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FOREWORD

The main mission of the NEA Working Group on Operating Experience
(WGOE) is to analyse and develop insights from operating experience, and to
communicate these insights to the NEA Committee on the Safety of Nuclear
Installations (CSNI), the NEA Committee on Nuclear Regulatory Activities
(CNRA) and interested government and industry bodies. In order to be able to
do so, the WGOE conducts special studies, workshops and generic assessments
in areas of high safety and regulatory significance.
The WGOE also supervises the Incident Reporting System (IRS), jointly
operated by the International Atomic Energy Agency (IAEA) and the OECD
Nuclear Energy Agency (NEA). Furthermore, the WGOE plays a role in
providing advice and assistance in drawing conclusions from several other
international databases, such as those for incidents involving fuel cycle facilities
(FINAS), computer-based systems important to safety (COMPSIS) and
common-cause failures (the ICDE project). A technical paper of this nature is
seen as a good way of delivering brief and refined messages from operating
experience.
The technical opinions contained herein have resulted from the work of a
small task force. Dr. Denwood F. Ross has been the key author of the paper, for
which the NEA Secretariat wishes to express its particular gratitude. Several
other persons have contributed to the work. Among them, Dr. Michael Maqua
(GRS) and Mr. Jorge Tirira (IRSN) have devoted their time to give valuable
insights. Mr. Rémy Bertrand and Mr. Didier Wattrelos (IRSN) contributed
significantly to the final editing phases of the work. The end product represents
the consensus of the CSNI WGOE regarding recurring events in nuclear power
plants, for which the working group deserves acknowledgement as a whole.
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RECURRING EVENTS

Introduction
This technical opinion paper (TOP) represents the consensus of CSNI
(Committee on Safety of Nuclear Installations) Working Group on Operating
Experience (WGOE) regarding recurring events in nuclear power plants. The
primary audience for this paper is the plant operations and engineering staff and
those parts of the regulatory organisations that are involved in the analysis,
evaluation and feedback of operating experience. The paper is intended to
provide examples of recurring events to illustrate the safety significance of such
events, and to encourage organisational awareness and attention to their
prevention and mitigation.
One early example of recurring events is the Three Mile Island (TMI)
accident of March 1979, since a similar event had occurred about 18 months
before. Over the past years, there have been many observances of recurring
events, although of lesser severity than that of TMI.
The NEA CSNI Working Group on Operational Experiences has on two
separate occasions produced reports on recurring events. It has also sponsored a
workshop on this topic in collaboration with the International Atomic Energy
Agency (IAEA) and the World Association of Nuclear Operators (WANO). The
workshop and the reports form the basis for this Opinion Paper.
Systems for analysis of operating experience and recurring events
Analysis and evaluation of operational events have been of among the
most vital nuclear safety activities for decades. The need to perform this
analysis was emphasised recently in the Nuclear Safety Convention, Article 19.
The goals of Article 19 are that:
•

programs to collect and analyse operating experiences should be
established;
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•

the results obtained and the conclusions drawn should be acted
upon; and

•

existing mechanisms should be used to share important operating
experience with international bodies and with other operating
organisations and regulatory bodies.

Consequently, there are many databases of operating event descriptions.
For instance, the NEA and IAEA jointly operate the Incident Reporting System
(IRS). Industry has, through the WANO, established another system. Each
regulatory body has its own national operating experience system. In addition,
individual utilities, collections of utilities by reactor type and reactor vendors
have systems tailored to individual needs.
The following definition has been adopted for recurring events:
“An event with actual or potential safety significance that is the same or
is very similar to important aspects of a previous nuclear industry
event(s), and has the same or similar cause(s) as the previous event(s).
Additionally, for an event to be considered as recurring, there should
exist prior operating experience with corrective actions either
i) identified but not specified, or
ii) not adequately specified, or
iii) not implemented, or not implemented in a timely manner by the
responsible organisation.”
Despite the multitude of systems to collect and analyse operating
experience, there does not seem to be one to search in a systematic fashion for
recurring events. Hence, the identification of recurring events is done mostly in
a case-to-case fashion.
Assessment and examples of recurring events – first CSNI report
The first recurring event report NEA/CSNI/R(1999)19 identified four
examples of recurring events, as shown in the box to the right next page.

10

A recurring event of particular interest for a PWR is the loss of residual
heat removal (RHR) cooling while at mid-loop conditions. Some aspects of this
scenario are:
•

the primary system is generally open to the containment
atmosphere;

•

the main containment may be open;

•

and decay heat is being removed by the RHR system.

Generally, the steam generators may not be available for RHR.
The history of loss of RHR at midloop conditions was reviewed. There
were over 20 such events in the time
period 1980-1996, i.e. more than one per
year. The events were widely publicised
and there were numerous communications by the regulatory bodies.
Even so, this scenario continued to occur
even though the corrective actions were
well known.

Recurring events from
NEA/CSNI/R(1999)19
1.

2.
3.
4.

Loss of residual heat
removal while at mid-loop
(PWR).
Failure of valves to operate.
Service water degradations
due to biofouling.
BWR power oscillations.

Another recurring event identified was instability in boiling water
reactors. A usual design criterion for boiling water reactors is that either the
reactor remains stable by design, or else instabilities are detected and corrected.
However, over the period 1982-1995 about ten instances of BWR instability
were detected. These instabilities were quite large, e.g. with neutron power
oscillating between 40 and 90% power. In spite of this, experts generally agreed
that the risk attendant to BWR instability is quite low. Corrective actions for
these oscillations or instabilities were not well defined and, in some cases,
utilities were somewhat surprised when inadvertent instability was experienced.
A third example of recurring events was reduction or interruption of
service water due to build-up of marine life, including clams, barnacles,
shrimps, and molluscs. Seven such cases were noted over the period 1980-1997.
Service water plays an important role in transporting energy from key systems
to the ultimate heat sink.
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Assessment of recurring events – second report (to be issued in 2003)
One follow-up action to the first recurring event report was an
international workshop on this subject held in March 2002 jointly sponsored by
NEA and WANO. This workshop contributed significantly to the second report
about recurring events.
The recurring events identified in the second report are listed in the box
to the right next page.
Three recurring events identified
in this second report were also
identified as recurring events in the
first report. This lends substance to
some of the causes of recurring events –
especially to the poor feedback of
operating experience.

Recurring events identified
in the second report
1.
2.
3.
4.
5.

Loss of RHR at mid-loop.
BWR instability.
PWR vessel head corrosion.
Hydrogen detonation in BWR
piping.
Steam Generator Tube Rupture.
Multiple valve failures in ECCS.
Service water system biofouling.
System level failures due to
human factors considerations.
Strainer clogging.

The loss of RHR while at mid6.
loop conditions, for a PWR, occurred
7.
several times at one facility. In all
8.
cases the fluid loss was terminated
9.
before adversely affecting the RHR
pump. On average it seems that the
recurrence rate for this scenario is diminishing, although there is not sufficient
elapsed time yet to make a firm conclusion.
Two additional instances (since the 2000 report) of BWR instability have
occurred. In one of them, the operating organisation stated that it had not been
sufficiently warned about the trend of the plant from very stable to unstable
conditions, and thus could not prevent the event. Note that the general view that
instability is not particularly safety significant is conditional on detection and
suppression of instability.
There was one additional recurring event involving loss of heat sink due
to marine biofouling. A four-unit station reported potential loss of heat sink due
to a rapidly growing excess of algae that interfered with the circulating water
system and resulted in trip of two units. Some condenser circulation continued,
but there was a concern about loss of service water or collapse of the travelling
screens.
Two safety-significant recurring events involving degradation of a PWR
upper vessel head were reported. Boric acid leaked through cracks in the control
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rod drive module and attacked the head material. At places the only remaining
control of the primary pressure boundary was the stainless steel cladding. Prior
occurrences of corrosion of the upper head or other carbon steel pressure
retaining parts due to boric acid had been reported in a number of member
Countries, some as far back as 15 years.
Finally, hydrogen detonations have occurred within BWR piping as
reported by several stations. In some cases the immediate consequence was loss
of ECCS train (i.e., the high pressure injection system). The direct cause is the
evolution of hydrogen and oxygen from the radiolysis of water. In another
instance there was unisolable blowdown to the suppression pool. Some
mechanisms of the event are still under review as of early 2003. Similar events
had been reported as far back as 1985.
Important lessons learned from the two reports
It was seen that the history for some recurring events is, at least, up to
20 years. This raises questions as to why the corrective actions had not been
implemented in a timely manner. Several possibilities exist:
•

The operating organisation failed to take timely action, or was not
aware of the events, or thought it was not applicable.

•

The regulatory authority was not aware of the events, or had not
imposed the licensee to take timely corrective actions.

•

Work on the appropriate corrective action was in progress, but not
fully implemented.

•

The event was considered to be of lesser importance and risk than
other plant modifications, and thus was not being pursued as rapidly
as needed.

•

Overall, the operating experience feedback programme was not fully
effective.

•

The root cause of the event had not been correctly identified, and
thus the corrective actions were not responsive.

•

The contributing factors or causes were not appropriately taken into
account in identifying the corrective actions.

•

What was thought to be a solution was, in fact, not one or the
problem was generic, and what was a fix for one aspect did not
cover all aspects.

13

It is likely that all of these possibilities play a role in delaying action.
The risk of the recurring events spans a large scale. There is reasonable
agreement that the loss of RHR while at mid-loop can be risk-significant,
especially if the primary system pressure boundary and/or the containment
pressure boundary is open. This was the situation in some cases. In general,
many recurring events have had no attached quantification of risk significance
at the time of the event occurrence and report.
Concluding remarks
There is no rigorous procedure to study operating events that would
illuminate recurrence. Thus, detection of a recurrent event is largely depending
on the knowledge, memory and expertise of the analyst. One difficulty is that an
event may be taking place at several sites within the NEA community, but has
not yet recurred within a given country. Also, it is possible that an event would
not be identified as recurring without a search of an international database. It is
therefore increasingly important for each member country to report all events of
safety significance to IRS system.
Based on the recent knowledge, there is a wide variation in the perceived
risk of recurring events. A more comprehensive view on the significance
recurrence is generated through introducing the risk dimension in the event
analyses. An event description should consist of:
•

event description;

•

history of earlier events;

•

direct causes;

•

root causes and contributors;

•

corrective actions;

•

schedule for completion of corrective actions;

•

safety significance including risk insights.

Circulating this information on a regular basis could prove useful both to
the regulatory authority and to the affected utilities.
One possible remedy for recurrence is wider dissemination of event
descriptions, likely causes and corrective actions. For minor events, trend
analyses may be used to monitor the frequency of component failures or human
14

performance problems, which may indicate weaknesses in plant processes and
programmes. Human resources to handle this information should be made
available by the Licensees and the Regulatory organisations.
Recurring events are important to safety in that they can indicate
deficiencies in the plant safety culture, gaps in the national operating experience
feed back systems, loss of continuity in skilled and knowledgeable operations
and engineering staff, or lack of attention to design and operational factors such
as plant ageing.
References
IAEA (June 1994), Convention on Nuclear Safety, IAEA, Vienna.
NEA/CSNI/R(1999)19. Recurring Events.
NEA/CSNI/R(2002)25. Proceedings of the Workshop “How to Prevent
Recurring Events More Effectively”, 6-8 March 2002, Boettstein, Switzerland.
NEA/CSNI/R(2003)13, Recurring Events, Volume 2. Final Draft, April 2003.
NEA (2000), Nuclear Power Plant Operating Experiences from the IAEA/NEA
Incident Reporting System 1996-1999, ISBN 92-64-17671-3, OECD, Paris.

15

ALSO AVAILABLE
NEA Publications of General Interest
NEA News
ISSN 1605-9581

Yearly subscription: ¼43 US$ 48 £ 28 ¥ 5 500

Nuclear Safety and Regulation
Advanced Nuclear Reactor Safety Issues and Research Needs (2002)
Workshop Proceedings, Paris, France, 18-20 February 2002
ISBN 92-64-19781-8
Price: ¼75 US$ 65 £ 46 ¥ 8 700
Assuring Nuclear Safety Competence into the 21st Century (2000)
Workshop Proceedings, Budapest, Hungary, 12-14 October 1999
ISBN 92-64-18517-8
Price: ¼55 US$ 50 £ 50 ¥ 5 300
Nuclear Fuel Safety Criteria Technical Review (2001)
ISBN 92-64-19687-0
Price: ¼20 US$ 19 £ 12 ¥ 1 900
Collective Statement Concerning Nuclear Safety Research (2003)
Good Practice and Closer Criteria
ISBN 92-64-02149-3
Free: paper or web.
Nuclear Regulatory Review of Licence Self-assessment (LSA) (2003)
ISBN 92-64-02132-9
Free: paper or web.
Regulator and Industry Co-operation on Nuclear Safety Research (2003)
Challenges and Opportunities
ISBN 92-64-02126-4
Free: paper or web.
Regulatory Challenges of Decommissioning Nuclear Reactors(The) (2003)
ISBN 92-64-02120-5
Free: paper or web.
CSNI Technical Opinion Papers
No.1: Fire Probabilistic Safety Assessment for Nuclear Power Plants (2202)
No.2: Seismic Probabilistic Safety Assessment for Nuclear Facilities (2002)
ISBN 92-64-18490-2
Free: paper or web.
Assuring Future Nuclear Safety Competencies – Specific Actions (2001)
ISBN 92-64-18462-7
Available on the web.
Collective Statement on Major Nuclear Safety Research Facilities and Programmes at Risks
(2001)
Joint OECD Projects and Centres of Excellence (Bilingual)
ISBN 92-64-08476-2
Free: paper or web.
Nuclear Safety Research in OECD Countries – Summary Report of Major Facilities and
Programmes at Risk (2001)
ISBN 92-64-18463-5
Free: paper or web.
Order form on reverse side.

ORDER FORM
OECD Nuclear Energy Agency, 12 boulevard des Iles
F-92130 Issy-les-Moulineaux, France
Tel. 33 (0)1 45 24 10 15, Fax 33 (0)1 45 24 11 10
E-mail: nea@nea.fr, Internet: http://www.nea.fr
Qty

Title

ISBN

Price

Amount

Total

T Payment enclosed (cheque or money order payable to OECD Publications).
Charge my credit card T VISA T Mastercard T American Express
(Prices include postage and handling fees).

Card No.

Expiration date

Name
Address

Country

Telephone

Fax

E-mail

Signature

OECD PUBLICATIONS, 2 rue André-Pascal, 75775 PARIS CEDEX 16
Printed in France.

