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FOREWORD

In recent years, substantial effort has been devoted to maintain and
improve operational safety performance of nuclear power plants (NPPs). A
number of different methods and tools have been developed and implemented
to help achieve this. Among all these developments/ numerical indicators
of NPP safety performance have been seen as one of the most important and
useful management tools.

In view of the worldwide interest in performance indicators, the IAEA
sponsored a Workshop on Approaches to Quantitative Assessment of Opera-
tional Safety Performance at its Vienna Headquarters from 5 to 9 September
1988, which was attended by representatives from twenty-two Member States
operating nuclear power plants. During the workshop, the current status of
the development and use of numerical indicators of participating Member
States was presented. In addition, a consensus on the benefits of use of
numerical indicators was reached.

In September 1989, the IAEA organized a Technical Committee Meeting on
the Development and Use of Numerical Indicators to Enhance Nuclear Power
Plant Operational Safety Performance. This Technical Committee Meeting
reviewed the progress in the development and use of performance indicators
developed by INPO/UNIPEDE (and which are to be used by WANO members), and
identified them as the most appropriate for international use At the
same time, the committee pointed out the importance of further development
of safety dedicated as well as detailed indicators.

The purpose of this document is to summarize the discussions held and
conclusions reached at both meetings. It aims towards informing the reader
of major trends of development and use of indicators and of possible new
developments in the future. Since both meeting reports are based on and
eventually summarize a number of presentations which have been given at the
meetings, it will be of interest to technical, managerial as well as
scientific audiences.



The report is organized in two major parts, each being devoted to one
of the meetings (1988 and 1989, respectively). Each part contains the
report which was prepared during the meeting, list of participants and list
of all the papers presented at the meeting. The presentations in two
volumes (1988 and 1989) are available from the IAEA's Division of Nuclear
Safety, Safety Assessment Section, upon request.

EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts and given some attention to presentation.

The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.

This text was compiled before the unification of Germany in October 1990. Therefore the
names German Democratic Republic and Federal Republic of Germany have been retained.
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PARTI

WORKSHOP ON APPROACHES TO QUANTITATIVE ASSESSMENT OF
OPERATIONAL SAFETY PERFORMANCE

Vienna, 5-9 September 1988



1. INTRODUCTION

The International Atomic Energy Agency (IAEA) has been closely
monitoring the worldwide developments in approaches to quantitative
assessment of nuclear power plant operational safety. Many nuclear plant
operating organizations, regulatory bodies/ industry groups, and
international organizations in Member States have started using and
developing performance indicators for the quantitative assessment of
operational safety in the last few years. Also, the IAEA has been involved
in the use and development of quantitative indicators as a part of its
Operational Safety Indicators Programme (OSIP) since 1985 to :

Provide objective input to OSART and ASSET evaluations, and
make available a tool to countries that do not have the benefit
of an extensive technical support.

In view of the worldwide interest in performance indicators, the IAEA
sponsored an Open Workshop at its Vienna Headquarters from 5 to 9 September
1988. The objectives of the workshop were as follows:

To promote the concept that operational safety can be
quantitatively assessed for complementing qualitative assessment,

To outline logical approaches to operational safety based on a
clear definition of a safe plant (e.g., International Nuclear
Safety Advisory Group's Basic Safety Principles for Nuclear Power
Plants , INSAG-3, IAEA, 1989), and,

To encourage the appropriate and consistent use of numerical
indicators available internationally (e.g. INFO, UNIPEDE, etc.).

It is recognized that numerical indicators are most beneficial on a
plant specific basis. However, adopting a uniform set of indicators with
common definitions would facilitate the international exchange of
information for the benefit of the nuclear community. In this regard, the
following clarifications were provided at the onset of the workshop to
avoid any misunderstanding:

- The IAEA did not intend to impose any requirements
on a specific logical approach to plant operational safety,



on a specific method to assess operational safety
(quantitative or qualitative), or
on specific indicators.

The IAEA did not intend to collect international plant data other
than what is done on a case-by-case basis for the OSART and ASSET
missions, and

- The IAEA did not intend to rank plants or to make plant to plant
and country to country comparisons.

The goals of the workshop were established as follows:

- To exchange information and experience on the state of the
development and use of performance indicators (through
presentations from participants), and

- To draft conclusions on the review of the following three primary
questions (through working groups):

How to measure the impact of nuclear power plants on public
and plant personnel safety?,

How to measure the effectiveness of plant activities which
contribute to the restrictions of plant impact?, and

- How to measure the effectiveness of operational safety
improvement process?

This report summarizes the results and conclusions of the workshop.
The composition of the working groups, the affiliations of participants,
and the list of presentations are provided at the end of this part.
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2. INFORMATION EXCHANGE ON PERFORMANCE INDICATORS

There were twenty-four (24) papers from 21 Member States presented
at the workshop. The papers generally represented the status of the use
and development of performance indicators at several operating
organizations, regulatory bodies, industry groups, and technical research
organizations in many countries. In a few cases, they represented the
views and opinions of the participants while in a few others they contained
comments and suggestions with regard to the IAEA-OSIP. Copies of the
papers and presentation material have been provided as a separate document
to the workshop participants.

3. WORKSHOP CONSENSUS ON THE ANSWERS TO THREE PRIMARY QUESTIONS

The workshop participants were asked by the IAEA to arrive at a
consensus on answers to the following three primary questions:

- Question No. 1: How to measure the impact of nuclear power
plants on public and plant personnel safety?

- Question No. 2: How to measure the effectiveness of plant
activities which contribute to the restriction of impact on
public and plant personnel safety?

- Question No. 3: How to measure the effectiveness of
operational safety improvement process?

These questions were first addressed in three separate working groups
and then in open forums for all participants. The responsibilities for
drafting the answers to the questions, on the basis of the consensus of the
participants, were assigned to the working groups as follows:

Working Group 1: Question No. 1, and specific indicators for
measuring the effectiveness of plant activities.
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Working Group 2: Question No. 2

Working Group 3: Question No. 3

The consensus of the workshop on the answers to the questions are
provided below.

3.1 How to Measure the Impact of Nuclear Power Plants on Public and Plant
Personnel Safety?

There are several tools to "measure" the impact of a nuclear power
plant on public and plant personnel safety, such as Probabilistic Safety
Assessment, and Analysis of Operating Experience, etc. If the question is
understood as "how to measure the impact of nuclear power plants on public
and plant personnel safety by using performance indicators", an analysis of
the advantages and disadvantages of the sets of performance indicators
already developed worldwide has led to the following conclusions:

- There are several sets of indicators already developed by many
organizations, such as INPO, UNIPEDE, US NRC, IAEA (OSIP),
Technical Research Centre of Finland, etc.. An independent
effort, conducted by one of the working groups that included
defining the purpose of performance indicators, identification of
ideal characteristics, selection of candidate indicators, and
refinement of the candidate indicators consistent with the
purpose and ideal characteristics, produced a similar set of
indicators. The key results of this independent effort are
provided in Section 4 of this report.

- The practical experience of the INPO and NRC sets appears to show
a clear improvement in the operational safety of nuclear power
plants in the US.

At least the NRC set has been derived through the use of a logic
tree (model) where safety is the top element and it has undergone
extensive testing and validation.

- The derivation process of the IAEA-OSIP indicators is not clearly
defined in the information provided to the workshop. Also, these
indicators have not been validated through their use to-date.
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After a detailed analysis of each indicator it was found that/ in
general, they would need substantial refinements. However, in
many cases, the areas covered by the indicators (e.g. reliability
of safety functions, effectiveness of incident prevention) were
considered to be very important. Other aspects of OSIP
indicators, such as their expression in ratios instead of
absolute values, may need reconsideration. Given this situation,
the set of OSIP indicators should not be published for use by the
Member States.

Rather than going again through the painful process of selection and
validation of potential indicators, and for ensuring that the benefits from
the use of performance indicators can be derived as soon as possible, the
following is recommended:

- Encourage the operating organizations in the use of indicator
already developed, such as those by INPO/UNIPEDE etc. (first
priority).

- Provide information about the indicators used by one
organization to other organizations including those of the US
NRC to other regulatory bodies in Member States so that they
can have an opportunity to adopt and use them if they so
desire, (second priority).

- Start developmental work in cooperation with organizations,
such as INPO, UNIPEDE and the US NRC to exert a positive
influence in the achievement of further improvement of the sets
already developed, (third priority).

It is rather difficult to make any suggestions about a "logical
model" that should be used in the developmental work mentioned above.
However, logical models such as those used in the Probabilistic Safety
Assessment (PSA) deserve serious consideration. The development of
performance indicators that are more directly related to safety (risk) by
means of tools, such as the PSA should be pointed out.
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3.2 How to Measure the Effectiveness of Plant Activities which
Contribute to the Restriction of Plant Impact on Public and Plant
Personnel Safety (such as surveillance, maintenance, training of
personnel, preparedness of accident management, operation within
safety limits, etc. )?

The workshop participants believe that the existing indicators,
recommended earlier in response to Question No. 1, partly and indirectly
cover many of the activities mentioned in this question. Unfortunately, it
is not possible to demonstrate the feasibility of more direct indicators of
the effectiveness of plant activities at this time since there is no
practical experience in the utilization of such indicators. However, the
majority of the workshop participants believe that specific indicators for
measuring the effectiveness of plant activities would be very beneficial.
Specific comments and recommendations are provided below:

(1) Surveillance and Maintenance. There are at least three
potential methods to derive indicators in this area:

a) Preparing a list of candidate indicators, collecting plant
specific data from a number of plants and validating the
indicators.

This method is currently being used by the US NRC. Since this
method requires a massive amount of data for validation
purposes.

b) Deriving indicators by the use of a logical model.

Maintenance and surveillance are appropriately considered in
the PSA models because of their effect on system
unavailability, and therefore, on safety.

c) Obtaining information from plants, that are using Reliability
Centered Maintenance Programme, about the improvements made in
the area of maintenance and surveillance as a result of such a
programme.

(2) Training of Personnel and Preparedness for Accident
Management. Methods 1 (a) and 1 (b), mentioned above, could be
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used in these areas. The idea of measuring the effectiveness
of preparedness for accident management is an excellent one but
is not covered in the sets of indicators currently available,
other than the one in IAEA-OSIP. At this time, it seems rather
difficult to assign meaningful numerical values in this area.

(3) Operation Within Safety Limits. The operation within the
safety limits must be the normal situation at a plant.
Performance indicators aim towards more than just meeting
limits, that is, striving for excellence. Therefore, this area
may not be suitable for exploring indicators.

The development of indicators in the area of surveillance and
maintenance effectiveness using methods l(a) and l(b) are considered as the
highest priority work under Question No. 2 It is recognized, however,
that it may be beneficial to try to validate the indicators for which data
were collected during the OSART missions. One activity that is not
mentioned in Question No. 2, Quality Assurance, deserves a specific
consideration in the development of indicators.

3.3 How to Measure the Effectiveness of Operational Safety Improvement
Process in Nuclear Power Plants?

Indicators should be utilized for the determination of trends in
operational parameters in order that any potential effect on plant
performance can be detected.

When using indicators for trending purposes both time-based
occurrences and unique — occurrences are to be considered to ensure that
the results are not misleading.

Trends are primarily for use in plant management reviews of
performance and any subsequent actions. Performance indicators should lend
themselves to international use for reference purposes and provide a basis
for further analysis to meet the. objective of performance improvements.

!_/ An example of time-based occurrence would include cyclic increase
in personnel radiation exposure due to in-service inspection
activities during refuelling.

2/ An example of a unique occurrence would include a reduction in
plant capability factor because of a backfit of a safety system
necessitating an extended outage during a given year.
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4. OTHER CONCLUSIONS

The methodology used by one of the working groups for addressing the three
primary questions included the following:

- Establish purpose for performance indicators,
Develop a list of ideal characteristics of performance
indicators,
Develop a list of candidate indicators,

- Narrow/refine the list of candidate indicators consistent with
the purpose and ideal characteristics,
Identify sources of definitions, and then

- Review the three primary questions

This independent work resulted in some key conclusions in the areas
of purpose, ideal characteristics, cautions and limitations for the use of
performance indicators, and indicators warranting further work. These
conclusions, endorsed by the workshop participants, are summarized below
and recommended for appropriate use by the IAEA and organizations from
Member States.

4.1 Purpose of Performance Indicators

The primary purpose of performance indicators is to provide the best
available compilation of objective indications to assist management in the
assessment of

Operational Safety
Safety Attitude

- Management Quality
- Needs for Improvement

And to:

Facilitate identification and exchange of good practices, and
- Encourage emulation of good performance.
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4.2 Ideal Characteristics of Performance Indicators

The ideal characteristics of performance indicators are as follows:

(i) Close relationship to risk (safety),
(ii) Data readily available,
(iii) Quantitative (show range of performance),
(iv) Unambiguous,
(v) Unlikely to cause undesirable actions,
(vi) Significance should be understood (objective and fair),

2 /(vii) Industry wide applicability,
(viii) Not susceptible to manipulation,
(ix) Physical results,
(x) Independent,
(xi) Manageable set, and
(xi) Worthy goal.

4.3 Cautions and Limitations for Use of Performance Indicators

A set of performance indicators provides an additional view of
operational performance and enhances the ability to recognize areas where
safety performance of operating plants could be improved. However, it is
only an aid and is to be used in conjunction with other methods for
providing overall input to management strategy and decisions.

It should be recognized that performance indicators have limitations
and are subject to misinterpretation. Therefore, caution is warranted in
their interpretation and use.

To avoid possible adverse effects, the following cautions and
limitations are provided:

(i) Performance indicators are intended as a tool for management
to monitor trends in overall performance for a given plant.
The performance indicators for a given plant should be viewed
as an unweighted set. When viewed as a set, the performance
indicators provide one of several measures of plant
operational performance.

I/ Should not discourage when real benefit.
2/ Should accommodate special cases.
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(ii) It is inadvisable to take regulatory action on the basis of
performance indicator programme results alone.

(iii) Performance indicators should not be used for ranking overall
performance of nuclear power plants or presented in such a way
as to imply problem facility status for individual plants.

(iv) Users should bear in mind when evaluating performance
indicator results that the indicators are assessment tools
that aid in the identification of unanticipated performance/
and that the underlying causes should be carefully assessed,
evaluated, and understood (factoring in other available
information).

(v) It should be recognized that performance indicator values may
be affected by national policies and practices, and
international comparisons should be made with caution.

It should be recognized that in conducting plant reviews, it is often
necessary to rely on additional plant data beyond performance indicators.

4.4 Performance Indicators Warranting Further Work

(i) The existing INPO scope of availability of safety systems
should be extended to include shutdown capability (reactor
protective system).

(ii) Liquid and gaseous releases and the generation of low level
solid waste should be addressed by performance indicators.
Minimization of these products is considered to reflect good
management practice. (These indicators are important because
they measure management quality, even if they are not
directly related to risk).

(iii) Consideration should be given to the development of an
indicator to evaluate plant cycle- usage factor.

I/ Thermal and pressure cycles significant to pressure boundary
life. For example, the subcooling cycles of greater than
allowable subcooling rate.
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5. RECOMMENDATIONS

The overall recommendations for further activities in the area of
performance indicators are categorized into first priority and second
priority, and are summarized below.

5.1 First Priority

5.1.1 Encourage utilities to use performance indicators as a
management tool.

5.1.2 Encourage utilities to employ a common set of performance
indicators in addition to any that meet specific local
needs. The set being developed by INPO/UNIPEDE is
recommended.

5.1.3 Identify and promulgate the purpose of performance indicators
and cautions and limitations for their utilization, as
described in Section 4 of this report.

5.2 Second Priority

5.2.1 Encourage further work, to:

a) Develop and validate new performance indicators as
suggested in Section 3 of this report.

b) Achieve continuing improvement in performance
indicators, while recognizing that too many changes may
inhibit successful trending of results.

c) Reduce unnecessary diversifification of effort.
(Emphasize international cooperation).

5.2.2 Specifically, encourage research into development of methods
that directly measure risk, for example performance
indicators that are based on probabilistic safety assessment
techniques.

Next page(s) left blank 19
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PART H

TECHNICAL COMMITTEE MEETING ON
THE DEVELOPMENT AND USE OF NUMERICAL INDICATORS

TO ENHANCE NUCLEAR POWER PLANT
OPERATIONAL SAFETY PERFORMANCE

Vienna, 4-8 September 1989



1. INTRODUCTION

The IAEA has been involved in this area since 1985 as part of its
ongoing interest in monitoring the worldwide developments in relation to
the Operational safety of nuclear power plants. The general aim is to
provide a management tool which will be available to member countries for
monitoring their plants operations. When developed further, this tool may
also be useful to both the IAEA's Operational Safety Review Team (OSART)
and the Assessment of Safety Significant Events Team (ASSET) evaluations.

The meeting was the first under the programme proposed at the 1988
Workshop entitled "Approaches to Quantitative Assessment of Operational
Safety Performance" which aimed to encourage an annual exchange of
information and relevant experiences on performance indicators of nuclear
power plant.

2. PURPOSE OF THE MEETING

The gathering together of representatives of nuclear plant operating
organizations, regulatory bodies, industry groups and technical research
institutes enabled a wide ranging exchange of current views to take place.

The presentations made to the committee allowed a most useful
exchange of information and ideas, firstly on the trial set of performance
indicators (Pi's) identified by the 1988 workshop and secondly on what
became defined at the meeting as the "Overall Set" of Pi's. This Overall
Set is viewed by the operators as most appropriate for their needs and is
currently being proposed for international use. 17 papers were presented
at the meeting on topics ranging from the International Set of Performance
Indicators (equivalent to the 'Overall Set1), through the use of trial Pis,
through root cause analysis of plant failures and breakdowns to future uses
such as plant "on-line" and "expert" systems. These presentations took
place over the first 2 days.

For the remaining 3 days the meeting divided into two working groups
to discuss questions raised by the IAEA; these were:

1) Indicators to enhance plant safety performance based on existing
plant performance indicators. (Working Group 1)
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2) Indicators to enhance plant safety performance to be used as
"prevention" tools i.e. on-line prediction systems. (Working
Group 2)

The details of the points discussed at these two groups are given in
Appendix 2 and a list of participants is at Appendix 3.

3. PROGRESS WITH THE USE OF PERFORMANCE INDICATORS

3.1 General

Discussions at the meeting confirmed a continuing on-going interest
by representatives of member countries in establishing a better
understanding of performance indicators generally and also for establishing
a proper basis for the use of such indicators to enhance performance.

The operating organizations were generally in favour of gaining
experience with the Overall Set under stable conditions (i.e. keeping to
the existing fixed number of Pi's and to the current data gathering
schemes) to enable a balanced judgement to be made of their 'usefulness and
effectiveness as indicators of operation safety over the next two or three
years. In contrast, there was general support from some operators on the
committee for the introduction now of additional performance indicators at
a level below that of the Overall Set of Pi's; this issue was discussed
widely at the meeting, and was considered a suitable topic for resolution
of Working Group 1.

The presentation from the World Association of Nuclear Operators
(WANO) was most welcome and provided a sound basis for the future exchange
of operational information. Their presentation also provided what may be
regarded as the best set of performance indicators available at this time.
It had been jointly developed by INPO and UNIPEDE, and very importantly
gave appropriate definitions for each PI and its use. It is proposed that
this International Set of Pis will be implemented by all operators wishing
to participate in a worldwide programme as from 1 January 1990. WANO are
to have the responsibility for overseeing this exercise, called the Plant
Performance Indicators programme. However, reservations were expressed by
a number of delegates concerning the use of the Overall Set to provide a

30



measure of the operational safety aspects of a nuclear power plant. This
topic again was considered a suitable topic for Working Group 1.

The Belgian and US regulators outlined the experience they had gained
in the use of performance indicators. Their presentations indicated
support for further consideration of the human factors aspects of plant
safety, mainly maintenance and operator actions and of plant modification
procedures. The information provided raised the question whether suitable
indicators were available in these areas, or if not should they be
developed. This point is dealt with later in the paragraph. Other
contributions identified specific plant based performance indicator
experience, including that for research reactors, which could be fed back
to the operators group WANO for further evaluation and consideration as
necessary. The remaining presentations included details of the
comprehensive programmes of performance indictor work which are now
underway or planned. In some cases, these went beyond the International
Set of Pi's as a result of the inclusion of additional detailed performance
indicators in key areas that have been identified by some countries.
Results in these areas are now being obtained.

3.2 Results of the 1988 Workshop

The 1988 Workshop considered three key aspects about the use of
performance indicators which were listed as follows:

1) How to measure the impact of nuclear power plants on public and plant
personnel safety?

2) How to measure the effectiveness of plant activities which contribute
to the restriction of impact on public and plant personnel safety?

3) How to measure the effectiveness of operational safety improvement
process?

The conclusions reached at the 1988 Workshop were reported in the
first part of this document. The first of these comprised three items
which are listed below along with considered views of this meeting.

Conclusion (a) "Encourage the operating organizations to use the
indicators already developed, such as those by
INPO/UNIPEDE."
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As a result of the Technical Committee considerations this list has
now been superseded by that proposed by WANO. The list is given in Table 1
and is now recommended for use by Member States.

Conclusion (b) "Provide information about the indicators used by one
organization to other organizations so that they can have
an opportunity to adopt them if they so desire."

The paper from Canada to this meeting reviewed the responses of
Member States to the questionnaire (see Table 2) which the IAEA circulated
in response to this conclusion (see Tables 3 and 4). The responses were in
general poor and following discussion the Technical Committee did not
support a repetition of this approach. In particular, because the paper
reported a general lack of detailed responses to the questions raised, the
Committee endorsed the paper's main conclusion that the dialogue between
those countries and organizations that have developed or are developing
methodologies and those that seek information in this area is encouraged.

Conclusion (c) "Promote and coordinate the developmental activities of
organizations, such as INPO, UNIPEDE, US NRC and others to
improve the performance indicator sets already developed."

This response was reviewed under the terms of the discussions of
Working Group 1.

Text cont. on p. 40.
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TABLE 1. LIST OF PERFORMANCE INDICATORS

Candidate Performance Indicators
Listed by the 1988 Workshop

CURRENT
1990 WANO

(INPO/UNIPEDE)

(i) Fuel Integrity /

(ii) Capability Factor /

(iii) Unplanned Capability Factor /

(iv) Thermal Performance /
(Balance-of-Plant)

(v) Chemistry Index /

(vi) Availability of Safety Systems Unavailability

Decay Heat Removal
- Safety Injection
- Emergency Power

Shutdown Capability
(Reactor Protection System)

(vii) Transients (challenges-Trips)

(viii) Plant Cycles - Margin to
Usage Factor (Thermal and/or
Pressure Cycles)

(ix) Solid Low Level Waste and
Gaseous & Liquid Release

(x) Personnel Exposure
(xi) Industrial Accidents

/ AF
/ HPSI
/
No

Spurious
(unplanned)
reactor scrams

No

No

Lost time
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TABLE 2. QUESTIONNAIRE ON EXPERIENCE OF DEVELOPMENT AND USE OF
NUMERICAL INDICATORS TO MANAGE NUCLEAR POWER PLANT PERFORMANCE

1 Do you use quantitative objectives for plant management'

2 Are the plant nanagement objectives monitored by quantitative indicators'

3 Do you use retrospective indicators representative of past plant
performance such as for example the INPO/UNIPEDE overall perforrance
indicators9 List' Definitions ' Experience '

4 Do you use additional detailed retrospective indicators for monitoring
specific plant items ' List ' Definitions ' Experience ?

5 Do you use predictive indicators representative of likely future plant
performance such as for example, trends on reliability of the basic
elements personnel, guidance, equipment ? List ? Definitions '
Experience '

6 Do you use prospective indicators representative of the probability of
occurrence of unacceptable situations (risk based indicators)' List '
Definitions9 Experience '

7 Do you intend to further develop your sets of numerical indicators '
8 What are your views on the greatest advantages and disadvantages of the

use of quantitative indicators9

N.B : Your reply may be provided in the format of your choice. An example
of different categories of numerical indicators is attached
Please return your reply before the end of Hay 1989 to the following
address:
Division of Nuclear Safety
International Atomic Energy Agency
P.O. Box 100
Wagramer Strasse 5
A-1400 Vienna
Austria
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TABLE 3. REPLIES TO THE QUESTIONNAIRE

(1989-09-07)

TOPICAL ARKAS FOR NUMERICAL INDICATORS INTEREST OF COUNTRIES AMD INTERNATIONAL ORGANIZATIONS

I. IHPACT OF PLAHT OPERATION

IMP ACT_GF PLANT OPERATION
ON_EHVIRONMEHT

. Radioactive wastes
- solid
- liquid

gaseous

I«PACT_OF PLANT OPERATION
_ _ _ _ * _

IMPACT_OF PLANT OPERATION
~ON_PERSONNEL

. Industrial Safety
ace ident rate

- lost time

. Radiation exposure
collective

- individual
II. TECHNICAL PERFORMAHCK OF

THE PLAHT

ELECTRICITY PRODUCTION

, load factor
, capability factor
. thermal performance
. forced outage rate
. Plant trips (reactor

turbine) or power
reduction

. chemistry

. energy costs
OPERATIONAL SAFETY

. Safety functions
reliability
reactor shutdown

- cooling of fuel
- confinement:

+ fuel cladding
+ primary envelop
+• containment

. Safety support functions
reliability

- off-site power
- on-slte power (diesels)

cooling water
instrument air

. Safoty systems actuations

- reactor shutdown
- cooling of fuel
- confinement

. Effectiveness of incident
prevention

. Reliability of plant
personnel

. Completeness of accident
preparedness

. Safety related
improvements

ARG

X

X
X
X

X

X

X
X

X

X
X

X

X

X

X
X

X

BEL

X

X

X

X

X

X
X
X

X

X

X

X

X
X

X

BRA

£LJte

i

BUL

>
Q.
or

o

CAM

X

X
X
X

X

X

X
X

X

X
X

X

X
X
X

X

X
X

X

X

X

X

X

CKB

X

X
X
X

X

X

X
X

X

X

X

X

X

X
X

X
X
X

X

X
X
X

X

X

t'IH

X

X
X
X

X

X

X
X

X

X
X

X

X

X

X

X

X

FRA

X

a
iz:

X

'JJ'JJ

X

X

sQ_
1

X
UJ
UJ
CO

X

PRG

>-
UJa:

§

GDR

X

X
X
X

X

X
X

X
X

X

X

X

X

X

X

X
X
X

X
X
X
X

X

X

mm

X

X
X
X

K

K

X

X
X
X

X

X

X

I HD

X

X
X
X

X

X

X

X
X
X
X

X

X

X

X

m

Jo.
o:

§

JAP

X
X
X

X

X
X

X

X

X

X

KOR

X

X
X
X

X

X

X

X
X
X
X

NBTH

X

S
££
X

L1J

X

X

g
ÜJo.

X

UJ
V)

X

PAK

X

X

SAF

X

X
X
X

X

X
X
X
X

X

X

SPA

X

X

X

X

X

X

X
X
X
X

X

X

X

SWE

X

X
X

X

x
X

X

X

X

X

X

SHI

^
o.
or

oz

UK

X

X
X
X

X

X
X

X
X

X

X
X
X
X

X

X

K
X

X

X

USA

,__
^
o;

o

USSR

X

X
X
X.

X

X

X

X

X
X

X
X

X

X

X

X
X
X

X

YUG

X

X
X
X

X

X

X

X
X
X
X

X

X

X

X

X

X

UHt
PBDE

X

X

X

X

X

X

X
X
X

X
X

X

X

X

X

X

IKPO

X

X

X

X

X

X

X
X
X

K
X

X

X

X

X

X

MAKO

X

X

X

X

X

X

X
X
X

X
X

X

X

X

X

X

IAEA

X

X

X

X

X

X

X

Key: X - area of interest
x - specific indicator in use
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TABLE 4. (cont.)

COUNTRY

FINLAND

FRANCE

GERMAN
DEMO-
CRATIC
REPUBLIC

HUNGARY

INDIA

ORGANIZATION

STUK

TVO

IVO

TECHNICAL
RESEARCH
CENTRE

EOF (UNIPEOE)

National
Board for
Atomic Safety
£ Radiation
Protection

PAKS NPP

Dcpt. of
Atomic Energy

1

N/A

No

Yes

2

N/A

Yes

Yes

3

N/A

Yes - see list

No. (but see
joint paper)

4

N/A

öts 3

No

5

N/A

Wo

No

6

Safety
objectives
specified for
new plant.

No

No but PSA
being developed
for Loviisa

7

Project to
develop Pis
has been
set up
- only

started
- no results

May change
list with
experience

See paper

8
Advantage

- Trends

Cuick reference

Trends within 1
plant or company
Early warning
of adverse
development.

8
Disadvantage

- Information may
be shallow
(misleading?)

Misinterpretation

Comparisons

Contributor to Paper

No specific answers - only showed UNIPEDE indicator set.

Some objectives set
out by regulator.

Omissions
reportable
as unusual
events

Yes. List
provided

Yes in
some
areas

Yes. List
provided

Yes. List
provided

Yes. list
provided

Similar to INPO/
UNIPEDE

Yes. List &
defs provided

see 3

No Answer

No see list

Travel
analysis used
for predict-
ion

No

Yes. limited
way from
reliability
data

Prospective
indicators being
prepared .

No but
interested

No, would like
help

Looking
forward to
IAEA workshop

Working on
development
- objectives

stated

With more
experience
and using
other's
experience

- Trends
- Early warning
- Definitions must be clear —

. objective

. assess safety

. management
quality

. identify
weakness

. Useful
management
tool
(expansion in
paper)

. Not all

. Comparison coulc
be misleading

. Reluctance to
report bad
performance
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TABLE 4. (cont.)

COUNTRY

REP. OF
KOREA

NETHER-
LANDS

PAKISTAN

SOUTH
AFRICA

SPAIN

SWEDEN

JAPAN

ORGANIZATION

KEPCO

Pakistan
Atomic Energy
Commission

Electricity
Supply
Commission

Unidad
Electrics SA

Swedish State
Power Board
(Forsroark)

MITI (NUSIRC)

1

Yes

No

No
specific
answer

Yes at
Koeberg

2

Yes

No

No
specific
answer

Yes

No specific Answer

Yes

Yes

Yes. List
provided
(target
goals)

Yes

3

Yes
(See list)

No
(But being
introduced)

Implementing
programme at
Karachi NPP,
Want to share
experience

Yes see paper
for details
- using trending
Yes. Example
given

List of Spanish
NPP indicators
provided

Attached to
annual reports
common to all
Swedish NPPs.
Similar to INPO

Yes (see list)

4

No

No

5

Yes

No
(But deve-

ping)

6

No

No

- —— — No specific answer — -- — --

see 3

see 3

Trending
results of
reportable
events .

Wo experience
yet.

n/a

No but
extrapolate
trends

No

7

Yes

Under deve-
lopment

Some work in
hand

8
Advantage

Management goals
comparative
evaluations
improve perform-
ance

No comment

8
Disadvantage

Personnel stress

No comment

_._— |\|0 specific answer — -- —

Yes will adopt - good tool
INPO/UWIPEDE - should use
- details of trending

present rather than
list given absolute

values

- Comparisons
dangerous

by extra-
polation of
"target goal'
results

n/a

No but have
started project
to measure
actual safety
level

n/a

May fol low
from work
mentioned in
6

n/a

Early warning
(but other
means may
detect sooner)

No comment

. Can influence
reporting

No comment



TABLE 4. (cont.)

COUNTRY

UK

USSR

YUGOSL AVIA

ORGANIZATION

CEGB

State
Committee for
Supervision
of Nuclear
Power Safety

Krsko WPP

1

Yes

Yes

Yes

2

Yes

Yes lists
provided

Yes

3

Yes

4

Set of
detailed key
performance
ind icators

Y e s < _ - - - -

Yes, similar
to INPO.
List given

Wo

5

Operational
reliability
is used to
predict
future
electrical
output

Yes using
similar data
to that
employed in
1, 2.
using
trends

Wo

6

Essential System
Status Monitor
is operational
at Heysham 2
possibility of
calculating a
risk indicator
based on current
plant status

PSfi planned

Wo

7

Is developing
indicators on
safety systems
unavai labi 1 i ty
and adequacy
of sur-
vei 1 lance

'Expert"
system is
aeing
developed .
- Discussion

paper
provided

Yes (sep
answer)

8
Advantage

- trending
- comparisons
- width targets

at similar
plants

- optimization
the direction
of resources

Objective
evaluation

Additional
tool

8
?isadvantoige

Danger of monitor-
ing indicators
instead of
monitoring
operational safety

. Difficulties in
determining risk
criteria &
values

. Difficulty in
obtaining
sufficient
objective
reliability data

. Problem of
evaluating rela-
tive safety
contribution of
each indicator.

. Indicators are
just that
- real detailed
attention before
corrective
action taken.
Beware of
comparisons.



3.3 Purpose and Characteristics

The continuing discussions by the Technical Committee of the
conclusions reached at the 1988 meeting on the three aspects listed
earlier, enabled the Technical Committee to endorse the earlier views
expressed concerning the purpose, characteristics and cautions in relation
to performance indicators and their use in the following way:

3.3.1 Purpose of Performance Indicators

The primary purpose of performance indicators is to provide the best
available compilation of objective indications to assist management in the
assessment of

Operational Safety
Safety Attitude
Management Quality
Needs for Improvement

and to:
Facilitate identification and exchange of good practices, and
Encourage emulation of good performance.

3.3.2 Ideal Characteristics of Performance Indicators

The ideal characteristics of performance indicators are as follows:

(i) Close relationship to risk and/or safety,
(ii) Data readily available,

(iii) Quantitative (show range of performance),
(iv) Unambiguous,
(v) Unlikely to cause undesirable actions,

(vi) Significance should be understood (objective and fair),
(vii) Industry wide applicability,

(viii) Not susceptible to manipulation,
(ix) Physical results,
(x) Independent indicators essential,

(xi) Manageable set,
(xii) Worthy goal.

40



3.3.3 Cautions and Limitations for Use of Performance Indicators

A set of performance indicators provides an additional view of
operational performance and enhances the ability to recognize areas where
safety performance of operating plants could be improved. However, it is
only an aid and is to be used in conjunction with other methods for
providing overall input to management strategy and decisions.

It should be recognized that performance indicators have limitations
and are subject to misinterpretation. Therefore, caution is warranted in
their interpretation and use.

To avoid possible adverse effects, the following cautions and
limitations are provided:

(i) Performance indicators are intended as a tool for management to
monitor trends in overall performance for a given plant. The
performance indicators for a given plant should be viewed as an
unweighted set. When viewed as a set, the performance indicators
provide one of several measures of plant operational performance.

(ii) It is inadvisable to take regulatory action on the basis of
performance indicator programme results alone.

(iii) Performance indicators should not be used for ranking overall
performance of nuclear power plants or presented in such a way as to
imply problem facility status for individual plants.

(iv) Users should bear in mind when evaluating performance indicator
results that the indicators are assessment tools that aid in the
identification of unanticipated performance, and that the underlying
causes should be carefully assessed, evaluated, and understood
(factoring in other available information).

(v) It should be recognized that performance indicator values may be
affected by national policies and practices, and international
comparisons should be made with caution and that in conducting plant
reviews it is often necessary to rely on additional plant data
beyond performance indicators.
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(vi) Performance indicators should not be used in a manner that could
encourage plant operating personnel to take undesirable actions
regarding plant safety or reliability in order to improve
performance indicator values or to achieve performance goals.

3.4 Adequacy of the proposed performance indicators

In agreement with the 1988 Workshop, committee members were
concerned that while the existing Overall set of performance indicators,
partly and indirectly, may cover many of the activities associated with
operational safety, the relationship between indicators and operational
safety was not clear and needed further defining. In addition, it was not
possible to demonstrate the feasibility of more direct or detailed
indicators relating to the effectiveness of plant activities at this time
since there is as yet insufficient practical experience in the utilization
of such indicators. However, the committee endorsed the view that specific
indicators for measuring the effectiveness of the plant activities could
prove to be very beneficial. Whilst the 1988 Workshop recommended that the
IAEA should promote and coordinate the activities of INFO, UNIPEDE, the US
NRC and others for the development of such indicators there was
insufficient evidence to recommend a move forward toward specific detailed
indicators. Comments of the Technical Committee are provided below.

Surveillance and Maintenance. There are at least three potential
methods to derive indicators in this area:

a) Preparing a list of candidate indicators, collecting plant
specific data from a number of plants and validating the
indicators. This method requires a massive amount of data
for validation purposes and is currently being used by the
NRC. During Committee discussions on this point, it was not
considered possible to recommend detailed performance
indicators in this area despite the information available.

b) Deriving indicators by the use of a logic model.
Maintenance and surveillance are appropriately considered in
the PSA models because of their effect on system
unavailability, and therefore, on safety. This was covered
by Working Group 2.
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c) Obtaining and analyzing information from plants that are
using a Reliability Centered Maintenance Programme, about
the improvements made in the area of maintenance and
surveillance as a result of such a programme. This was not
discussed further in view of a) above.

To assist in understanding the relationship between operational
safety and selected performance indicators a diagram was prepared for the
chairman by the secretariat, based on the information presented at the
meeting. This is shown as Fig. 1. While not a unique interpretation, it
was in the absence of a more positive approach, presented to but not
reviewed by the committee as a possible starting point for subsequent
reviews. By superimposing the results (summarized in Table 5) so far
obtained from an analysis of plant outages etc (via root cause analysis)
the possible contributors may be identified albeit within broad bands as
shown in Fig. 2. The results of this procedure point towards the need for
further performance indicators covering the areas of plant operator
effectiveness, plant maintenance effectiveness and plant modification
procedures/design effectiveness. Subsequent to the meeting the operator
organizations have cautioned against the development of such an
interpretation of indicators for operator effectiveness since it ignores
the introduction of negative safety consequences which needs further
consideration.

CONTRIBUTORS TO SAFETY
GLOBAL PERFORMANCE

INDICATORS
COMMERCIAL AND

OPERATIONAL
EFFECTIVENESS

PLANT
MANAGEMENT

EFFECTIVENESS

PLANT
RELIABILITY AND

SYSTEM AVAILABILITY

_L
PLANT

OPERATORS
EFFECTIVENESS

PLANT
MAINTENANCE

AND REPAIR
EFFECTIVENESS

PLANT
SURVEILLANCE

AND MONITORINGROOT
CAUSES

ANALYSIS
PLANT
DESIGN

EFFECTIVENESS

PLANT
MODIFICATION
PROCEDURE

FIG. 1. Relationship between operational safety and performance indicators (Pis).
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SURVELLANCE

AND MONITORING!ROOT
CAUSES
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PLANT
DESIGN

EFFECTIVENESS

PLANT
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PROCEDURE

FIG. 2. Comparison of Pis with plant outage analysis.

TABLE 5. SUMMARY OF INFORMATION PRESENTED ON CAUSES OF FAILURES

USA Root Cause Analysis

25% Global Performance Indicators
40% Maintenance
19% Plant Operators/Operations
16% Design

Covered by

Global PI
7
•

Belgium Results

14 events out of 24 N 56%
7 events out of 24 N 30%
3 events out of 24 N 14%

Maintenance
Human error
Comp & Human Error

Global PI

Sweden (Results of LER Analysis)
1985-1988

Hardware 40%
Admin/Hardware 35%
Design and Operational Deficiencies 25

1988
58
20
22
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3.5 Other areas where indicators are needed

Other areas considered during the 1988 Workshop which fell short then
of the characteristics necessary for useful performance indicators are
related to training for accident management and safety limits. The
conclusions reached which were also discussed by the committee may be
summarized as follows:

a) Training of Personnel and Preparedness for Accident Management;
Methods 1 (a) and 1 (b), of 3.2.(part I) could be used in three
areas. The idea of measuring the effectiveness of preparedness
for accident management was considered excellent by the
committee, but it is not covered in the set of indicators
currently available. At this time it seems rather difficult to
assign meaningful numerical values in this area.

b) Operation within Safety Limits: The operation within the safety
limits must be the normal situation at a plant. Performance
indicators aim towards more than just meeting limits, that is,
striving for excellence. Therefore, this area may not be
suitable for exploring indicators.

As a result of those considerations the development of indicators in
the area of surveillance and maintenance effectiveness may be considered to
have the highest potential for priority work. It is recognized by the
Committee, however, that it may be beneficial first to try to validate the
Overall set of indicators for which data is available and is collected.

4. INDICATORS FOR THE ON-LINE ASSESSMENT OF SAFETY PERFORMANCE

Two papers presented information on the development of techniques for
the on-line assessment of the level of safety of the plant. In the first
case use would be made of off-line PSA/PRA capabilities for analyzing the
safety of the plant and to provide a prediction of the contribution to the
overall risk of various plant failures. The end point of the overall risk
assessment e.g. core melt, doses to the public etc, would be a matter of
choice for the operator or user. Such techniques are considered to be
sufficiently advanced to be capable of providing useful results in the
short term for risk management. The results would, however, still be
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subject to all the generally accepted limitation associated with PSA/PRA
analysis techniques and themselves were not seen to constitute a
performance indicator.

In addition Working Group 2 also considered an IAEA consultants paper
"Development of Risk-based Safety Indicators: System Unavailability
Indicators" this Report of the Consultants meeting held in Vienna
3-7 July, 1989 is dealing with a review of the development of Risk-based
Safety Indicators/ although time did not allow a proper in depth review of
its contents.

In the second case, the development of on-line systems follows the
development of the methodology for off-line predictors for use in risk
management. This type of development was seen as being associated with
far-future development. The proposals for consideration would include the
expert systems being developed in the USSR to avoid severe accidents and
providing centralized supervision of nuclear power plants operators; the
dynamic (or living) PSA development would by making use of the progress
being made in the development of faster computers would offer the unique
opportunity for rapid predictions of the effects of plant outages or other
reliability based changes on the overall risk arising from the plant.

However, both these developments need to be soundly based on a number
of key monitoring variables. The exact description of these variables is
uncertain at this time and following discussion by Working Group 2 the main
problem areas requiring further attention were considered to be in this
particular area rather than in hardware development. The main problem
areas are:-

a) the identification of suitable risk monitoring variables
b) the selection process for those that enhance safety via PSA or

trending analysis
c) validation of risk monitors
d) use of risk envelope to display margins to safety.

It is accepted that these variables in association with PSA
techniques could serve either as a 'prevention' tool or as any early
warning system for deterioration of safety standards.
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5. WORKING GROUP REPORTS

The Technical Committee considered the two reports from the working
groups which are reproduced in Sections 5.2 and 5.3. The findings were
generally endorsed although time did not allow for a full discussion of the
issues raised in the Group 2 report; where points of substance were raised
concerning the interpretation of the findings in the two reports these are
noted at the end of each section.

5.1 Report from Working Group 1

5.1.1 Acceptability of INPO/UNIPEDE Lists

The working group reaffirms support for operating organizations to
use the following Overall Set of ten performance indicators (referred to as
the Overall Set in this text) already developed by INPO and UNIPEDE and
adopted by WANO and already referred to in paragraph 3.3.

WANO International Performance Indicators (Overall Set)

1. Unit Capability Factor
2. Unplanned Capability Loss Factor
3. Unplanned Automatic Scrams per 7000 Hours critical
4. Safety system performance
5. Thermal Performance
6. Fuel Reliability
7. Collective Radiation Exposure
8. Volume of Low-level Solid Radioactive Waste
9. Chemistry Index
10. Lost-time Accident Rate

The working group also reaffirms the purpose of performance
indicators to assist management in the assessment of:

operational safety
safety attitude

- management quality
- needs for improvement

and to:
- facilitate identification and exchange of good practices and

encourage emulation of good performance.
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In addition the working group recognized that the consideration
of reliability and safety are closely related. Because of this close
relationship it recommended that both the terms safety and reliability be
used rather than only safety when referring to performance indicators.

5.1.2 Field of Application

The Overall Set of performance indicators is intended principally
for use by nuclear operating organizations to monitor performance and
progress, to gain additional perspective on performance relative to that of
other plants, and to provide an indication of the possible need to adjust
priorities and resources to achieve improved overall performance. Overall
Performance Indicators are those that can be reasonably compared between
plants.

Detailed Performance Indicators are those that fall outside of
the overall performance indicators (e.g. plant specific, process and
functional areas)

The working group does not consider the terms "predictive" and
"retrospective" relevant concepts in the development of performance
indicators. Attempts to classify the overall indicators adopted by WANO
and detailed indicators under discussion by this working group has shown
that each has both predictive and retrospective aspects.

The current Overall Set of performance indicators pertains only
to commercial power reactors. Extensions of these indicators to research
and test reactors is outside the scope of current efforts.

5.1.3 Identify additional Performance Indicators and Combinations

The working group has no detailed indicators to add to the Overall
Set at this time but agreed that where root cause or trend analysis shows a
need, work should proceed on the development of detailed indicators. In
that respect, the communication and dissemination of the results of Member
States' development of detailed indicators should be encouraged.

There is a need for stability in the implementation of the current
"Overall Set" to:

1) facilitate trending of industry performance;
2) minimize resource requirements.
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International implementation of overall performance indicators as an
addition to the Overall set needs a broad consensus for adoption.
Communication between industry and the regulators would assist in obtaining
such a consensus.

In general/ mathematical combination of values or of weighted values
of indicators could be misleading and should be avoided.

5.1.4 Comment on Experience to Date

Feedback from current use has, overall, been considered to be
beneficial. However it is recognized this is only the commencement and
much work remains to be done to develop detailed indicators and gather data
to support their consideration for widespread adoption.

Experience to date has shown instances of inappropriate use of
performance indicators that encourage plant operating personnel to
take undesirable actions regarding plant safety or reliability.

Therefore:

1) Users of performance indicators should have a policy to minimize
undesirable impact.

2) Any entity publishing indicator data should provide an expression of
the limitations of the data and a policy for its use.

5.1.5 General comments

The issues raised in sections 5.1.1 and 5.1.2 of the Working Group 1
report were debated by the Committee. On 5.1.1 a majority understanding
was reached, although not accepted by all delegates, that in relation to
the performance indicators the term safety embraced reliability issues;
this was considered to be the best compromise that could be reached
recognizing that both safety and reliability issues are covered by
performance indicators.

On issue 5.1.2 some delegates were concerned that the report failed
to identify the usefulness of individual indicators of the Overall Set; it
was agreed that the Overall Set of Pi's needed to be considered as a whole
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in any examination of their role as indicators of operational safety until
such time as more information became available (principally from the WANO
programme) to show otherwise.

The Committee members were divided on the need to develop some
indicators, overall or detailed, and some delegates opposed proposals to
convene specialist groups to promote additional indicators.

Following discussion the Committee endorsed the Group 1 views
including those in 5.1.3 that the development of detailed indicators should
proceed when a need was shown.

5.2 Report from Working Group 2

5.2.1 Introduction

Performance indicators have a particular meaning following
international discussion and rather than use the terminology of "safety
indicator" the text will use the expression "Risk Monitor".

Risk Monitors could be developed as a quantitative predictor but
considerable work is necessary before recommendations for use as a
"prevention tool" is possible. Such indicators might be developed either
from trend analysis or by a PSA approach but they are plant specific as
plant differ in design, environment and operation methods. Incident
investigations often show that indicators for deteriorating safety were
available in data collected (or data which could be collected) but this
information was not readily available in a form to indicate specific trends.

5.2.2 Present Position

Safety of a Plant depends basically on the design, personnel
qualification and adequate procedures for operation, maintenance and
testing.

Safety assessment if possible should be directed to detect early
signals of safety deterioration to avoid incidents and potentially
unacceptable situations.
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Performance indicators are useful in providing a quantitative
measurement tool for safety assessment.

The main purpose of nuclear safety is to prevent a potentially
deteriorating situation from arising. That means "it is not enough to know
which is the actual" safety level but to know the causes of the declining
safety and to provide corrective action. It is necessary to know which are
the systems, components, personal or environmental causes that can reduce
safety to plan corrective actions.

A methodology is already available for management to judge the safety
of plant. A Safety Report will analyze the plant either by deterministic
or PSA methods. An operational safety report would then be updated at
intervals of say 5 years. This report will include rules for the
unavailability of safety systems. The operator is required to test (at
regular intervals) the safety systems and will follow a procedure that:

* Records the test
* Finds the cause of any failure
* Replaces or repairs them
* Retests component

The role of risk monitors could be:

* To collect data graphically on unavailability of safety systems
with time

* To highlight trends
* To review the type of data and form of data collected.

An example discussed covered a type of pump which met rules of
testing at an individual station but across a number of plants of the same
type could show a trend towards the warning level. Another example on a
plant specific basis revealed a common cause failure of a type of gasket
used on a pump. Whilst not revealed now by a risk monitoring system trend
analysis may have revealed the problem earlier.

The group considered that risk monitors maybe useful for comparison
for plants of the same type but only if their systems were similar and the
operating and maintenance practices followed a common policy. The best
value would come from individual station analysis.
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5.2.3 PSA Applications

It may be possible to identify important safety systems without PSA
for example:

- emergency auxiliary feed system
- emergency electrical system
- safety injection system

residual heat removal system
- containment spray and ventilation
- containment hydrogen recombiners

containment isolation
- instrument air system

containment annulus vacuum systems

This leads to the question - Why use PSA for selection rather than just
develop indicators for these systems?, which is considered below.

The value of PSA would be

- logical analysis to identify important systems and in particular
any which are not categorized already as safety related

- Liaison between operator and analyst at early stage to undertand
plant

- Ability to consider "combinations of indicators" because a
powerful PSA model will structure output for different input
variables

- Possible (in the future) to see the effect of equipment
unavailability by interacting with the model fo the PSA

- To help prioritize tasks according to risk ranking.

The purpose of PSA is to develop plant specific data and it is
therefore more difficult to suggest international risk monitors for plant
to plant comparison.

A complete plant specific databank with all unavailability times
related with plant operational status would need to be developed first for
all equipment and second for each safety system (in accordance with the
event and fault tree modelling).
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The importance of plant operating condition is very important for
example for PWRs, emergency feedwater is needed in Hot Shutdown conditions,
not only at critical conditions. RHR, is also needed during cooling down
and several incidents resulted on the loss of this system and consequent
boiling of the primary water.

This databank by equipment could serve several purposes:

providing material for trend analysis
reviewing the preventive maintenance program

* reviewing predictive maintenance program

The databank by system would serve for PSA analysis and might
possibly allow sufficient analysis to discuss possible revision to
Technical Specifications, LCD's and Surveillance Test Frequency. It would
be a long term project before such analysis could be validated.

There are common principles for constructing risk monitors and each
PSA would reveal those contributors to consider.

A recommendation would be to support guidelines for the preparation
of plant specific risk monitors.

Conclusion in relation to PSA are that:

* PSA can identify important systems and/or components
* PSA can provide a more sophisticated target for test frequency once

plant specific data is gathered to replace generic data.
* PSA can eventually provide a common high level target for public risk

or core failure.

5.2.4 Expert Systems

Very few examples were given at the meeting of nuclear power plant
employing such system except on a limited basis in a non-safety related
area. Future development might allow a dynamic PSA to be developed
assuming sufficient computing capacity was available to deal with the
Boolean algebra. Each time new reliability data is fed into the PSA model
fresh analysis is necessary otherwise the truncation of "cut-set" would not
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give reliable outputs. The use of PSA particularly with prescriptive rules
(expert system) is subject to the many assumptions and uncertainties
associated with the technique.

5.2.5 Demonstration of the IAEA Development of PSA Packages

A demonstration was given to Working Group 2 showing the development
now in hand to produce user-friendly PSA packages.

PRISIM. This allowed a plant specific model to be constructed and
displayed with many options. One option allowed management to see the
effect of scheduling "multi maintenance" so that the highest ranking risk
contributor took priority.

PSA-PAC. A future version of the PSA package would allow dynamic
modelling of the plant ("subject to all assumptions"). Changes in
reliability data would then indicate risk ranking changes of the component
in questions and labelling attributes on components would allow common
items to be analyzed for combination of outages.

For example:

a) equipment in same room (fire say)
b) equipment on same maintenance (CCF)

The working group felt the demonstrations provided a useful
contribution in the technical committee exchange of potential safety
techniques.

5.2.6 On-line Systems

No clear definition was available for on-line and expert systems but
the group discussed problems in the use of computer-based systems. In some
future development parts of a plant model could be placed on-line provided
clear decisions are included in the rules for dealing with the
information. Validation was a problem that leads to non-acceptance by
operational staff unless the system produces useful results. Considerable
research and development is therefore necessary. Mention was made of the
experience in the USSR for centralized supervision of nuclear power plant
probably using an expert system to prevent severe accidents. This would
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use modelling and computer on-line system to examine "precursors" to severe
accidents. Output data would be available from the analysis both locally
at the plant and centrally at the State Committee. This system is now
under development.

5.2.7 Goals and Purpose

The group endorsed the view of the consultants meeting held in July
which proposed that the basic purpose of Risk Indicators is to help in
identifying the early signals of deteriorating plant performance and to
trace relative changes in the safety margin on specific plants. This early
signal would allow research to be applied to relevant areas to allow
resources to be preventive action.

The working group discussed the background to the potential use of
"on-line" systems and whilst noting that considerable development effort is
needed the following may be researched;-

a) Risk Envelope; It may be possible with PSA to produce a simple
model which envelopes the risk of the plant (or the risk of core
melt). Risk monitors if developed for important systems or
components could feed into the model allowing some indication of
how the margins to safety within the risk envelope were changing
(positively or negatively).

b) Margins to Acceptable Risk; Plant management may benefit from
on-line feedback of any read out of margins to acceptable risk
but this would need to be developed and validated by research to
avoid alienating the operating staff by an unsatisfactory set of
indicators. There is a feeling that control room staff are not
so familiar with mathematical concepts of risk and would feel
more comfortable working with the "Technical Specifications".

c) Complexity; The risk monitor tool may be too complex to be used
by a shift supervisor (he would need somebody to prepare the
indicators for him). However, at some future date providing the
system is made user-friendly he would probably incorporate the
information as a supplement to judging safety.
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d) Use; As a tool it should generally supplement the Technical
Specification or equivalent for the plant, but it will not
displace existing methods for monitoring safety. A risk based
indicator would provide an additional tool for operators as well
as maintenance staff to prioritize tasks when scheduling work.
Caveats in relation to the use of such a tool in plant
operations were identified by the Group and are given in
Appendix 4.

5.2.8 Potential Areas for Risk Indicators

One way of increasing safety would be to determine the weak points
including:

a) administrative (procedures)
b) maintenance
c) systems/components
d) plant management and operators.

Weak areas could well be a combination of several issues
(prioritizing research, allocating finance and resources in the most
appropriate way). The area which requires greater attention
(quantitatively) was considered to be personal performance (item d).

5.2.9 Experience of Development and Utilization

(i) High level risk monitoring is now being developed in many countries
including for example the USA and West Germany but these PSAs will
not be available for some years and will incur considerable
diversion of resources.

(ii) It may be possible to use PSA tools to select the weaker areas for
trend analysis either at the system or component level but this is
still at a research and development stage.

(iii) Papers presented during the technical meeting highlight some
research examples of live PSA proposals.

(iv) Software packages are being developed in Member States and at the
IAEA to assist modelling with PSAs.
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5.2.10 Future Development

Near Future

(i) Research to continue to validate trend analysis in component
unavailability and to determine whether a chosen indicator has any
merit as a monitor of risk.

(ii) PSA to be developed so that it becomes more widely accepted as a
tool to identify weak areas and to select potential risk monitors

Far Future

(i) Expert systems will be used to provide early indicators of
precursors to severe accidents.

(ii) Dymanic (live PSA) will be developed using faster computers allowing
easier reworking of boolean algebra and so indicate the effects of
component or system outages or reliability data changes.

(iii) Measurements will be developed for personal performance together
with validated risk monitoring and integration into PSA models.

(iv) A PSA risk envelope will be more easily displayed as a live
management tool and the regular update of plant specific data would
allow observation of changing margins to safety.

5.3 General comment

The Committee discussed the role of risk-based indicators or risk
monitors, as put forward by Working Group 2. These were proposed as 'early
warning' indicators and there were widely differing views on how this topic
should be dealt with, some members seeing it as being completely separate
from the issue of performance indicators, with which, it was agreed, they
should not be confused. Advantages in the use of risk monitors were only
foreseen if and when a complete PSA/PRA for a plant was available. There
was general agreement that this would allow an operating envelope to be
identified for a plant and when coupled with an off-line living PSA this
would allow certain parameters to be followed as risk monitors and allow
margins to this operating envelope to be followed. However, there were
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major differences of view about who should use this tool. These came down
to whether it should be developed as a management tool or for operator
access in general and further consideration needs to be given to this
point. Whichever point prevails it was seen as a tool to supplement
existing surveillance methods and not to replace them.

Currently off-line PSA/PRA systems (living PSA) are an early stage
of development in Germany. Member States will have complete PSA/PRAs
available in 2 or 3 years time. On-line or expert systems under
development in the USSR were seen as a follow-up to living PSA systems.

As a result, the Committee considered that there is a need in the
short-term for guidance on how best to develop risk monitors for early
warning indicators, how they fit into existing framework of operational
safety, how they should be validated, at what level(s) of detail should
they be used and who should they be aimed at i.e.g at operators or
managers? In addition, a better understanding of the way that PSA/PRA
models and packages, either already available or likely to be available,
will provide, or contribute to, early warning indicators. Many utilities
are already preparing PSA/PRAs for their plants and it was agreed that the
IAEA would be an appropriate focus for collating these activities and the
majority of those present were prepared to participate in further work in
this area. This development was seen as a big step forward and there was a
need for further clarification of the associated objectives, timescales and
milestones.
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6. RECOMMENDATIONS

6.L Use of existing performance indicators

a) The encouragement of the use of the overall set of indicators
adopted by WANO should be continued.

b) The adoption of the terminology for both the Overall Set and
Detailed Indicators identified in section 5.1.1 should be encouraged,

c) The stability in the application of indicators should be maintained.

d) The communication between industry and regulators to promote a
consensus for adoption of future indicators should be established.

6.2 Monitoring of plant operational safety and further development of
relevant indicators

a) Expert groups may be convened to discuss topics such as human
factors and maintenance that would include fostering the development
of detailed indicators.

b) The information on PSA applications suitable for risk monitoring
should be made available.

c) The validation exercise of risk monitors at interested NPPs should
be organized.

d) Encourage nuclear power plant management to review the current list
of performance indicators to consider any additional plant specific
risk indicators that might provide an early warning of deteriorating
standards.

e) Give publicity so that risk monitors are only used on a plant
specific basis and not for inter-plant comparison. They should not
be used in isolation but as part of a balanced framework for safety
inspection and review.
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f) Promote the concept that early warning from risk monitors should
initiate further investigation into the root causes of the symptoms
to ensure the preventative action is effectively directed.

g) Encourage the use of probabilistic methods for operational safety
monitoring. On a longer timescale, continue research into dynamic
PSA and initiate validation exercises at interested nuclear power
plants.
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Appendix 1
LIST OF PRESENTATIONS

The following presentations are available upon request to the International
Atomic Energy Agency, Division of Nuclear Safety, Safety Assessment
Section, Wagramerstrasse 5, P.O. Box 100, A-1400 Vienna, Austria.

International NPP Performance Indicators
R. Wyrick (WANO)

Use of Performance Indicators at EdF and International Harmonization
D. Glorian (France)

Safety Performance Indicators in Belgium - Experience Resulting from the
Application of a Trial Set

A.B. Vandewalle (Belgium)

Use of Safety Indicators within the Swedish State Power Board
H. Erikson (Sweden)

Status Report of Safety Analysis and Information System of NPPs
H.P. Balfanz (F.R. Germany)

Initial Points in the Development of an Expert System for the Prevention of
Severe Accident

A.A. Bystrikov (USSR)

Use of Performance Indicators in South Africa
R. Hagger (South Africa)

Use of Numerical Indicators in the Annual Safety Reporting of UKAEA
Research Reactors at the Harwell Laboratory, Oxford

H.E. Campbell (UK)

A Summary of Responses by Member Organizations to an IAEA Questionnaire on
"Experience of Development and Use of Numerical Indicators to Manage
Nuclear Power Plant Performance"
M. Taylor (Canada)

Operational Safety Indicators Programme in Nuclear Safety Council
A. Gea Malpin (Spain)

US Experience in the Use of Performance Indicators in Support of Regulatory
Programs

E.L. Jordan (USA)

Development of Angra-1 Risk Based Performance Indicator Programme
H. Werdine Junior (Brazil)

Argentinian Experience in Use of Risk-based Indicators
R. Touzet (Argentina)

How to get started with Pi's in the Borssele NPP in the Netherlands
G.L. Wiamen (Netherlands)
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The approach of Nuclear Power Corporation (India) Ltd, (NPCIL) to the use
of Numerical Indicators for the Performance of its Stations
B.K.S. Nair (India)

Status of the Development of Performance Indicator for the Finnish NPPs
E. Lehtinen (Finland)

IAEA Programme on Safety Performance Indicators; System Unavailability
Indicators
B. Tomic (IAEA)

62



Appendix 2

TOPICS FOR GROUP DISCUSSIONS

Meeting Chairman: Mr. J. Rixon

TASK FOR GROUP 1 Chairman: Mr. Jordan

SAFETY INDICATORS based on Existing Performance Indicators

1) Confirm acceptability of INPO/UNIPEDE list or
2) Define field of application
3) Identify additional safety indicators and combination

i.e. - maintenance
corrective actions
combinations of indicators

4) Comment on: experience to date
: management practices
: future developments

5) Recommendations

TASK FOR GROUP 2 Chairman: Mr. Campbell

SAFETY INDICATORS - to be used as 'prevention' tools

1) Currently - Judgement
2) Future (a) PSA/PRA

(b) " On-line systems
(c) Expert systems

3) Identify goals/purpose
4) Experience of development and utilization
5) Future developments
6) Recommendations
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Appendix 3
COMPOSITION OF WORKING GROUPS

Working Group I:

Chairman: Mr. E. Jordan (Regulation)

Members: Mr. A. Vandewalle, Belgium (Regulation)
Mr. P. Dozinel, Belgium
Mr. M. Taylor, Canada (Regulation)
Mr. D. Glorian, France (Edf - Operations)
Mr. R. Wyrick, USA (WANO)
Mr. A. Gea, Spain (Regulation)
Mr. A. Hall, South Africa (Regulation)

Working Group II;

Chairman: Mr. H. Campbell (UKAEA)

Members: Mr. R. Touzet/ Argentina (Regulation)
Werdine Jr., Brazil (Operation)
Lehtinen, Finland (R & D)
Nair, India (Operation)
Tomic, IAEA

Mr
Mr
Mr
Mr
Mr
Mr. A. Bystrikov, USSR (Regulation)
Mr. H. Erikson, Sweden (Operation)

H.
E.
B.
B.
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Appendix 4
CAVEATS IN RELATION TO THE USE OF ON-LINE SYSTEMS BASED ON PSA

The reluctance of operators (and/or managers) to accept more
computers in the control room so that care is needed before their
introduction.

Indicators should not be used or interpreted in isolation, but in
association with other safety indications.

Where such a tool is to be used by operators and maintenance
departments decision-making has to be distinctive and clear.

Validation of the tool must be thoroughly researched.

Clear objectives must be stated (USSR presentation) for its
introduction example: - - to prevent the core melt.

Safety indicators based on an on-line system would be a valuable
tool only if used to close the feedback loop so that control room
and maintenance staff who input data also receive useful
information in return.
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Appendix 5

LIST OF PARTICIPANTS

H.P. Balfanz
TUV - Technischer Ueberwachungsverein
Hambu rg, Ge rroany

A. A. Bystrikov
Gosatomenergonadzor
Moscow, USSR

H.E. Campbell
UKAEA/SRD
Wigshaw Lane
Culcheth, Warrington WA3 4NE
UK

P.A. Dozinel
S.A. Electronucleaire
Boulevard de Waterloo 34
1000 Brussels
Belgium

H. Erikson
Swedish State Power Board
S-16287 Vällingby
Sweden

A. Gea
Deputy for Reactor Operations
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The approach of Nuclear Power Corporation (India) Ltd, (NPCIL) to the use
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Appendix 2

TOPICS FOR GROUP DISCUSSIONS

Meeting Chairman: Mr. J. Rixon

TASK FOR GROUP 1 Chairman: Mr. Jordan

SAFETY INDICATORS based on Existing Performance Indicators

1) Confirm acceptability of INPO/UNIPEDE list or
2) Define field of application
3) Identify additional safety indicators and combination

i.e. - maintenance
corrective actions
combinations of indicators

4) Comment on: experience to date
: management practices
: future developments

5) Recommendations

TASK FOR GROUP 2 Chairman: Mr. Campbell

SAFETY INDICATORS - to be used as 'prevention' tools

1) Currently - Judgement
2) Future (a) PSA/PRA

(b) " On-line systems
(c) Expert systems

3) Identify goals/purpose
4) Experience of development and utilization
5) Future developments
6) Recommendations
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Appendix 3
COMPOSITION OF WORKING GROUPS

Working Group I:

Chairman: Mr. E. Jordan (Regulation)

Members: Mr. A. Vandewalle, Belgium (Regulation)
Mr. P. Dozinel, Belgium
Mr. M. Taylor, Canada (Regulation)
Mr. D. Glorian, France (Edf - Operations)
Mr. R. Wyrick, USA (WANO)
Mr. A. Gea, Spain (Regulation)
Mr. A. Hall, South Africa (Regulation)

Working Group II;

Chairman: Mr. H. Campbell (UKAEA)

Members: Mr. R. Touzet/ Argentina (Regulation)
Werdine Jr., Brazil (Operation)
Lehtinen, Finland (R & D)
Nair, India (Operation)
Tomic, IAEA

Mr
Mr
Mr
Mr
Mr
Mr. A. Bystrikov, USSR (Regulation)
Mr. H. Erikson, Sweden (Operation)

H.
E.
B.
B.
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Appendix 4
CAVEATS IN RELATION TO THE USE OF ON-LINE SYSTEMS BASED ON PSA

The reluctance of operators (and/or managers) to accept more
computers in the control room so that care is needed before their
introduction.

Indicators should not be used or interpreted in isolation, but in
association with other safety indications.

Where such a tool is to be used by operators and maintenance
departments decision-making has to be distinctive and clear.

Validation of the tool must be thoroughly researched.

Clear objectives must be stated (USSR presentation) for its
introduction example: - - to prevent the core melt.

Safety indicators based on an on-line system would be a valuable
tool only if used to close the feedback loop so that control room
and maintenance staff who input data also receive useful
information in return.
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