development of adequate
approaches to systematic PSA/PRA applications during the plant's lifecycle:

1. development of a common technical understanding and of principles for a
stepwise implementation of probabilistic approaches into the regulatory

practice:

-- principles and methods for the ranking of initial events and event
sequences and for the assignment of safety limits and performance
criteria for design purposes;

-- approaches, methods and criteria for the selection and analysis of
event sequences and safety functions which can be considered as
representative of “sufficient reliability" and "well balancedness"

for design and licensing purposes;

-- principles and approaches to the review of safety requirements
against new information. .

2. Development of a common technical understanding of the use of PSA/PRA
information to support operating plants:

-- principles, approaches and methods for the improvement of technical
specifications (LCOs, AOTs, STIs);

-- approaches to the feedback of operational experience to review
parameters, assumptions, results and methods of former probabilistic
safety assessments;

-- principles and approaches to optimise plant reliability and maintain
plant safety during plants' lifecycles.

3. Development of guidelines to increase applicability of PSA/PRA methods
and results:

-~ guidelines for analysts to make PSA/PRA information more applicable
to potential users;

—- common technical understanding of the importance of the 1imitations
and weaknesses of probabilistic methods for the application in
decision making processes of:

common mode failures

human failures

uncertainties and completeness
conservative or best estimate assumptions.
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APPENDIX

Comprehensive survey of examples of PSA/PRA applications in Member
countries.

- 33 -




Menber Contact Decision- Area of Title of Application
State Person making Decision making
Body 1. Generic Regulation
2. Generic RD
3. Plant-Specific
1. 2, 3.
Australia E.R.Corran A.A.E.C X HIFAR-Safety Analysis Task
E.R.Corran A.A.E.C X Reliability Study of the
HIFAR BEmergency Core (ooling
System
E.R.Corran A.A.E.C X Reliability Analysis of the
HIFAR Contaiment Iso-
lation System
Belgium M. Preat Licensing x Electrical Systems of
Experts Doel 1 & 2 NPP
M.Preat Licensing - X Auxiliary Boilers Explo~
Experts sions at Doel 1 & 2 NPP
M.Preat Licensing ' X Safety Analysis for Doel
Body 354 NP
Canada F.K.King Ontario Bydro X The Darlington probabi-
- listic safety evaluation
Finland VTT X Relisbility Malysis of
safety functions of Loviisa
VTT - X Relisbility Analysis of
safety functions of Qlkilwto
ver X Analysis of accident
sequences of Seciure
France J.M,.Lanore 8.C.8.1.N, X 900 MW-PWR-Risk reduction by
adjinction of a gas tixrbine
J.M.Lanore EF- X Probabilistic Analysis
of PFessenheim power plant
systems safety
J.M.Lanore ELF~ X Probabilistic Studies of
CEN/ system safety in Paluel
IPSN power plant
J.M.lanore EP- X Probabilistic Analysis of
Cen/ the loss of redundant safety
IPSN systems
J.M.Lanore NERSA- X X Computation of settimes for
EIP pieces of egnipment important
~ for safety of Creys Malville
power plant using probabilistic
methods
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Title of Application

Menber Contact Decision— Area of
State Person making Decision making
Body 1, Generic Regulation
2. Generic R+D
3. Plant-Specific
1. 2, 3.
Germany 1 H, Fabian WU X Improvement of SG-feeding
(PAR)
2 H, Pabian - KW X Reliability of closing of
the BaR-Isolation Valves
3 H, Pabian KWU- X Optimization of plant
operation at a SG tube leakage
4 H, Pabian KU X Preliminary PRA for the
PHAR-plant Atucha II
5 Kleppmann TOV-Stuttgart X Coarse-meshed PRA for GRN 2
Power Plant
6 W. Wachholz HRB X Degign Stage Application:

10

11

12

13

H.-P.Balfanz  TUV-Nordd,

High Temperature Reactor

PSA of safety systens of
KBR power plant

H.-P.Balfanz TUV-Nordd.

PSA of reactor protection
system of KWG, KKP-2, KBR
power plants

H.~P.Balfanz TUV-Nordd.

PSA of safety systems of
KKK power plant

Optimizations as Consequences
of the German Risk Study

Application of Single Pailure
Criverion and External Events

Classification of Bvent
Sequences for Design Purpose

M.Berttrich -

M.Herttrich ~m X
M.Berttrich KA X
M.Berttrich BMI X

NPP-Safety Criteria/
Probabilistic Approach
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Menber Qontact Decision- Area of Title of Application
State Person making Pecision making
Body 1. Generic Regulation
2. Generic R#D
3. Plant-Specific
1. 2, 3.
Italy 1 S.Toccafondi BENEL (R X X Alto Lazio safety reliabi-
AN-SALDO lity analysis (ALSRA)
2 G.Russino ENEL OR NIRA X X PN PSA Study
3  AvValeri ENEA/DISP X Review of ALSRA . +
4 A Valeri ENEA/DISP X Review of the FON ESA Study
perfomed by ENEL/NIRA/W. .
5 AValeri ENEA X Core rescue system (SSN)
for LWR's
Japan 1 T.Tobioka Nuclear Safety X Licensing Decision on BWR, PR,
Commission IMFER Safety Systems Design
Netherlands 1+2 H.J. van Grol FKernfysische X Calculation based on Rasm.-
Dienst Report for KCD and KCB
Spain 1 J.I.Villadoniga FPlant owner X Relisbility analysis of the
auxiliary feedwater system
(AFWS) - ALMARAZ NPP
2 J.l.Villadoniga Regulatory X Reliability analysis of the
Body (CSN) axxiliary feedwater system
(AFRS) = ASQO NPP
3 J.1.Villadoniga Regulatory X PSA of Santa Maria de
Body (CsN) Garona NPP
Sweden 1 T.Lilja Swedish State X Discovery and rectification of a .
Fower Board potential comon cause failure
2 T.Lilja Ssedish State X Discovery and rectification
" Power Board of deficiency in system for
level indication in RV
3 L.Carlsson Licensing X Bvaluation of technical
Authority specifications and s~
veillance requirements
4 Dtility and X PRA of Ringhals 1 N

Licensing Autlority

Utility and

Licensing Authority

PRA of Ringhals 2
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Menber Contact Decision— Area of ] Title of Application
State Person making Decision making
Body 1. Generic Regulation

2, Generic R+D
3. Plant-Specific

1. 2, 3.

Switzerland 1 S.Chakraborty Licensing X Reference ore Melt Acci-
Authority dents
2 Utility and X PRA of Leibstadt
Licensing
Authority
. 3 . X PRA of Beznau
United 1 F.R.Allen UKAEA X FPuel Pin Ballooning Risk
Kingdam Assessment
a
2 . cEGB X X PRA of Sizwell
U.S.A, 1 P. PFowsome US-NRC X Prioritization of Safety
Issues
2 P, Fowsome US-NRC X Systematic

Evaluation Program (SEP)

3 F. Fowsome US-NRC X Indian Point ASLB Frocee-
dings
4 F. Fowsome US-NRC X Pressirized Thermal Shock
5 F. Fowsome Common wealth X Indian Point Briipment
Edison Comp. and Procediral Changes
6 P. Fowsome US-NRC X

BEmergency
Planning and Response

7 P. Fowsome US-NRC X Mticipated Transients
Without Scram (AIWS)

8 F. Fowsome US=NRC X Auxil iary Feedwater
System Availability

9 F., Fowsome US-NRC X Valie/Impact Assessments
for Generic Reguirements

10 F., Fowsame US-NRC X R Bvaluation of Exemptions
from LCO Tech. Specs and
Swrveillance Regs,

11 F. Fowscme US-NRC X —_ Accident Management
12 F. Fowsome US-NRC X X NRC Bolicy on Rutwre
Reactor. Design
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