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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

Pursuant to Article 1 of the Convention signed in Paris on 14th December 1960, and which came into force on 30th
September 1961, the Organisation for Economic Co-operation and Development (OECD) shall promote policies designed:

− to achieve the highest sustainable economic growth and employment and a rising standard of living in Member
countries, while maintaining financial stability, and thus to contribute to the development of the world
economy;

− to contribute to sound economic expansion in Member as well as non-member countries in the process of
economic development; and

− to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in accordance with
international obligations.

The original Member countries of the OECD are Austria, Belgium, Canada, Denmark, France, Germany, Greece,
Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United
Kingdom and the United States. The following countries became Members subsequently through accession at the dates
indicated hereafter: Japan (28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New Zealand (29th May
1973), Mexico (18th May 1994), the Czech Republic (21st December 1995), Hungary (7th May 1996), Poland (22nd November
1996), Korea (12th December 1996) and the Slovak Republic (14 December 2000). The Commission of the European
Communities takes part in the work of the OECD (Article 13 of the OECD Convention).

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of the OEEC
European Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first
non-European full Member. NEA membership today consists of 28 OECD Member countries: Australia, Austria, Belgium,
Canada, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg,
Mexico, the Netherlands, Norway, Portugal, Republic of Korea, Slovak Republic, Spain, Sweden, Switzerland, Turkey, the
United Kingdom and the United States. The Commission of the European Communities also takes part in the work of the
Agency.

The mission of the NEA is:

− to assist its Member countries in maintaining and further developing, through international co-operation, the
scientific, technological and legal bases required for a safe, environmentally friendly and economical use of
nuclear energy for peaceful purposes, as well as

− to provide authoritative assessments and to forge common understandings on key issues, as input to government
decisions on nuclear energy policy and to broader OECD policy analyses in areas such as energy and
sustainable development.

Specific areas of competence of the NEA include safety and regulation of nuclear activities, radioactive waste
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law
and liability, and public information. The NEA Data Bank provides nuclear data and computer program services for
participating countries.

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

© OECD 2003
Permission to reproduce a portion of this work for non-commercial purposes or classroom use should be obtained through the Centre français
d’exploitation du droit de copie (CCF), 20, rue des Grands-Augustins, 75006 Paris, France, Tel. (33-1) 44 07 47 70, Fax (33-1) 46 34 67 19, for
every country except the United States. In the United States permission should be obtained through the Copyright Clearance Center, Customer
Service, (508)750-8400, 222 Rosewood Drive, Danvers, MA 01923, USA, or CCC Online: http://www.copyright.com/. All other applications
for permission to reproduce or translate all or part of this book should be made to OECD Publications, 2, rue André-Pascal, 75775 Paris Cedex
16, France.
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 COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS
 

The Committee on the Safety of Nuclear Installations (CSNI) of the OECD Nuclear Energy
Agency (NEA) is an international committee made up of senior scientists and engineers. It was set up in
1973 to develop, and co-ordinate the activities of the Nuclear Energy Agency concerning the technical
aspects of the design, construction and operation of nuclear installations insofar as they affect the safety
of such installations. The Committee’s purpose is to foster international co-operation in nuclear safety
among the OECD Member countries.

The CSNI constitutes a forum for the exchange of technical information and for collaboration
between organisations, which can contribute, from their respective backgrounds in research,
development, engineering or regulation, to these activities and to the definition of the programme of
work. It also reviews the state of knowledge on selected topics on nuclear safety technology and safety
assessment, including operating experience. It initiates and conducts programmes identified by these
reviews and assessments in order to overcome discrepancies, develop improvements and reach
international consensus on technical issues of common interest. It promotes the co-ordination of work in
different Member countries including the establishment of co-operative research projects and assists in
the feedback of the results to participating organisations. Full use is also made of traditional methods of
co-operation, such as information exchanges, establishment of working groups, and organisation of
conferences and specialist meetings.

The greater part of the CSNI’s current programme is concerned with the technology of water
reactors. The principal areas covered are operating experience and the human factor, reactor coolant
system behaviour, various aspects of reactor component integrity, the phenomenology of radioactive
releases in reactor accidents and their confinement, containment performance, risk assessment, and
severe accidents. The Committee also studies the safety of the nuclear fuel cycle, conducts periodic
surveys of the reactor safety research programmes and operates an international mechanism for
exchanging reports on safety related nuclear power plant accidents.

In implementing its programme, the CSNI establishes co-operative mechanisms with NEA’s
Committee on Nuclear Regulatory Activities (CNRA), responsible for the activities of the Agency
concerning the regulation, licensing and inspection of nuclear installations with regard to safety. It also
co-operates with NEA’s Committee on Radiation Protection and Public Health and NEA’s Radioactive
Waste Management Committee on matters of common interest.

* * * * * * * * * * * *

The opinions expressed and the arguments employed in this document are the responsibility of
the authors and do not necessarily represent those of the OECD.

Requests for additional copies of this report should be addressed to:

Nuclear Safety Division
OECD Nuclear Energy Agency
Le Seine St-Germain
12 boulevard des Iles
92130 Issy-les-Moulineaux
France



NEA/CSNI/R(2003)11

4

TABLE OF CONTENTS

SUMMARY AND CONCLUSIONS ...................................................................................................... 5

PROGRAMME...................................................................................................................................... 11

PRESENTATIONS:

•  Session 1: Overview of OECD activities.................................................................................. 17

•  Session 2: Precursor analysis programs (I) ............................................................................... 27

•  Session 3: Event analysis by deterministic methods................................................................. 75

•  Session 4: Development of methodology, guidelines and models for probabilistic
precursor analysis.................................................................................................................... 121

•  Session 5: Precursor analysis programs (II)............................................................................ 167

•  Session 6: Precursor analysis programs (III) .......................................................................... 193

•  Session 7: Precursor analysis programs and applications of precursor analysis (I)................ 237

•  Session 8: Precursor analysis programs and applications of precursor analysis (II)............... 269

•  Session 9: Future prospects..................................................................................................... 317

PARTICIPANTS ................................................................................................................................. 323



NEA/CSNI/R(2003)11

5

SUMMARY and CONCLUSIONS
WORKSHOP ON

PRECURSOR ANALYSIS
28 – 30 March 2001

1.   BACKGROUND

In many countries new means are developed to get insights from operating experience. At the same time,
Probabilistic Safety Analysis (PSA) methods and uses have developed. Consequently, (probabilistic)
Precursor Analysis  has begun to be a regular activity in many countries, especially those with larger
nuclear programs.

Member countries have been reporting experience on event analysis over many years to the Working
Group of Operating Experience (WGOE). The Working Group on Risk Assessment (WGRISK) is, in
particular, interested in the probabilistic analysis of operational events. In the last few years, both
Working Groups had some common meetings to exchange information on this topic.

However, it is observed that there are differences in methodologies used in probabilistic Precursor
Analysis (PA). Also the way the results of such analysis are interpreted to give impact in operating
experience feedback vary. It is important to understand the nature of differences and their impact in
order to carry out a proper and comparable identification of safety significant events.

Given this situation of a worldwide effort to develop and carry out Precursor Analysis, the OECD
decided to organize a Workshop where all parties involved can present and discuss their program and
experience in this field. Specialists in operating experience collection & analysis and risk assessment
were invited to participate in a meeting held in Belgium. The aim was to identify benefits of and
differences in performing Precursor Analysis. The meeting was hosted by AVN, Association Vinçotte
Nuclear.

2.    SCOPE AND OBJECTIVES OF THE MEETING

The purpose of the meeting was to provide a forum for open discussion on the state-of-the-art of
Precursor Analysis to all professional parties involved, i.e. industry, regulators and support
organizations.

The meeting was intended to discuss insights both from the operating experience point of view and from
the PA methodology point of view. Therefore, it was considered interesting to bring together specialists
in the use and application of operational feedback (mainly covered via NEA CSNI/WGOE) and
specialists in methodological aspects of Precursor Analysis (mainly covered via CSNI/WGRISK).
Cross-fertilization of insights and experiences was expected to be beneficial for both sides.

The major effort in Precursor Analysis is carried out on a limited set of safety significant events that
occurred at commercial nuclear power plants. Thus, an objective of the Workshop was also to explore,
to which extent Precursor Analysis is already applied to other types of nuclear installations (fuel
fabrication, research reactors, etc.).



NEA/CSNI/R(2003)11

6

3.    ORGANISATION AND FINAL PROGRAMME

The Programme Committee consisted of :

Pieter De Gelder, Chairman (AVN, Belgium)

Véronique Fauchille (IPSN, France)
Jan Holmberg (SwedPower, Sweden)
Helmut Hörtner (GRS, Germany)
Norio Watanabe (JAERI, Japan)
Pat Baranovsky (NRC, US)
Mohsen Khatib-Rahbar (US)
Lennart Carlsson (NEA Secretariat)

The final program was split into 8 different sessions and a final discussion session, covering:

Session 1: Overview of OECD activities
Session 2: Precursor analysis programs (I)
Session 3: Event analysis by deterministic methods
Session 4: Development of methodology, guidelines and models for probabilistic precursor

analysis
Session 5: Precursor analysis programs (II)
Session 6: Precursor analysis programs (III)
Session 7: Precursor analysis programs and applications of precursor analysis (I)
Session 8: Precursor analysis programs and applications of precursor analysis (II)
Session 9: Future prospects

4.    SHORT SUMMARY OF THE WORKSHOP

P. Govaerts, Director General of AVN, opened the workshop. He welcomed everybody and underlined
the importance of analyzing operating experience, not with only one particular method, but by several
different methodologies. AVN has for several years promoted the use of precursor analysis.

In session 1, introductory remarks were given by representatives of WGOE and WGRISK, the two
OECD/NEA working groups respectively on Operating Experience and Risk.

Sessions 2, 5 and 6 focused on national programs of probabilistic precursor analysis. Contributions from
US, Germany, Switzerland, Finland, Czech Republic, Belgium and Japan were presented.

Sessions 7 and 8 brought further prospects on the national programs, combined with information on
more specific applications. These sessions contained contributions from Hungary, US, Spain, and
France.

Session 3 was mainly dealing with the more classical (non probabilistic) approach of the analysis of
operational events, with contributions from Finland, Belgium, and Sweden. A consultant company
(Enconet) presented a newly developed method and a computer tool.



NEA/CSNI/R(2003)11

7

Session 4 focused on methodological aspects, and the development of guidelines and models for
probabilistic precursor analysis. It included a joint presentation by Belgium and Spain, and further
contributions from US and Japan.

The presentations mentioned above contained contributions from both utilities and regulatory bodies.

5.    FUTURE PROSPECTS

The workshop ended with a discussion on “Future prospects” (Session 9), covering issues generated
during or in connection with the workshop. The summary given hereafter addresses the issues that were
discussed, focusing mainly on further needs for methodological developments and harmonization.

•  What is the effect of differences in methodology? Can they be harmonized?

It is difficult to compare numerical results from different PA programs. The methods used differ from
program to program. The PA methodology has changed over time, and e.g. trending can be misleading
due to improvements in methodology.

It was noted during the workshop that many different risk measures are used in the different PA
programs. They cover for instance risk measures related to particular events (ICDF, CCDP, …) or risk
measures related to all plants within a given country (e.g. Annual ASP index, …). As an outcome of the
discussion it was felt that a harmonization is not strictly needed. Indeed, the risk measures used can and
will depend on the objectives of the PA program. Nevertheless, it was recommended that each
application should clearly define and describe the risk measures used. For instance, in most applications
numerical results reflect a risk measure with respect to core damage, while others reflect a risk of
reaching beyond design basis conditions.

The discussion confirmed that one should be very cautious when comparing numerical results and when
looking at trends.

•  Do we get more insights with more detailed modeling?

In the past, simplified models were extensively used for precursor analysis. With the improved
computation capabilities, and also due to user's needs inside and outside the precursor analysis
programs, the probabilistic models have become more developed. In many cases, the full scope and
state-of-the-art living PSA models are now used for precursor studies.

It was agreed that no optimum level of detail for the models could be prescribed. In some cases
simplified models can be used, although many participants emphasized the need of an in-depth modeling
of all dependencies, in particular for support systems (cooling systems, electrical systems, I&C,
instrument air, …).

Even when using full scope PSA models, several participants experienced the need to improve or to
extend the existing PSA model for a correct modeling of a particular event. Some events can for instance
take place in plant modes not fully covered by PSA. Other cases in which the base PSA model has to be
adapted occur when events last a significantly longer time in a particular plant mode than modeled in the
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base PSA or when events last for longer times covering different plant modes (e.g. long lasting
component unavailabilities).

•  What additional insights can we gain by analyzing events using precursor analysis?

Many participants stressed that probabilistic precursor analysis indeed provides additional insights
compared to deterministic event analysis. Examples cited were:

− a very important aspect is to get some quantitative measure of risk importance of the
event with sometimes surprisingly high or low values;

− it helps to determine the appropriate level of attention that should be devoted to the
follow-up of an event;

− it gives the possibility to study “what if” scenarios and to identify safety issues that might
have been overlooked or underestimated;

− the methodology allows to consider quite complex events or combinations of events;
− it can be used to help identifying and to evaluate the adequacy of potential corrective

measures;
− it can be used for trending over time;
− the results can be used to confirm or monitor a level of safety and
− the analysis serves the purpose of identifying outliers that need special attention.

It was underlined that the result from precursor analysis can be used to prioritize areas for improvement.
Sometimes, it is easier to get an understanding by upper management of the necessity to make changes
when it is supported with the insights from a good probabilistic precursor analysis. However, it was also
remarked that some events cannot be treated easily with probabilistic methods and that they need to be
addressed separately.

Another point is that performing probabilistic precursor analysis provides insights in the PSA model
itself (e.g. on completeness, on level of detail, etc.).In this way the PSA developer benefits from this
type of PSA application.

•  More risk informed event reporting?

The question was raised whether event reporting (for instance via INES, …) should be more risk
informed. It was argued that INES was developed as a fast information system towards the public, and
this option does not allow waiting for results of more sophisticated analyses. Some participants argued
however that important discrepancies between INES ranking and the ranking based on risk measures
should be avoided as much as possible. In some countries investigations are ongoing to include risk
measures more systematically in operational event ranking.

It was also recognized that for an adequate risk ranking, an extension of probabilistic precursor analysis
towards PSA level 2 is to be recommended. This should for instance allow a better ranking of events
involving containment bypass aspects (e.g. steam generator tube rupture).
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•  More integration of deterministic and probabilistic event analysis? How?

A further integration of deterministic and probabilistic event analysis was felt useful by many
participants. However, no precise recommendations on how to achieve this came out of the discussion. It
was suggested that this should be a further point of interest for both working groups WGOE and
WGRISK.

•  Future prospects?

It was recommended that both OECD working groups WGRISK and WGOE should continue to join
efforts in the field of precursor analysis. As mentioned above, an investigation on how to improve
integration of the deterministic and probabilistic approaches seemed valuable to many participants.

Formal attempts for harmonizing methodology and risk measures were not recommended. The
suggestion of organizing a benchmark exercise in this area was felt interesting, but some participants
also stressed the need to consider it carefully and to be aware of potential pitfalls. However, it was felt
that some harmonization could be achieved in the longer run by continuing to exchange information on
case studies, problems encountered by modeling particular events, etc.

Finally, it was also suggested to investigate further how probabilistic precursor analysis can impact on
regulatory work, for instance in better focusing available resources on the right issues.
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WEDNESDAY, MARCH 28, 2001

8.30 – 9.30 Registration

9.30 – 9.40 Welcome
P. Govaerts (AVN, Director General)
Presentation of final program
P. De Gelder (AVN, Chairman Programme Committee)

Session 1: Overview of OECD activities

Chairman: P. De Gelder (AVN)

9.40 – 10.05 Overview of activities of WGOE related to event and precursor analysis
L. Carlsson (OECD, Secretary WGOE)

10.05 – 10.30 Overview of activities of WGRISK related to precursor analysis
J.M. Lanore (IPSN, Vice-chairman WGRISK)

10.30 – 10.50 Coffee break

Session 2: Precursor analysis programs (I)

Chairman: V. Fauchille (IPSN)

10.50 – 11.25 Accident Sequence Precursor Program: Results and Insights
P.W. Baranowsky, D. Marksberry and P.D. O’Reilly (USNRC)

11.25 – 12.00 Results of the Precursor Analysis for German Nuclear Power Plants with
Pressurized Water Reactors from 1997 – 1999
S. Babst and H. Hoertner (GRS)

12.00 – 12.35 RISK-Based Analysis of Operational Events for Swiss Nuclear Power Plants
R. Beutler, G. Schoen, R. Schulz, and K. Theiss (HSK); I.S. Kim, A. Perez-
Mulas, and M. Khatib-Rahbar (Energy Research, Inc.)

12.35 – 14. 00 Lunch
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Session 3: Event analysis by deterministic methods

Chairman: P. Baranowski (USNRC)

14.00 – 14.35 CERCA – A method and a computer code for root cause analysis of
operational events
B. Tomic and C.K. Chen (Enconet Consulting)

14.35 – 15.10 Review of Operational Events and Operational Experience Feedback in
Finland
S. Suksi (STUK); presented by J Sandberg

15.10 – 15.40 Coffee break

15.40 – 16.15 Operating Experience Program of the Doel NPP
C. Debrouwere and Y. Comptdaer (Electrabel, Doel NPP)

16.15 – 16.50 Precursor and other Operating Experience Analyses – Swedpower Experience
Y. Flodin (SwedPower)
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THURSDAY, MARCH 29, 2001

Session 4: Development of methodology, guidelines and models for probabilistic precursor
analysis

Chairman: H. Hoertner (GRS)

9.00 – 9.35 Development of Guidelines for PSA-Based Event Analysis (PSAEA) in an
International Project
M. Hulsmans and P. De Gelder (AVN), E. Melendez Asensio and R. Muñoz
Gómez (CSN)

9.35 – 10.10 The Nuclear Regulatory Commission’s SPAR Model Development Plan
P.D. O’Reilly (USNRC)

10.10 – 10.45 Research Activities on Accident Sequence Precursor Study at JAERI
N. Watanabe (JAERI)

10.45 – 11.10 Coffee break

Session 5: Precursor analysis programs (II)

Chairman: J.M. Lanore (IPSN)

11.10 – 11.45 Risk Follow-up and PSA-based Event Analysis in Finland
J. Sandberg and A. Julin (STUK)

11.45 – 12.20 Current Practice in PSA Based Operational Event Evaluation in Czech
Republic
J. Sedlak (NRI Rez)

12.20 – 14.00 Lunch

Session 6: Precursor analysis programs (III)

Chairman: P. O’Reilly (USNRC)

14.00 – 14.35 Application and Use of PSA-Based Event Analysis in Belgium
M. Hulsmans and P. De Gelder (AVN)
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14.35 – 15.10 Accident Sequence Precursor Analysis at INS/NUPEC
T. Uchida, H. Takahashi, M. Fukuda and M. Sugawara (INS/NUPEC)

15.10 – 15.40 Coffee break

Session 7: Precursor analysis programs and applications of precursor analysis (I)

Chairman: E. Melendez Asensio (CSN)

15.40 – 16.15 Precursor Event Analysis at the Hungarian Atomic Energy Authority
Z. Karsa (VEIKI) and G. Macsuga (HAEA)

16.15 – 16.50 Assessment of Risk Significance Associated with Issues Identified at
D. C. Cook 1 Nuclear Power Plant
S. D. Weerakkody (USNRC)

18.00 Guided visit to Cartoon Museum
19.30 Dinner
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FRIDAY, MARCH 30, 2001

Session 8: Precursor analysis programs and applications of precursor analysis (II)

Chairman: N. Watanabe (JAERI)

9.00 – 9.35 CSN Activities in Probabilistic Event Analyses
E. Melendez Asensio and R. Muñoz Gómez (CSN)

9.35 – 10.10 Contributions of EDF “Precursor Incident” Program to Operating Experience
Feedback for the 1997-1999 Period, Focusing Particularly on Evaluation of
Corrective Actions.
J. Primet and Ph. François (EDF)

10.10 – 10.30 IPSN Precursor Program
V. Fauchille (IPSN)

10.30 – 11.00 Coffee break

Session 9: Future prospects

Chairman: L. Carlsson (OECD)

11.00 – 12.00 Discussion: Further needs for methodological developments and
harmonisation? Can event reporting systems be more risk based? Future
activities of OECD?

12.00 – 12.30 Concluding remarks and Closure

12.30 – 14. 00 Lunch


























































































































































































































































































































































































































































































































































































































































	nea.csni.r(2003)11.pdf
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


