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Nuclear power operation in VNIPEDE member countries is characterised by a very high
tevelofsafeiy and availability resulting in economically competitive electricity production.
This achievement must not onfy be maintained but must be further developed if nuclear
power is to regain momentum in the tight of its widely recognized environmental
advantages* . •

The Nuclear Generation Study ComptttteefeH therefore that it was time to brfngtogether
aU those, managers andtechnicalstaff, responsible for the operation of the NPP in the
various countries in order to allow them to exchange views, experience and knowledge
on fundamental aspects such as:

• management philosophy, quality assurance, human resources and international
cooperation

• Operation* focusing on training, human/actors and experience feedback
• maintenance philosophy* organisation and administration.

Whether nuclear energy picks up again or not depends on many factors which are to m
targe extent outside the field of responsibility and beyond the control of the operators?
changing public opinion, decisions by the authorities, greater knowledge of greenhouse
effect, etc But there is one basic priority condition which depends on us and which
inspired the theme of this conferences it is essential that the operating results of the
existing power stations maintain the level of excellence they have now reached. If
availability levels were to fait, or if relatively serious accidents were to occur anywhere
in theworld* tbenthe chancesofnuclearpicking up againcouldbeirrevocabfy compromised.

This is an objective which isperfectfy within our grasp. But we must not be over-optimistic.
The years to come could be more difficult than those behind us • installations are Hke men*
unfortunately, they grow old. Jfthe operators want to achieve the ambitious objective set
by this Conference^ to maintain and improve Operating results, they will need to be even
more vigilant and make even greater efforts.

In thisfieM, international organisations have a very important rote to play, and they also
have responsibilities and I am pleased to note that all the major organisations in the
nuclear field have participated at this Conference and have contributed to its success: the
IAEA,the QECDNuctearEnergyAgencyandinternationalEnergyAgency, WANOandlNPO.

The ambition of UNIPEDE itseffis to remain a permanent and irreplaceable forum on
which nuclear operators can exchange their ideas and experience, thus allowing each to
benefit from the knowledge of the others* This Conference is a real example of the
objectives UNIPEDE bos set itself in this field.

Let me finally thank all those, Chairmen of the sessions, speakers, members of the panels,
who have made their know-bow, experience and time available to assure the success of
the Conference*

The Deputy Executive Director,
Bruno D'Onghia
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AT-1400WIEN 004

Institute of Nuclear Power Operations (INPO)

PATE Dr.ZackT.
President and Chief Executive Officer
Institute of Nuclear Power Operations
1100 Circle Parkway Suite 1500
US- 30339 ATLANTA, GA 006

ANDERSON Mr. Stanley J.
Vice President
Institute of Nuclear Power Operations (INPO)
1100 Circle 75 Parkway
US- 30339 ATLANTA, GA 194

Organization for Economic Cooperation and
Development (OECD)

.JSHACK Mr. Georges
Administrator
Nuclear Safety Division
Nuclear Energy Agency-OECD (NEA)
38, boulevard Suchet
FR- 75016 PARIS 133

SKINNER Dr. Robert G.
Director, Long-Term Co-operation
Policy Analysis
International Energy Agency-OECD (IEA)
2, rue Andre Pascal
FR-75016 PARIS 005

International Union of Producers and
Distributors of Electrical Energy (UN1PEDE)

LUCENET Mr. Georges
Executive Director
UNIPEDE
28, rue Jacques Ibert
FR-75858 PARIS CEDEX 17

D'ONGHIA Mr. Bruno
Deputy Executive Director
UNIPEDE
28, Rue Jacques Ibert
FR-75858 PARIS CEDEX 17

002

300

KRAUS Mr. Michael
Senior Advisor
UNIPEDE
28, Rue Jacques Ibert
FR- 75858 PARIS CEDEX 17

World Association of Nuclear Operators(WANO)

COAKLEY Mr. Walter J.
Acting Director of the Coordination Centre
London Centre
World Association of Nuclear Operators (WANO)
Chelsea Chambers, 242 Fulham Road
GB-SW10 9EL LONDON 183

MAURIN Ing. Gerard
Representant EDF
Paris Centre
World Association of Nuclear Operators (WANO)
39, Avenue de Friedland
FR-75008 PARIS ' 127

OLAVARRIA Ing. Ignacio
Representant UNESA
Paris Centre
World Association of Nuclear Operators (WANO)
39, Avenue de Friedland
FR- 75008 PARIS 128

BE* BELGIQUE • BELGIUM

ANCKAERT
Sales Director
PNP
ABB Energie NV
Sint-Salvatorstraat 16
BE- 9000 GENT

Mr. Erick

138

BECQUAERT
Civ. Engineer
Plant Manager DOEL 3/4
ELECTRABEL
Scheldemolenstraat, haven 1800
BE-9130 DOEL

Mr. Alfred

056

COLARD
Ingenieur d'Etudes
TRACTEBEL SA
Avenue Ariane, 7
BE-1200 BRUXELLES

Mrs. Marie-lsabelle

170

311

CONRAETS Mr. Philippe
Responsable Departement Techniques Generates
Centrale Nucleaire de Tihange
ELECTRABEL
Avenue de I'lndustrie, 1
BE-4500 TIHANGE 011

DE ROOVERE Mr. Willy
Manager
DOEL Nuclear Power Plant
ELECTRABEL
BE- 9130 DOEL-Beveren 050

DRESSE Mr. Hubert
Responsable Production Nucleaire
ELECTRABEL
Boulevard du Regent 8
BE-1000 BRUXELLES 055



JACQUET Mr. Roger
Responsable du Site de Tihange
Centrale Nucleaire de Tihange
ELECTRABEL
Avenue de I'lndustrie, 1
BE- 4500 TIHANGE

KENIS Mr. Eric
Operations Department Manager
DOEL Nuclear Power Plant
ELECTRABEL
Scheldemolenstraat, haven 1800
BE-9130BEVEREN

PEREZ NAREDO Mr. Fernando
Engineer
President
Westinghouse Energy Systems International
73, rue de Stalls
BE-1180BRUXELLES

PIRARD Mr. Alex
Chef de I'Unite 2
Centrale Nucleaire de Tihange
ELECTRABEL
Avenue de I'lndustrie, 1
BE- 4500 TIHANGE

SAINTMARD Mr. Claude
Directeur d Exploitation
Centrale Nucleaire de Tihange
ELECTRABEL
Avenue de I'lndustrie, 1
BE- 4500 TIHANGE

ULENS Mr. Stan
Direction Generale Production et Transport
ELECTRABEL
Boulevard du Regent, 8
BE- 1000BRUXELLES

VAN BINNEBEEK Mr. Jean-Jacques
Head of the Nuclear Inspection Department
AIB-Vincotte Nuclear
AvduRoi, 157
BE-1060BRUXELLES

014

057

016

012

015

171

169

CA*CANADA

Mr. ChuckBAIRD
Senior Vice President
New Brunswick Power Corporation
P.O. BOX 2000
CA- E3B 4X1 FREDERICTON, N.B.

GRANDMAISON Mr. Claude
Vice-President
HYDRO-QUEBEC
505 des Forges
CA- G9A 2H6 TROIS-RIVIERES

HORTON Mr. Elgin
Vice-President
Nuclear Operations
ONTARIO HYDRO
700 University Avenue (A8-A2)
CA-M5GIX6 TORONTO.

222

135

PILKINGTON Mr. William
Production Manager
Point Lepreau Nuclear Generating Station
New Brunswick Power Corporation
P.O. BOX 10
CA- EOG 2Y0 LEPREAU, N.B. 212

CH* SUISSE. SWITZERLAND

BUCLIN Mr. Jean-Paul
Dipl. Elec. Eng.
Vice-Director
SA L'Energie de I'Ouest Suisse (EOS)
Case postale 570
CH-1001 LAUSANNE 048

FISCHER Mr. Peter U.
Managing Director
Elektrizitats-Gesellschaft Laufenburg AG
CH- 4335 LAUFENBURG 010

FUCHS Dr. Hans
Manager
Thermal Power Production
Aare-Tessin AG
Bahnhofquai 12
CH-4601OLTEN 141

HESS Mr. Elmar
Project Manager
NOK
Kernkraftwerk Beznau
Parkstr. 23
CH- 5401 BADEN 201

MORLEY Mr. Michael
Chief Engineer
Nuclear Technology and Safety
Colenco Power Consulting Ltd.
Mellingerstrasse 207
CH-5405 BADEN 142

SCHUMACHER Dr. Hugo
Plant Director
Kernkraftwerk Leibstadt AG (KKL)
CH- 4353 LEIBSTADT 028

WEYERMANN Mr. Peter
Manager
Bemische Kraftwerke AG
Viktoriaplatz 2
CH-3000 BERN 25 122

WIDMER Dipl.Ing. Andreas
Centralschweizerische Kraftwerke (CKW)
Hirschengraben 33
CH-6002 LUZERN 119

CS* TCHECOSLOVAQUIE • CZECHOSLOVAKIA

PERINA
Head of Department
Czech Power Company
Jungmannova 29
CS-11148 PR AH A

Ms C. Frantisek

203
114

8



DE* ALLEMAGNE • GERMANY

ALBERT Dipl.-lng. Norbert
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WECOLME ADDRESS

by Carl-Erik NYQU1ST, President and Chief Executive Officer
VATTENFALL AB • SWEDEN

Ladies and gentlemen! Dear friends!

On behalf of the Swedish Nuclear Power Industry I want to express my warmest welcome to Stockholm
to the participants in the first UNIPEDE NUCLEAR CONFERENCE.

I address myself especially to our invited guest speaker Dr. Hans BLIX, Director General of IAEA and
to the Executive Director of UNIPEDE, Mr. Georges LUCENET.

We find it very satisfactory that this conference has been located to Sweden. Our country depends
very much on nuclear power for its energy supply. Last year, more than 50% of the electricity was generated
in our twelve nuclear reactors on four sites. The capacity of our hydro power stations is almost of the same
size.

This is an excellent combination of cheap and clean energy, with great flexibility to meet variations in
demand. Not only in Sweden but also to some extent for our neighbouring countries. The well integrated
Nordic Transmission system and clear rules for exchanging excess power has made it possible to replace
fossil-fired thermal power mainly in Denmark and Finland by environmentally clean power, that is hydro
power from Norway and Sweden.

Due to the high per capita consumption of electricity in Sweden - around 16 000 kWh/year - the
Swedish customers use more nuclear generated electricity than people in any other country in the world -
around 8000 kWh/year.

The goals of the Swedish utilities for nuclear power is to maintain the high availability and good
economy, to improve safety and to upgrade the capacity where this it economically feasible. Vattenfall has
been steadily consolidating its expertise in the entire nuclear power field for a long time now. We have
concentrated particularly on:

- quality assurance
- preventive maintenance
- thorough outage planning and management
- and efficient fuel management

This expertise has enabled us to establish good record in terms of high availability and good operating
cost performance. In addition, it has enabled us to solve the problems that, despite everyone's best efforts,
inevitably arise - steam generators and control rod guide tubes, for example.

At present we are examining the reactor vessel head penetration on our PWRs. The fact of having our
own in-house expertise has been an absolutely invaluable asset for us. By the time when the reactors are
growing older I think it is important that the power industry will have their own qualified expertise for
successful maintenance and lifetime extension.
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Good economy, availability and safety will promote increase of public acceptance for nuclear power.
Full acceptance will not be achieved until we have shown in practice that we will be able to take care of the
nuclear waste in all steps in a publicly acceptable way. So far we have also been very successful with our
nuclear waste management system. The acceptance of nuclear power here in Sweden has varied in step
with serious incidents in other countries. Still Sweden is suffering from the fallout of the Chernobyl accident.
However, for the moment nuclear power - from the political point of view - is not on the agenda. Nuclear power
today is generally accepted by the public in Sweden. Though I must declare the year 2010 for phasing out
all nuclear power in Sweden still exists.

Our ambition is to reach excellence in performance in operation of nuclear power. I think that the
priority is the same for all of us all over the world.

It is a global challenge!

Therefore we welcome the initiative taken by the UNIPEDE Nuclear Generation Study Committee to
arrange this conference under the theme -Achieving Excellence through Quality-, where experts and
managers can exchange know-how and experience in this very important matter.

With these words I wish the conference good luck in its ambitions and hope that all of you will have
a pleasant and memorable stay in Sweden •
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OPENING SPEECH

by Georges LUCENET, Executive Director
UNIPEDE

My task today is a particularly pleasant one: I have been asked very officially to convey on behalf of
the President of UNIPEDE the kind regards and encouragement of the UNIPEDE Directing Committee.

But although this is a pleasant task, it is nonetheless an important one. Opening a UNIPEDE
Conference is no ordinary action undertaken by duty or tradition, because your meeting is not a chance event
but an essential requirement: to exchange experience, communicate between yourselves, pool your ideas,
your successes or - why not - your failures; to solve your problems together, because we are more efficient
when we work together... and the electricity supply industry has a long traditional of cooperation and
solidarity since UNIPEDE was founded, i.e. since 1925.

This is the real reason for our Union's existence: at a time when ideas cross frontiers quicker than men
do, when the walls we thought eternal come tumbling down in a few days, this need for exchanges is
becoming more and more essential... is not the thirst for freedom and communication at the origin of the
developments, both fortunate and unexpected, which are characteristic of this surprising century's end?

UNIPEDE is a crossroads of expertise, and the Nuclear Generation Study Committee is a living
example of this. The deep-seated reform voted at the Copenhagen Congress just one year ago aimed
precisely to strengthen this irreplaceable centre for confidence which the industry needs now more than
ever... and nuclear generation has naturally found its place in the new structure set up within Steering
Committee 1, grouping the activities linked to the generation and transmission of electricity: nuclear, thermal,
hydro and other renewable energy sources, large systems and international interconnections...

The life of the Study Committees has for sixty years been linked to that of UNIPEDE... The possibility
they have of organising meetings such as this one demonstrates their dynamic vitality.

i infer from this that the Committees involved in this field of expertise are particularly active as, in
addition to this Conference, they will shortly be organising two important events: one on large interconnected
systems in May 1993 in Tunis and the other on thermal generation and the environment in September 1993
in Hamburg... All the information on these events - and more generally on the objectives and activities of
UNIPEDE - is of course available from the Secretariat.

I have particular pleasure in mentioning that Steering Committee 1 is chaired by a Swede, Lennart
Lundberg, the current President of NORDEL, who was for sixyears the Chairman of the UNIPEDE Economics
and Tariffs Study Committee, to which he always devoted a large part of his time and his great competence.

The Swedish national body, and more particularly Vattenfall, agreed to hostthis Conference in Sweden
and I can confirm - as I was myself present during the discussions - that this was a courageous decision as
much as a profession of faith in favour of the future of nuclear energy. We must express our thanks here to
those responsible in Vattenfall, and more particularly Lars Gustafsson, today Chairman of the UNIPEDE
Nuclear Generation Study Committee.

The success of our meeting is, from the point of view of participation, guaranteed: we are over 200 (270
with the accompanying persons), representing 17 countries from the fifty who are today UNIPEDE
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members... This is not a record, but it is a very good result if we take into account the fact that many UNIPEDE
member undertakings do not operate nuclear power stations.

Achieving excellence through quality in the field of operation of nuclear power stations is an ambitious
objective, but one which is perfectly justified. No other industrial activity requires so much effort, precaution,
in short so much professionalism, as the daily operation of nuclear generating units.

Mastering this technology, which was for a long time based on the preparation of reliable, safe and
economic projects, is today to a large extent in the hands of competent and experienced operators.

This is a sign of maturity, but it is also a permanent challenge: no other technique has been placed
in this way under the constant combined surveillance of public opinion and the authorities... Perhaps we
should congratulate ourselves on this, as the absence of the -right to error~ - somewhat inherent to nuclear
energy - is for the electricity operators a source of deep-rooted motivation and increased necessity for
expertise.

These considerations are true for Western countries and for Japan... They will apply in the near future
to the other countries - many of which are UNIPEDE members - from Central and Eastern Europe and the
republics of the CIS. Nuclear energy's reputation cannot rely on fragile political frontiers... Each of us is being
driven towards excellence, and our community is collectively condemned to a form of universal perfection
which meetings such as this must help us to aim for, at least asymptotically...

Our progress will depend on improved techniques, but they will also be to a large extent linked to
personnel training, an essential long-term task in which UNIPEDE is engaged.

I hope you will forgive these few personal reflections... I wish you, I wish us, all success for these two
days, which I would like to describe in two ways: in terms of competence, perfectly illustrated by this
assembly, and in terms of the conviviality which is traditional at UNIPEDE meetings and which will be
demonstrated not just in our working sessions, but also during the beautiful long evenings of the Swedish
solstice.

Before asking Lars Gustafsson to speak - he will be informing us of the technical programme for the
Conference -1 would like to thank once again, on behalf of UNIPEDE, Mr. Hans Blix, Director General of the
IAEA, and Mr. Carl Erik Nyquist, President of Vattenfall, for agreeing to honour this Conference by their
presence and thus allowing us to benefit from their competence and experience •
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WELCOME ADDRESS

by Lars GUSTAFSSON, Chairman of the Nuclear Generation Study Committee
VATTENFALL AB • SWEDEN

Ladies and Gentlemen!

The Nuclear Generation Study Committee is the organizer of this conference. It is a part of the work
programme of the Committee for the current three year period. Therefore I would like to start by giving you
some information about the aim of the work in the committee.

The Terms of Reference of the Committee are the following.

I quote:
"Define the overall objectives and supervise the activities of the attached Groups of Experts. Promote

the performance of nuclear power plant operation so as to form the basis for future development of nuclear
power. Follow the performance and discuss and take initiatives concerning the development of nuclear
power.

The work programme consists of the following activities:
The Nuclear Generation Study Committee provides a forum for exchange of information and analysis

of issues related to civil nuclear power in areas of:

• Design and construction, as well as life-time extension of nuclear power stations, focusing
on the nuclear aspect.

• Operation and maintenance of nuclear power stations, including training of personnel
and human factors.

• Safety and security standards and practices in nuclear power stations.

• Nuclear fuels including the disposal of spent fuels and radioactive waste.

• The situation regarding nuclear power in the countries of UNIPEDE.

The Nuclear Generation Study Committee establishes, when required, a common standpoint on
nuclear power vis-a-vis public or international institutions and will, when necessary, form task forces on a
Committee level in order to support the utilization of results obtained in the Groups of Experts and to study
important issues raised within the Committee itself.

And last.

Organizing the First Nuclear Conference on Plant Operation. "Achieving excellence through quality".

End of quotation.
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In accordance with our work programme our ambition has been to compose a conference programme
which covers all essential management functions which have an impact on human resources, the
administration of technical activities of vital importance for the performance and to demonstrate interesting
developments in existing power stations.

This is the firs! IMPEDE Nuclear Conference and takes place when nuclear power in the UNIPEDE
countries has come to a situation of maturity with high safety level and good economy. We have however to
live with many nuclear power stations elsewhere where quality has not been the great issue and where the
safety is unacceptable. This has also become a problem for us.

We have in the nuclear industry now about 5 000 reactor years experience. During the years a lot of
cooperation and exchange of experience have taken place which have been very beneficial for all. The
availability has increased and the safety level has improved significantly. In this situation with experienced
operators of nuclear power and with the power stations in the UNIPEDE countries in good condition one aim
of the Conference is to discuss how to maintain high quality and make improvements where necessary or
possible and to find methods to maintain high motivation and avoid complacency. The importance of this
is easy to understand with respect to the importance of nuclear power in many of our countries today and
the potential of nuclear power to meet increasing needs of clean and economic power in the future.

The theme of the conference is -Achieving excellence through quality*

I think this theme contains a very good characterization of nuclear power.

First: Excellence. Nothing less can be accepted when we are dealing with nuclear power.

Secondly: Quality. Quality in every part of the nuclear business is a necessity in achieving and
maintaining excellence. Quality is the instrument. It is however not always easy to design or to explain this
instrument. That is, however, also what we will be trying to do during this conference.

Why do we put such high quality requirements on nuclear power?

First of all because we put extremely high safety requirements on nuclear power.

Secondly for economic reasons. With its high capital costs, high load factor is very important. Non
availability costs money. Good economy and high safety can only be reached with equipment and
administration of high quality and with very qualified human resources and management.

Here I also would like to pay attention to the eventual conflict between cost and quality. In good
management you have to find the right balance here. This is also the case when you have a conflict between
short term and long term decisions. In my opinion the long term perspective must dominate when we are
dealing with nuclear power.

These are also questions that could be dealt with during the conference. I hope that after the
conference everybody has got something to think about, something to bring home and use for improvements
in their own company or power station. I also hope that a lot of new contacts between persons will be established
for long term exchange of experience and for long term personal relationship.

With so many experienced participants I am confident that the conference will be successful in
reaching its goal to contribute to excellence in performance in our nuclear power stations through quality.

On behalf of the Nuclear Generation Study Committee welcome all participants to the conference •
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THE SITUATION OF NUCLEAR POWER TODAY

by Hans BLIX, Director General
International Atomic Energy Agency (IAEA)

I would like to start my statement to you by summarizing my messages and then developing them.

The use of electricity is continuously increasing, especially in the developing countries. Concern about
an increased use of fossil fuel generation of electricity is growing. Targets for restraint in CO2 emissions are
demanded with increasing urgency and so are taxes on CO2 emissions. Conservation and renewables are
promoted but they will not by far offset the increased demand for electricity.

The growth of nuclear power has been stagnating except in the booming Far East, esp. Japan and
the Republic of Korea. There are a variety of reasons: In some countries cost, in others regulatory uncertainty,
inmost, public resistance linked to fears about safety and about waste disposal. The shortcomings in Eastern
Europe - the echoes of the Chernobyl disaster and the Sosnovy Bor incident - revelations about careless
disposal of nuclear waste from the military sector play a role. Discussions about non-proliferation after the
revelations from Iraq last year add some fuel on the anti-nuclear fire.

It is characteristic that atthe Rio Summit on the environment where climate change and CO2 emissions
were high on the agenda, hardly any speaker mentioned that nuclear power is one of the few significant ways
through which one can reconcile electricity needs and environmental concerns.

I submit this was not so because governments are unaware. Both the Paris and Houston summits
mentioned this reality. So did recently the German Minister of Economics, MOLLEMAN, who said that without
nuclear power German emissions of CO., might increase and not decrease by 2005. The reason for the
silence at Rio was rather that the conference operated by consensus and there was not much point in raising
a matter on which at present no world consensus is possible - even though most certainly a vast majority of
governments favour the use of nuclear power or, at least, keeping the option open.

Let me now give indications of what will -1 am confident - lead to a relaunch of nuclear power in a few
years time:

1. Economic competitiveness. Through design, financing methods, the relative competitiveness
of nuclear power will increase when the environmental price tag is included in the price of fossil-
fuelled generation of electricity.

2. Regulatory streamlining is underway in the US preventing a very unpredictable process of
licensing.

3. Operative safety is continuously improving globally through new mechanisms, national or
international. IAEA Operational Safety Review Teams. World Association of Nuclear Operators.

4. Safety in Eastern European nuclear activities will be broughtto satisfactory levels through major
internationally assisted means.
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5. International-standards of nuclear power safety and nuclear waste safety will emerge,
strengthening safety worldwide and perceptions thereof.

6. New generations of reactors will be even better than today's.

7. Non-proliferation commitments will approach universality, apart from the nuclear weapon
states - which all reduce their arsenals.

I shall now focus on some of the problems and prospects which I have mentioned and i begin with
safety of reactors in Eastern Europe, including the former Soviet Union.

There are 57 nuclear power reactors in operation and 29 under construction in this region. Most of them
are of two types designed in the former USSR: pressurized-water reactors (WERs) and graphite-moderated
reactors (RBMKs); there are three generations of reactors belonging to each type. To varying degrees, the
design and operation of these reactors do not conform to international safety practices common to other
nuclear power reactors. The Chernobyl accident - even after 6 years - stands as a scary symbol of the
shortcomings.

The reactors represent about 15% of the world's operating reactors and some 30% of the reactors
under construction.

The dependence of Eastern European countries on nuclear electricity is considerable. In 1990 the
nuclear share of electricity production was 51% in Hungary, 36% in Bulgaria, 28% in Czechoslovakia
(Russian Federation 12%; Ukraine 25%, Lithuania 45%, Kazakhstan 10% (est.); (Armenia 25% before the two
WER-440/230S were shut down)).

Governments may shut down some of them, but it is likely that many will continue to operate for some
years with a gradual implementation of high-priority safety improvements. Plans for major reconstruction to
permit long-term operation are being prepared and will need to be evaluated. The more modern WER1000-
MWe plants under construction or already in operation will also require some upgrading for long-term use.

What is to be done? Various bilateral and international efforts have alrealdy been started but I submit
a better co-ordination and cooperation is needed to avoid confusion and a waste of resources. It is necessary
in parallel to follow two basic lines of actions:

First: Bilateral or international projects must make strong use of the capability of institutions in
user countries and must address priority issues leading to immediate safety improvements.

Second: Whenever possible the basis for remedial actions must be comprehensive safety
assessments for each reactor type allowing a prioritization of safety measures and
development and evaluation of long-term reconstruction plants. Let me mention in this
regard that co-operating with the countries in question and making use of available
information and our own analyses, including on-site expert missions, the IAEA has
performed such a safety assessment for the oldest generation of WER rectors 440/230.
Studies of other reactor types have been initiated.

In addition it is necessary to strengthen the regulatory authorities in these countries.

All this will cost money. Analyses and assessments are comparatively cheap. But implementation of
hardware changes and improvements of operational safety will cost billions of Dollars over the next years.
The Munich G-7 Summit in a few weeks time I am sure will address the problem of nuclear safety in Eastern
Europe. A major and concerted international assistance effort is needed.
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Non-proliferation

Let me now turn to the efforts to prevent the spread of nuclear weapons to more countries. To some
people a fear of proliferation of nuclear weapons is part of their scepticism to nuclear power. In any case,
assurance against proliferation is an important condition for trade in the nuclear sphere. The past year has
seen both progress and a set-back in the sphere of non-proliferation. It is gratifying that in the past year,
Argentina and Brazil have bound themselves to non-proliferation and are opening up all their nuclear
installations for IAEA inspection. The Latin American nuclear weapon-free zone may come into operation
nextyear. South Africa, having adhered to the Non-Proliferation Treaty is also opening up for IAEA inspection.
Further, North Korea has now ratified an agreement with the IAEA providing for comprehensive safeguards
verification. With China and France having joined the Non-Proliferation Treaty, all declared nuclear-weapon
States are now parties to that Treaty. All this is progress. Theset-backoccurredinthe case of Iraq. Until IAEA-
led inspection teams acting under Security Council authority last year discovered a large programme for the
enrichment of uranium in Iraq no case was known in which clandestine violations of comprehensive
safeguards have occurred. This case has naturally and necessarily led to a searching debate about ways
in which the verification system can be strengthened and several measures are underway in the IAEA to do
this.

The verification system created at the end of the sixties was designed to fit the area where it was felt
that reassurance was most needed, namely advanced States which were or would be capable of making
nuclear weapons industrially. Verification under the NPT was focussed on the fissionable material, rather
than the nuclear programmes or nuclear installations. One effect of the concentration of control on the
fissionable material is, however, that today the larger part of verification efforts is aimed at Western Europe,
Canada and Japan - where there is a lot of nuclear material. We would like to achieve some of this verification
with less effort. A new partnership approach to the implementation of safeguards in the European Community
by the IAEA and Euratom would be helpful to achieve this. On the other hand, the case of Iraq showed that
the verification system must be geared to detect non-declared nuclear material, and to do so not only in
declared installations, but also in non-declared facilities. This is not so easy. The Iraqi multibillion dollar
programme was, of course, not declared. In fact, it does not appear to have been known even to foreign
intelligence organizations.

While it is not certain that inspection systems can be devised which would give 100% guarantee of
detection even of completely indigenous nuclear programmes in closed societies like Iraq, it is clear that
several measures can be taken that considerably reduce the risk of non-detection in these cases. The crucial
point is to obtain information giving clues about such activity. Inspectors cannot - and will not be allowed to
- roam the territory of inspected States in a blind search for possible hidden nuclear material and installations.
Measures are now being taken to obtain such information in several different ways: through more extensive
reporting to the IAEA of the export of all nuclear material and of sensitive equipment, through a more intensive
analysis of data obtained from the States concerned, through monitoring of the media and through Member
States which may be willing to share satellite or other data available to them.

Evidently, the information obtained will have to be assessed with great care to avoid false alarms and
unjustified inspection requests. Should the evidence leading to a request for a special inspection have been
misleading and no undeclared nuclear programme in fact be underway, the country can be expected to
acceptor even invite the inspection todispel the unfounded suspicions. Where the inspection would uncover
a nuclear programme which should have been declared, but was not, the State may well refuse any
inspection. Such a case would most likely pass through the Board of Governors of the IAEA and be
transmitted to the Security Council for appropriate action.

The break-up of the Soviet Union and the emergence of many independent States have raised several
non-proliferation concerns. These appear now to have been solved or nearly solved and we may expect all
these States except Russia to join the NPT as non-nuclear weapon states, accepting IAEA safeguard
inspections.
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There has been much concern and media reporting during the last year about the risk of nuclear
bombs, sensitive nuclear equipment and technology and nuclear scientists -trickling»from the now less
severely controlled States of the former USSR. With respect to the scientists and engineers, the right
approach must be the one currently being taken, namely to provide incentives for them to work in the peaceful
nuclear sector or in nuclear disarmament-related work.

The riskof clandestine transactions in nuclear hardware material and technology may indeed increase
in periods of disorganization. I must note, however, that despite a flood of reported cases, e.g. about red
mercury, no hard evidence seems to have been presented of cases which would be worrisome from the
viewpoint of non-proliferation.

Let me move from these problems of today to some issues of tomorrow.

Increasing the use of electricity is one of these issues. There can be no doubt that a growing world
population, economic development including a necessary increase of the standard of living in developing
countries, will need much more energy in the future. Over the past 15 years, total energy use increased by
more than 100% in developing countries, whereas in OECD countries total energy use was about constant.
The increase in the demand for electricity has been enormous, 240% in developing countries and 40% in
OECD countries, in the latter case closely following economic growth. In particular in OECD countries, the
use of more electricity is not only a matter of more convenience, like more electric household equipment, and
of more efficient production like use of industrial robots, it is also a matter of energy conservation and
environmental protection. Fast-running electric train systems have a potentional to replace part of the air
traffic. Electrified public transport systems could replace some individual car traffic in cities. Various
industrial heat applications e.g. melting or drying are being replaced by electrical technologies, saving
energy, reducing emissions and providing healthier work conditions. For many of the developing countries
the increase in the use of electricity is a matter of improving basic living conditions and helping in the struggle
for survival. Electric pumps bring water to the fields and clean water to the houses, refrigerators and deep
freezers keep food fresh, reduce spoilage, and thus improve health conditions.

An example: China has the ambition to ensure that each household has a refrigerator - a basic
improvement in the quality of life. But it requires a good deal of energy. Even with refrigerators of modest size
and of the most current and efficient model available, a base load capacity of some 20 000 MWe or 20 large
nuclear power reactors will be needed.

We must ask ourselves: -Where will this energy come from?» When already the present level of
consumption of energy has brought severe environmental damage world wide through acid rains and the
risk of global warming we must understand that there is tremendous tension between the demands for more
energy and the demands for the protection of life, health and the environment. Conservation will only offset
part of the increasing demand for electricity and economically viable renewable sources of electricity - apart
from hydro power - still seem far away.

We cannot change energy systems overnight. In the foreseeable future there will be an energy mix,
as there is today. Fossil fuels - coal, oil, gas - that now cover a little under 90% of the world's total energy use
- are certainly not going to be phased out. Nor is hydro - nor nuclear power.

Looked at from a global standpoint it is reasonable to suggest that the least developed countries
should be enabled to use the less demanding technologies, which are the fossil-based ones and that the
advanced countries should make greater use of the more demanding nuclear technology. In practice both
industrially advanced States and some of the more technologically advanced developing countries are at
present planning to use both more gas, coal and nuclear. Mexico, that is now operating one nuclear power
reactor and is scheduled to take another into operation in two years, is alsobuilding six coal-fired plants to
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cover its growing needs for electricity. China - while it is at present building a few nuclear plants - is also
planning to double its coal use by the year 2000. And India, which has a numberof nuclear plants, is planning
to treble its use of coal by the same year. The coal consumption of China and India together would then be
greater than the coal consumption of all the advanced industrialized States lumped together. This will not
reduce CO2 emissions.

A draft protocol to the European Energy Charter on principles governing the peaceful uses of nuclear
energy and the safety of nuclear installations and on co-operation in these areas states that «where
appropriate-, the environmental impact (of all new peaceful nuclear activities) should be compared to those
of alternative options. This is certainly an important statement and I hope that it will remain in the final
document.

As could be expected no such comparisons were made at the Rio UNCED Conference which limited
itself to advocating conservation and the use of environmentally -benign- energy sources - which each
country can interpret as it likes. Several countries suggested targets for restraints in CO2 em issions. However,
ambitious targets will hardly be attainable only through conservation and the use of renewable sources of
energy. A greater use of nuclear energy would be of significance. A figure will illustrate. If today's some 430
nuclear power plants were closed and the electricity which they generate were instead to be generated in
coal-fired plants, the carbon dioxide emissions into the atmosphere would increase by some 7 percent. It
shows that already at present nuclear power is relevant in the discussion of global warming. Even if it is clear
that nuclear power alone cannot solve the problem of restraining CO2, SO2 and NOX, its potential role is very
significant.

Present Nuclear Power Programmes

In most industrial countries nuclear power is now in holding pattern. In the booming economies of East
Asia the situation is different. In Japan the 43rd nuclear unit (unit 4 of Ohi) is due to be connected to the grid
and two more units (Koaskiwazaki Koriwa - 3 and Shika) are due to obtain criticality in November of this year.
In addition to the 6 units (including a Fast Breeder Reactor) under construction, work has also started on two
Advanced Light Water Reactors. In the Republic of Korea work has started last month on two new units
(Ulchin 3 and 4). At the ground-breaking ceremony, Korea's ambitious plans to build 18 new nuclear power
units by the year 2006 were reaffirmed. China will soon start its first commercial nuclear operation. Interest
in nuclear power is also rising in Indonesia and in the Philippines, where a plant which has been ready for
several years may be brought into operation.

I predictthat Western industrialized countries will return tonuclear power as an abundant environmentally
benign energy source. Technological improvements will help bring this about. Nuclear plant designers are
developing new approaches to address the issues of increasingly demanding safety requirements and
economic competitiveness. The large base of experience accumulated is being used and advanced
reactors are being developed for all principal reactor types, i.e. the light and heavy water-cooled reactors,
the liquid-metal-cooled reactors and the gas-cooled reactors. Developments are primarily of an evolutionary
nature but typically also incorporate innovative features such as passive systems to assure safety. In addition
new innovative reactor concepts are being developed.

Extensive consideration is also being given to human factors so as to enable easier operation of the
plant from the main control room. The goal is to minimize the potential for human error by providing a high
degree of automation for all situations and to design advanced nuclear plants which would have a minimal
off-site impact as a result of any accidents.
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Let me conclude: •

It is of crucial importance to satisfy the energy and electricity requirements of the world without
jeopardizing our environment and health, regionally or globally. Nuclear generated electricity has potentially
a much greater role to play than it does today to help achieve this. It is unrealistic to believe that conservation
and renewables will go very far to provide an economically viable answer.

Great efforts are under way to ensure that nuclear power safety is high everywhere, including Eastern
Europe. Living up to international standards will be required of all, both in the operation of power plants and
the disposal of waste. Further proliferation of nuclear weapons can be avoided and nuclear disarmament
is making headway. New nuclear technology is underway that will build on much experience gained.

The nuclear industry is readying itself for the challenge to come. The regulators must give clear signals
of the high standards of safety they require and through international measures these should be at the same
high level all over the world. The users should be alert to the changes which occur. Not least should they be
aware of the environmental price tag, that different modes of electricity generation carry •
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INTERNATIONAL CO-OPERATION 2.1.1
A MUST FOR NUCLEAR OPERATORS

by Walter J . COAKLEY, WANO (London Coordination Centre)

• ABSTRACT •

Cooperation among nuclear operators is almost a paraphrase of WANO's mission. "To maximise the safety
and reliability of the operation of nuclear power plants by exchanging information and encouraging
communication, comparison and emulation amongst its members". Our mission is implemented through
several programmes of cooperation that will be described in the presentation.

The maximisation of safety in nuclear power plants means much more than proper design, construction and
modification. Of equal importance is achieving standards of excellence in all aspects of nuclear power plant
operations. Such standards will not be achieved by writing a set of rules as to how, and how often something
will be done, but by bringing the best practices from all members of WANO to all of the others. The process
of comparing and emulating best practices has noend. The process is ongoing. It is not satisfied by reaching
levels of performance that are "good enough".

The programmes of cooperation that permit this communication and emulation are as follows:

• Exchange visits between nuclear power plant operators to see and compare practices in broad
or focussed areas

• Seminars and workshops on specific topics to learn how others have solved problems
• Event Reporting to permit members to learn from the mistakes of others
• Good Practices documents to learn from the success of others
• Performance Indicators to provide nuclear plant managers tools for comparison and decision

making

A basic point of philosophy for WANO is that a nuclear operator has not only an individual responsibility for
the safe operation of his plant, but also a collective responsibility for the safety of all plants in the world. To
be able to take up that responsibility every individual operating organisation must communicate with other
operators. Much of WANO's organisation, facilities, and working programmes are tailored to provide nuclear
operators with the tools for communication, comparison and emulation •
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1. GENERAL

Mutual self-interest was the motivation for the creation of WANO. The international nuclear community
recognized, after the Chernobyl accident, that every nuclear power plant operator was dependent upon all
the others in the world. The dependency was two-fold: First, public tolerance of nuclear power was
dependent upon the prevention of anymore accidents at any nuclear plant. Secondly, improving the quality
of operations in nuclear power everywhere depended upon cooperative sharing of the best management
and operating practices and lessons learned, wherever they might be found. Chernobyl brought about a
determination by the nuclear operators of the world to develop programmes of cooperation that would
transcend political and cultural boundaries.

This determination to improve the quality of operations through cooperation and mutual assistance
was a recognition that regulations, controls, technical specifications, and other similar prescriptions alone
cannot assure safety. The decision to work together was formalized when 321 representatives of utilities in
30 countries attended the inaugural meeting in Moscow, May 15,1989, to sign the WANO Charter. When they
signed they made a commitment to freely exchange information and to use that information to improve
nuclear plant safety and reliability and to support the WANO mission:

To maximise the safety and reliability of the operation of nuclear power plants by
exchanging information and encouraging communication, comparison, and
emulation amongst its members.

2. GOALS

Seven Long Term Goals were adopted at the inaugural meeting:

Promote the bilateral and multilateral exchange of operating information and good
practices among members.

Collect and maintain data concerning the operation of nuclear power plants and
make data readily available to WANO members.

Provide early notification to members and information on significant events.

Screen and analyse events that occur at nuclear power plants worldwide to identify
possible precursors of more serious events and disseminate the lessons learned.

Encourage sharing of methodologies and standards among members through
sponsorship of workshops, seminars and technical exchange visits.

Assist in providing technical and organisational support among members.

Maintain close cooperation with other international organisations such as IAEA,
working to promote safety and reliability of nuclear power plants.

3. PROGRAMMES

Several core programmes are operating today to support the mission and the long term goals. I will
discuss each of them briefly.

3.1 The exchange of operating experience information is primarily the transmittal of event reports.
Events that meet certain criteria are reported by the operating organisation, usually a utility, to
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the regional centre of which it is a member. The regional centre will review, possibly revise the
report and forward it to the other regional centres. There it will be reviewed and forwarded to
members as appropriate. The criteria for what should be reported includes the value of the
information as well as the consequences. A report of an event with no adverse outcome or a
"near miss" may be as useful as the report of an incident with serious outcomes. The underlying
causes of an event and the "lessons learned" may be relevant to otherwise unrelated events.
Also, the analysis itself may be of value to the managers of the organisation that reports the
event. Normally, when an event occurs, an initial report called an Event Notification Report
(ENR) will be prepared and sent to the regional centre within a few days so it can be distributed
as a "heads-up" to other operating organisations. After a fuller analysis of the event and the
underlying causes, an Event Analysis Report (EAR) is prepared and similarly distributed. The
quantity and quality of reporting is now quite good. Through 1991 atotalof491 reports had been
put on the computer network. Reports are now being made at the rate of about 200 per year.
All but 4ordinarymembers are connected to NUCLEAR NETWORK, acomputer communications
network hosted by the Institute of Nuclear Power Operations (INPO) in Atlanta, Georgia, USA.
We hope to have everyone connected by the end of this year.

Our emphasis now is on the use of the experience feedback provided by these reports. Is it
being appropriately used by the members to improve safety and reliability? This area will be
examined by WANO in the months and years to come. It is difficult to measure because one of
the potential outcomes of experience feedback is avoidance of events. Full use of operating
experience is not an easy goal to achieve but a most important one. For those nuclear
professionals dedicated to safe operation of nuclear plants, knowing and using operating
experience is as much an element of quality as any other facet of the word.

3.2 The second WANO programme I shall mention is the Operator to Operator Exchange
Programme. At the WANO inaugural Meeting this programme was given a good start. An
objective was set by the Governing Board for each of the 24 plant sites in the Moscow Centre
Region to have a reciprocal exchange visit with a plant in one of the other three regions (Tokyo,
Paris, and Atlanta). These visits provided the managers of all participating plants a chance to
see other approaches to managing for quality. It also established a foundation for future visits
and information exchanges. Since then exchange visits are taking place between plants of all
regions. There were 50 exchange visits in 1991 and 89 are planned for 1992. The focus of many
of the exchange visits is now on specific technical areas but the importance of keeping senior
managers involved is recognized. Another part of the Operator to Operator Programme is the
schedule of inter-regional and regional workshops and seminars. These focus on specific
subjects and are opportunities to work together and share ideas on various topics. Twenty-two
workshops or seminars were held in 1991, 15 have been planned for 1992. An Operating
Experience workshop in Helsinki in February was very useful in highlighting possible areas for
improvement in experience feedback.

3.3 The third core programme is the distribution of Good Practices. Techniques and practices that
have proved effective in promoting safe and reliable operation are published as WANO
documents. There are 27 WANO Good Practice documents at present. They address quality
improvement areas such as Root Cause Analysis, SafetyRelated Motor Operated 'valve Testing
Surveillance, and the Use of Safety and Q.C. Patrols. We also encourage the identification of
good practices for publication during exchange visits and workshops or seminars but, to date,
we have not published from this source.

3.4 The fourth programme is one that UNIPEDE helped start. The WANO Performance Indicator
Programme was instituted in 1989 but the first report was published in 1991 with data collected
in 1990. This programme was able to start up fairly rapidly because we were offered the use
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of the indicator definitions that had been developed by INPO, UNIPEDE, and various other
groups and committees. The ten WANO performance indicators have been defined for most
reactor plant types. Work remains to be done in applying the definitions for chemistry index,
safety system reliability, and fuel reliability to a few additional reactor types.

There are occasional anomalies in the application of broad definitions to many nuclear plants
but the information is quite useful both for comparison and trending by individual organisations.
The WANO indicators are intended principally for use by nuclear operating organizations to
monitor their own performance and progress, to set challenging goals for improvement, to gain
additional perspective on performance relative to that of other plants, and to provide an
indication of the possible need to adjust management's priorities and resources to achieve
improved overall performance. For 1991, 97% of our members reported data for five or more
indicators. Over half are reporting data for all ten indicators, which is quite good for this stage
of the programme.

4. PROJECTS

In support of the goals and in addition to its established programmes, WANO currently has two
additional tasks or projects. I am referring to a project of technical assistance for VVER 440 Model 230 reactor
plants and, specifically, thethreeactivitiesof the WANO assistance teams working with the Kozloduy nuclear
plant in Bulgaria. These consist of an Outage Assistance Team, a Program Implementation Unit for contract
matters), and the Twinning activities with Bugey (EDF). Also, WANO has introduced a voluntary Peer Review
Programme with Pilot Peer Reviews being conducted in 1992 and 1993 at up to seven or eight plants. WANO
Atlanta Centre has lead responsibility for the pilot project with team members from all regions.

5. COOPERATION

One goal that is not addressed under a specific programme or project is the goal for cooperation with
other international agencies. We do have a good relationship with the IAEA and other international agencies
involved in the safety and reliability of nuclear power plants. We attend as many meetings as we can on
matters of mutual interest. As an organization of operators we do not work with the governments as the IAEA
and other organizations do. As a consequence we seldom find conflict or redundancy in our respective roles.

6. SUMMARY

The formation of WANO was a timely response to a call for cooperation within the international nuclear
community. The relationships are sound and they are relatively unaffected when political changes take
place. The commitment by the world's nuclear operators to the mission of WANO has been impressive. It will
continue to be an important factor in the nuclear community's efforts to enhance quality and thereby enhance
safety and reliability on a global scale.

42 Part 4 • Session 2



THOUGHTS AND IDEAS ABOUT MANAGING 2.1.2
A SWEDISH NUCLEAR POWER PLANT

by Leif BERGSTROM - BarsebSck Nuclear Power Plant
SWEDEN

ABSTRACT

The Swedish Nuclear situation has been very up and down during the last 1Q years. For the moment however
- we hope this will last - we have a good political agreement that no plant will be shut down before the economy
and energy situation will allow it.

These ups and downs have mostly been bad for the industry but in one aspect, we can see an advantage.
The situation has made the people working on the power plants keep together and be very loyal to the
companies.

Otherwise, to run a NPP is very similar to running a medium size industry, because in Sweden all NPPs are
run like profit centres and in some cases as a separate company.

This means you must have a vision about the future of the plant. You must have a business idea. You must
have goals and a strategy to reach the goals.

When it comes to goals in a NPP you need a safety goal, you need a goal concerning the availability and you
need a goal for the economic result in the plant.

The strategy to reach these goals depends very much on the competence and morale among the personnel.
Very important is also the maintenance and reinvestments philosophy •
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In Sweden there are four Nuclear Power Plants and they are of course separate especially as they are
owned by different utilities. This presentation will therefore gives much of the views and examples that are
connected with management philosophy of the Barseback Plant.

There are, though, some aspects of nuclear life in Sweden that affect all the plants in the same way.

First, there is the relation between the plants and the Swedish Nuclear Power Inspectorate (SKI). The
SKI has chosen to be a rather small organization, approximately 100 persons, and this means that they do
not have resources themselves to solve nuclear safety problems in detail. They work very much in a general
way, stressing that it is the responsibility of the utilities and the plants to take care of nuclear safety, both for
short term problems and long term ones. The SKI will be there to constantly remind them of their
responsibility.

In Sweden we are quite sure that this way of dealing with nuclear safety is effective. The reason is that
you as a manager of a nuclear power plant feel very responsible and that the level of safety is up to you and
your organization. You can not blame the SKI if anything is forgotten. If you on the other hand have a situation
where the authority often gives you more detailed instructions there may be a tendency for the management
in the NPP to blame the authority if anything goes wrong.

The second thing that is rather general in Sweden is that the power plants can work quite
independently within the utilities. A plant manager is responsible in the plant for all aspects, including safety
as well as availability and the economy. To meet this responsibility, he is also given quite wide frames to
decide what resources, in all aspects, should be used.

The debate in Sweden whether we should use nuclear power or not, and for how long, has helped the
management at the power plants in some aspects. It gives the people that work in the plants "fighting spirit"
since they are convinced that the benefits of nuclear power by far out weigh the risks.

On the other hand, this situation very often puts the managers into a defensive attitude. Having to
answer the people that criticize nuclear power or are afraid of it, it is easy to come into a situation where you
deny all risks and act like a Superman.

That is definitely one thing we have to be aware of in the business, we are not Supermen. Complacency
can be the very thing that leads to serious mistakes.

The staff at Swedish NPPs are very stable, the turnover is low. In most aspects this is good, because
it means that people in general are very experienced in their different positions. Unfortunately it also can lead
to expressions of complacency, "you think you know all there is to know about nuclear power". If you look at
it in terms of efficiency, you can also see that managers on different levels start building little walls to protect
their area of responsibility.

After these general observations about conditions for managing an NPP in Sweden, some thoughts
about managing Barseback NPP.

Barseback NPP two units came into operation 1975 and 1977. The first years were not very
complicated from the management point of view. The nuclear technique was new to all in the plant, and the
overall goal was to get the units on-line in a safe way. If you compare it with football, it looked like a match
were every player was trying to get the ball at the same time.

After these exciting years there was a period of very stable operation and high availability figures. But
the organization also started growing a little year by year. One reason was the demands coming from the
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outside, but another reason was also the "self-invented" bureaucracy. In numbers, the first years we were
operating two units with approximately 290 people. The last 3-4 years it has stabilized at around 350 people.

From the middle of the 80's it became evident that it was not enough to manage the plant only around
the technical issues. You have to take care of all other matters that come with operating a business which
involves 350 people and an enormous money investment, and along with this the fact that the public opinion
and the media watch you very carefully all the time.

This has made us operate the Barsebacksverket as a profit centre within the utility since then, and this
is an ongoing process.

The traditional way of doing business is to have a Vision, a Business idea, Goals and Strategies to
reach the goals.

The Vision is to be an excellent Nuclear Power Plant in every aspect of the word excellent.

The Business idea is to produce and sell base load electrical power.

We have three general goals for the Barseback NPP, the first is Safety, the second is Availability and
the third is Profit. All three goals can be measured so you can see if you have reached them or not.

To set the goals is not so hard. You get the hardest work communicating with the goals, and make them
known by everyone in the organization.

The strategies to reach the goals consists of:

Keeping the organization small. In our case there are just now around 350 staff members for
the whole plant.

"Ownership", that means delegating the responsibilities foroperation, maintenance engineering
etc, to the lowest possible level in the organization.

Trust contractors, that means educate contractors to the level that they can take a good portion
of the responsibility for the work they are performing during the outages. This strategy leads to
the fact that we use the same contractors for long periods if we are able to make fair commercial
deals with them.

High moral standards in safety issues, leading to a good and correct relation with the Swedish
Nuclear Power Inspectorate.

An open mind to improvements and retrofits in the plant, whether for safety, availability or profit.
It keeps the plant young. It stimulates creativity among the staff, and contributes to maintaining
competence.

Last year we started something you could call an organization development program.

We are strengthening our strategies in a number of ways:

We want to use operations people more. All work that has a natural connection with controlling
and observing the power plant process during the operation should be done by operations
people. This could on sight lead to an even smaller staff at the plant.
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The tradition has made our hierarchical organization very strong. Up to the point that the
different departments start building little walls between them. We are creating a strong project
organization that works over the organization borders. The number of hierarchical levels in the
organization is also being reduced.

We have a program to challenge our managers at all levels to take all their responsibilities as
managers. Among other things we are trying to convince every manager to set goals for the work
that they are there to encourage people to manage.

We are trying to give the word quality a meaning that goes further than producing and following
manuals. Quality is the motivation and willingness by every individual in the organization to do
all aspects of their work in a way that fulfils all the goals of Barseback NPP. Another way to say
this is that we are striving against Total Quality Management.

We are trying to strengthen our safety culture. To do this, we are focusing much more on the
human aspects of the interaction between the man and the technique. We have to recognize
that all problems that occur in a NPP cannot be solved by fixing the machines. You must also
motivate, educate, train and sometimes correct the humans who work with the machines.

As a conclusion to these thoughts about managing a NPP, one could ask: "Isn't Barseback NPP doing
enough? It has availability figures over 90 % year after year. It is giving good profits and is considered to be
a safe plant". The answer would be that it is only if you search for perfection and are aware of the risk of
complacency that you have a fairly good chance of staying among the plants that are considered to be good
Nuclear Power Plants.

46 Part 4 • Session 2



WHAT MANAGEMENT FOR NUCLEAR GENERATION? 2.1.3

by Jean-Pierre BERGERON - Electricity de France
FRANCE

• ABSTRACT •

For EDF, as for any other undertaking, the ambition to train management staff can only be considered as the
final aspect of in-depth reflection by the undertaking as to its vocation, its environment and its resources.
This need for reflection brings out the essential challenge for management, which is to transform human
resources, placing them in synergy and turning them into forces to develop the undertaking. We must
become aware that the legitimacy of power, its vocation, is now no longer based on competence in managing
systems and techniques alone but also primarily on the capacity for mobilisation of the workforce, an
essential criterion for all managers, and they must be constantly vigilant and attentive to the risk of
demotivation as well as to opportunities for involvement.

These are the principles which guided the introduction of training for, among others, managers in nuclear
maintenance.

Three main parts:

1. Giving a meaning to everyday action (4 weeks)
2. Controlling the system so as to innovate (5 weeks)
3. Determining the place of the personnel and motivating (4 weeks).

1 . Giving a meaning
• The challenges of nuclear energy
• Quality
• Systemic approach and resolution of the problem
• Nuclear safety analysis of anomalies in the maintenance field

2. The system • innovation
• EDF as an undertaking
• Its external environment
• Nuclear maintenance policy
• Management: optimising the costs of this maintenance
• Legal and contractual frameworks

3. Personnel
• Assessment
• Role of managers in training
• Group work
• Behaviour in meetings
• Negotiations •

Part 4 * Session 2 47



WHAT MANAGEMENT FOR THE COMPANY?

For Electricity de France (EDF) as for any firm, the desire to train executives in management can only
be conceived as the result of the Company's in-depth reflection about its vocation, environment and
resources.

This reflection approach highlights the basic aim of management which is to transform human
resources for synergy purposes and to turn them into development forces for the Company. There must be
awareness that the legitimacy of power, or better still, of authority, its vocation, are no longer based solely
on the management of systems and techniques, but must henceforward be based first on the capacity of
staff mobilization, an essential selection criterion for any manager the vigilance and sensitivity of whom must
at all times be attentive to the risks of demotivation and to involvement opportunities.'

To acquire this capacity, the manager cannot afford to do without an analysis of Company operation,
as a "community of people", living and developing through four "tectonic layers":

1 - At the base, the facts, the concrete reality, which are imposed on each one in his activity. They are
palpable, visible, obstinate, and obey laws (physical, economic.) and states (a valve is open or
closed, the Company's long-term debt comes to such or such a figure...) acknowledged by all as
unquestionable once they have been pinpointed and measured.

2 - Each one of the people working on these realities is unique, with his individual, more or less explicit
projects, his qualities and his shortcomings, his aspirations and his reservations, his moods and
opinions. Each person has his own perception of the balance between security and initiative,

. , . „ autonomy and dependence, individualization and solidarity.

3 - The Company, like every undertaking, has deemed it necessary to lay down rules and to build a
structured system for the purpose of providing each one with the more or less compulsory framework
for exercising his responsibility (at EDF, the "NATIONAL STATUS" governs relationships with the
personnel; the QUALITY ASSURANCE system, in the nuclearsector, guarantees the safety of facilities
for each of EDF's activities). This collective law is often written, sometimes oral, made up of habits and
reference logics, which constitute a genuine Company culture.

4 - This collective organization system has no reason to exist other than by reference to a general sense:
the fundamental reasons for action, the general goals to be reached or, more globally, the common
"myths", the shared values and the project which supports all action.
Are we placing stone upon stone, raising a wall or building a cathedral to the glory of the Creator?
Are we tightening the bolts on a pump casing, ensuring its leaktightness for subsequent operation,
or guaranteeing, in a lasting way, the functional role of this equipment with regard to nuclear safety?

Once the manager has grasped an understanding of the facts, people, system and meaning, and is
aware of the risks that may result in any discrepancy or inconsistency between these four "tectonic layers",
he must set a priority goal for himself: give a meaning to each reality and to the action of each individual in
the Company, or in other words, help each one to play a genuine role within the Company.

This goal imposes four requirements on the manager:

1 - being able to grasp an understanding of the facts and realities in an objective way,

2 - understanding people and their aspirations, making use of signals and knowing how to analyse them
so as to assess the contribution of each one of them, with joint solidarity and efficiency and to reach
clear contractual objectives,
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3 - control the system so that it is not out of phase with the goal, a situation which would soon become
unbearable ("out-of-phase Company"),

4 - continually explain the general sense of the action so that each one can be assured that his initiatives
correspond to common orientations.

I have chosen to present you with, among a good many others, the training system set up for PWR
nuclear maintenance service executives at EDF to help them to meet these four requirements.

It goes without saying that the efficiency of such a system cannot be obtained unless the management
modes throughout the Company are consistent with the principles and requirements just mentioned and
correspond to a general delegation policy aimed at making all those involved aware of their responsibilities.

Because EDF has resolutely adopted this type of policy, by expressing it every day more concretely
in its decisions and its organization choices, I believe in the training process that I am now going to present
to you.

WHAT TRAINING FOR MAINTENANCE EXECUTIVES?

GENERAL MOTIVATIONS

Two main ideas make it possible to understand the sense of the training process that has been set

up:

1.1. A management training process must place emphasis on strong skills common to all the trades and
not specific to the field of maintenance.

Indeed, how can one imagine a manager being able to provide a general sense to action if his training
confines him solely to the problem of maintenance, exclusive of any other centre of interest?

How can one hope for him to control the "system" if he does not perceive the "customer-supplier" type
relationships linking maintenance to other fields of activity, if he is unable to analyse the system
operating problems inherent in the maintenance-generation interfaces?

1.2. Of course, the maintenance executive will have to proceed with a systematic analysis of the
maintenance entity within the Company.

He will also have to study the man-system interface in a maintenance environment which has its
specific characteristics, in order to have a better understanding of the people involved and their
aspirations.

Quite simply, to manage the system, it will be necessary to get right into it and dissect the operating
mechanisms.

This naturally means proposing a training organization which:

- develops general management skills common to the various trades: group work, problem solving
methodology, conducting meetings, negotiation, assessment interviews, oral expression,
communication,
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- develops, separately for each trade and therefore for maintenance, within the framework of re-
created situations, task force formation, the understanding of internal mechanisms, man-system
interfaces.

The first type of training action is generally organized locally in nuclear generation facilities, on the
initiative of those in charge of these facilities; this is consistent with the decentralization policy
advocated by EDF Management.

The second type of training action sometimes poses organization problems on a local basis
(inadequate flow of executives to be trained locally): a number of training actions are therefore
organized in a centralized way.

2 - THE MAINTENANCE EXECUTIVE "SUBJECT" OF HIS TRAINING

The definition of the Individual Training Plan of each executive is made, on the basis of the general
system, within the framework of an executive-hierarchy negotiation which makes it possible to compare the
hierarchical assessment and the self-assessment.

Can one expect an executive to evolve towards the role of manager if one confines him to a "training
object" position instead of asking him to become the SUBJECT of his own training? It seems obvious that the
answer is no.

THE GENERAL TRAINING PLAN

GIVING A MEANING

TO THE ACTION

6 wks

MASTERING THE SYSTEM
FOR INNOVATION

10 wks

DISCERNING THE PLACE

OF PEOPLE AND INNOVATING

3.5 wks
+ transverse
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3.1 The meaning

An EXECUTIVE PROMOTION PREPARATION session lasting two weeks, common for all EDF
executives and carried out upon promotion to the executive college

PURPOSE: POSITIONING IN THE EXECUTIVE ROLE AND SHOWING THE OPERATION OF

THE EDF COMPANY

THEMES:

• Missions of the Company's various entities,

• The "client-supplier" relationships uniting them,

• The executive's role.

N.B.: The following training actions will be implemented following a period of exercising executive
responsibility. This period will be more or less extensive according to the potential of each
individual.

A training action lasting four weeks, common to all PWR nuclear executives.

PURPOSE: MAKE THE EXECUTIVE A HIGH PERFORMANCE MANAGER IN A MODE OF

GOVERNMENT BY POLICIES

THEMES:

• The Company's priorities

• Strategic orientations

• The policy concept

-> The analysis of policies in the maintenance field (this part is the subject of a specific
approach for maintenance executives).

• The internal organizations of EDF presented and analysed through a systematic approach and
documents in the field of sociology of organizations.

3.2 The system

A MAINTFNANCE SAFETY ANALYSIS AND FEEDBACK session lasting fiweeks developing analytical
concepts common to the various trades (control, maintenance,...) in pedagogical situations that are
mostly transversal, but may sometimes be specific for maintenance executives.

PURPOSE: DEVELOP ANALYTICAL CAPABILITIES AND REINFORCE FEEDBACK TO

IMPROVE ORGANIZATION

THEMES:

• The quality approach. The Quality Assurance system.
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• The safety approach. Its application within a PWR nuclear maintenance context.

• A problem solving and analytical methodology to deal with any anomalies and abnormal operation
observed, to provide remedial measures and enrich feedback, and also to prevent any risk to
safety during maintenance operations.

• Making participants aware of the importance of human factors.

• Specific characteristics of the analysis of safety and radiological protection risks and instilling
awareness of the executive's legal responsibility in this area.

A four-week PROJECT SUPERVISION session applied to the mastery of a PWR nuclear unit shutdown,
lasting 4 weeks. This session is intended for maintenance will be necessary to call upon the skills of
control, management and other fields.

PURPOSE: ENABLE THE EXECUTIVE TO BE RESPONSIBLE FOR A COMPLEX PROJECT
(maintenance site common to several specialities, with substantial cost and
presenting potential risks).

THEMES:

• Understanding methodologies concerning project supervision.

• Information dispensed according to the problems encountered by the group of trainees in their
project supervision:

planning methods,
inspection implementation methods,
general corporate economics,
forecast management and follow-up,
participation in procurement,
invitations to tender for service providers.

3.3 People

"* The executive's capacity to WORK IN A GROUP is developed continuously throughout the previous
sessions the duration of which permits this type of training.

The following sessions, intended for all PWR nuclear executives, are organized locally, in coherence
with the management training plans implemented in a decentralized way by those in charge of the Units.

"* A DELEGATION and INSPECTION session lasting one week

PURPOSE: DISCERNING THE CONTRIBUTION OF EACH ONE, "ACKNOWLEDGE" TO

MOTIVATE

THEMES:

• Assessment interview.
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"* A NEGOTIATION session lasting one week

PURPOSE: SUCCEEDING IN NEGOTIATION

THEMES:

• "Reasoned negotiation": seeking the best agreement possible (all the parties involved come out
winners).

• Three stages: prior analysis of the situation, developing a strategy, discussion.

• The four basic principles.

• What to do if the adverse party does not fall within the same logic?

"* A two-dav TRAINING session

PURPOSE: SITUATING ONE'S ROLE IN THE TRAINING APPROACH

THEMES:

• The training requirement analytical approach.

• The internal and external training system.
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MOTIVATED EMPLOYEES PRODUCE HIGH-QUALITY WORK 2.2.1

by Eberhard WILD • Bayernwerk Aktiengesellschaft
GERMANY

« ABSTRACT «

Various quality assurance measures guarantee the safe design and construction of a plant.

However:

High quality, reliability and safety are daily requirements.

The results are positive with a well-trained and highly motivated operational staff.

Factor personnel qualification

Basic and general training as well as retraining lay the foundation for personnel qualification. Authority
regulations form the framework.

Factor organization

.By-deiined competences and clear responsibilities the employees identify themselves with their task. The
"4 eyes principle" (redundant supervising) in operating provides for permanent control. In addition, agents
control and advise.

Factor work flow

Consequent preventive maintenance and periodic testing ensure reliability. The return of experience of
company-owned and other plants has to be utilized. Computer-aided operational control systems are used
to a greater extent •
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1. INTRODUCTION

The design of nuclear power plants has been discussed all around the globe. Safety objectives have
been defined, step-by-step safety concepts have been developed, safety standards have been compared.
Comprehensive theoretical and experimental analyses have been conducted in the past three decades.

Based on physical, chemical, mechanical and electrical data, there have been comparisons, easy
discussions and improvements too. All over the world tens of thousands of scientists and engineers have
developed and produced a hightech product. This was quite a success.

If one suggests that a high-quality product was manufactured and experience acknowledges this, in
all probability essential failures can be excluded. In addition, thedaily operation of light water reactors shows
their quality.

I thus venture to suggest the following thesis (1)

"Redundant and step-by-step safety systems as well as extremely in-depth safety analysis are not
necessary with high-quality products."

2. SUBJECT

Design errors did not primarily lead to discussions about nuclear technology but human lapses. I may
remind you of:

SL l-accident
TMI

Chernobyl.

Thesis (2) ensues from thesis (1):

"If daily operation and maintenance are performed in a responsible (2)

and conscientious way, no insecure operational status that could lead to accidents will occur."

Thesis (3) follows immediately from thesis (2):

"Reliable plants are safe, safe plants are reliable." (3)

A reliable and possibly trouble-free plant operation is the result of quality work in the ongoing
maintenance, especially during outage. Only employees who enjoy their work do produce such a result. It
is the task of the management to create the necessary framework to motivate the staff for years.

The following items lead to a positive motivation of the staff

an organisation that is obvious to each employee
a suitable allocation of tasks
vocational and adequate training to fulfil the tasks
the recognition of the individual job
the knowledge that the management backs the individual and thinks alike
a sufficient budget to perform maintenance work
a success that can be recognized in the individual work as well as in the plant result
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3. ORGANIZATION AND STRUCTURE

The employee seeks to feel part of the organization and to have an adequate position. In general, the
following applies:

the company management and the plant management have to stick to safety and quality work
the organization has to be obvious with clear lines of authority
sufficient staff has to be available for the work to be performed

In most cases the teams of a plant bear more or less responsibility themselves within the overall
organization of the operators. The allocation of responsibilities and tasks between the head office on the one
hand and the plant on the other hand as well as their mutual cooperation have to be defined clearly. Any
insecurity over who is to perform a certain task leads in the short or long term to misunderstandings, anger
and finally to the demotivation of those involved.

Please let me prove these more abstract statements by details from our company using the example
of the Grafenrheinfeld nuclear power plant:

4. ORGANIZATION, NUCLEAR POWER DIVISION OF THE HEAD OFFICE

The nuclear power division of the Bayernwerk AG, Munich, has the following main responsibilities:

planning and realization of greater plant improvements and backfitting measures

management of new and spent fuel and radioactive wastes
responsibility for the overall budget
handling primary safety issues using the experience of all plants of the company as well as by
the national and international exchange of experience in so far as it is not performed from plant
to plant
performance of licensing and more important backfitting procedures
and last but not least quality assurance as one of the management tasks.

The staff members of the departments of the nuclear power division are highly qualified specialists
with a wealth of experience. The intense cooperation between the staff members of the individual
departments is an important item for their motivation. There must not be borders. Regular meetings such as
those:

between the Board and the head of the division,
within the nuclear power division, and
project meetings

take place and are necessary.

5. ORGANIZATION OF OPERATION

The main responsibilities of the operational staff are:

operation in accordance with licenses and other requirements
performance of periodic testing and preventive maintenance
planning minor plant improvements and performance of backfitting measures
evaluation of operational experience of own and other plants
quality assurance of the work performed-environmenta! protection.
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The organization is supplemented by organizational charts and job descriptions. The essential
organizational charts are:

description of the plant organization
control room and shift rule
maintenance rule
radiation protection rule
guard and admittance rule
fire protection rule
first aid rule

The cooperation within the plant is mainly through direct personal contacts and established regular
meetings such as:

daily morning meetings
heads of department meetings
shift manager meetings
discussions of the master craftsmen
regularly scheduled meetings on certain subjects
meetings of the whole operational staff.

By this manifold exchange of experience within the operational staff problems are recognized and
preventive measures can be taken in time.

6. COOPERATION BETWEEN HEAD OFFICE AND PLANT

Another important means of motivation is close cooperation between the head office and the plant.
Within the scope of fixed budgets it proved successful to grant the plant a fairly high degree of independence
as far as routine issues are concerned. This is also true for the annual performance of the refuelling outage.
In certain backfitting measures or larger changes the responsibilities are divided between the head office
and the plant. If the plant is in charge of the performance, an employee of the plant is responsible but there
is still a contact person in the head office. The same is true for the opposite case.

If there are larger more complicated projects that require the involvement of different departments of
the head office or cause more extensive expenditures, these are normally handled by the nuclear power
division.

The cooperation between the head office and the plant is ensured by direct personal contacts and
special meetings.

The head office and plants have quality assurance manuals. Both quality assurance systems are
supervised by mixed audit teams. This is another example for the extensive right of co-determination and
participation of the plant.

The plant manager reports directly to the head of the nuclear power division, special cases are
reported to the member of the board in charge. He can decide freely about this. He has the right to intervene
at any time.

By the monthly and annual status reports of the plant and by regular meetings of our plant managers
with the head of the nuclear power division the information exchange is ensured from the head office to the
plant as well as vice versa.

Part 4 • Session 2 57



7. FLOWCHART

Daily accuracy especially as far as problem-oriented just-in-time maintenance is concerned determines
the safety of the plant. Fixed rules and procedures in the daily and annual schedule are a prerequisite. They
lead to a positive result if the employee has a means to discuss his problems and suggest improvements
from his individual range of responsibility. The hierarchic organization has to be permeable from bottom to
top i.e. the hierarchy is upside down.

This is shown with 3 examples:

Excellent methods to activate the motivation of the individual employee are quality circles and
premiums for suggestions for improvements. Besides, quality circles are an important means towards the
cooperation of employees and the understanding of mutual problems.

A second example:

The motto of each working day will always be the same but it has to be repeated daily:

"Anything and anybody serve the reliable and safe plant operation."

All divisions of the head office and those of the plant are service institutions for the present shift. The
present shift manager may request these services at any time if he thinks this is necessary. He is merely the
important centre for the daily and annual operation. This concentration on a medium level within the
hierarchical pyramid enforces the shift managers in their responsibility for the plant, gives them strength and
success during their daily work.

A third example:

The annual refuelling outage decides the quality of the operational year. Thus, anybody who has to
bear responsibility for trouble-free operation for his individual part has to be free to decide on maintenance
measures. I therefore do not favour central rules for the performance of the annual refuelling outage.

Clear allocation of tasks within the hierarchic organization and problem-oriented cooperation have led
to an extensive identification of our staff with the plant and thus to strong motivation.

8. TRAINING AND INFORMATION OF THE PLANT STAFF

Special qualification and up-to-date plant knowledge make the employee trust in himself and be
conscious of his tasks.

Already during the plant construction period the staff has continuously been built up and thus a great
deal of experience and know-how has been gained too.

Each organization is as good or bad as its staff. Even bad organization can be undone by motivated
staff. Thus, it is important to use the right employee for the individual task. As any manager is daily in charge
of his staff members and is responsible for their performance, it proved successful that the immediate chief
of the applicant participates in the decision when someone is hired. This increases his sense of responsibility
for the future employee and creates a special trusting relation in the future cooperation.

It is important to gain adequately qualified personnel for the plant.
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The longer a plant is in operation, the more it is important that the staff is duly instructed and trained.
This is especially true for new staff members, who did not take part in the construction of the plant. There are
usually systematic training programs. For our plants they amount to:

leading personnel: 110 h/a
shift leaders, reactor operators: 150 h/a
other qualified technical personnel: 40-60 h/a
educated worker: 30 h/a

These times apply apart from the training on the job.

The national and international cooperation in external commissions and with the supplier of the plant
are of great importance, too.

Only an employee who is motivated seeks to have a state-of-the-art knowledge and has a willingness
to study.

9. BUDGET AND EQUIPMENT

The most important instrument for the reliability and thus safety of the plant is probably a budget with
sufficient financial means.

The staff members responsible for the maintenance of the plant have to be capable of taking the
measures, for which they are responsible. However, this does not mean that economical point of views do
not have to be considered but in the end lack of sufficient financial means paralyzes any positive approach.

The same is true for devices and equipment starting with wrenches up to costly equipment.

Planning the annual budget for the operation, maintenance and for examinations, we give priority to
our operational staff. The budget is then supplemented by requirements as proposed by the head office.
Thanks to reliable and efficient operation of our power plants, no luxury measures are included within the
annual budget, but all those work is performed that has been regarded necessary by the staff members
responsible for maintenance.

Computer-assisted systems, as they have been increasingly introduced into the daily work of quality
assurance during the past years, are an efficient support and at the same time facilitate work for periodic
testing and maintenance measures.

10. CONCLUSION

A hierarchic organization and flow chart are essential prerequisites for good working conditions. Each
employee must know that apart from his hierarchical position his work is important and essential for the overall
result. As a team member he identifies himself with his work, bears his share of the overall responsibility,
contributes by proposals.

The German procedure may differ from others in that respect. I believe it is a mistake to proceed only
according to check lists. This surely is the right method for routine and difficult operational tasks. TMI has
also led to comprehensive and detailed operational manuals in Germany.
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With preventive maintenance and plant improvements that are mostly connected to special situations
and events, the knowledge of the staff members is needed. According to my experience too much formalism
in such cases may rather demotivate. The balance between rules and creative work must be achieved.

The German training system allows for a guided procedure that is not binding in detail but favours
creativity.

The profession that an employee chose at the beginning of his life is mostly the one he works in for
all his life. This is not only a job to earn one's living that one leaves if one finds a better one. The individual
considers it fairly as a vocation, the German term "Beruf" is derived from it.

The staff member is proud to achieve good results in his profession. The personal freedom in his daily
work with good framework conditions is - in my opinion - the essential argument for the identification of a staff
member with his tasks and the main incentive for his positive approach.

If this success is appreciated within the company and recognized publicly, this finally leads to
outstanding operational results.

The bonds of our staff with their work and their work place is also shown by:

long membership of employees in the plant
minor fluctuations within the staff
residence of the staff members in the neighbourhood of the plant.

Adequate and fair pay is naturally another essential condition for a positive approach of the employee
towards his work. In Germany pay and social services are good.

In addition, the operators grant fringe benefits that exceed the agreements between employers and
trade unions.

The members of the works council who are mediators between the employers and the employees play
an important role within the company. Their task is to care for social peace in a company. An effective works
council does not only handle pay questions, but also informs about the work layout and industrial safety.

We would be mistaken to base the operation of a nuclear power plant merely on the willingness and
know-how of individual employees. Besides the "four-eye-principie" that forms the basis for the hierarchical
organization and the flow chart, there are naturally advice and directions by superiors as well as control
devices.

If control is accepted as a helpful means by the employee, it does not prevent trustworthy cooperation
and leads to an even higher quality of work.

The results of our plants acknowledge our procedure. Our nuclear power plant at Grafenrheinfeld,
which has been audited by OSART with a positive result in November 1991, is one example for it.

The main items are:

high plant availability
no reactor scram within the last 4 years
short outages for annual refuelling with an average 35 days
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EVOLUTION OF ORGANIZATIONS TO ENHANCE/OPTIMIZE 2.2.2
THE INTEGRAL MANAGEMENT OF THE NUCLEAR POWER STATIONS

by Francisco BILBAO SAAVEDRA • IBERDROLA I, S.A.
SPAIN

ABSTRACT

The management of the nuclear power plant has been mainly subjected to meeting the technical and
regulatory requirements coming from either their great technical complexity or the sociopolitical pressure,
which has led to the development and implementation of a "Culture" firmly based on reaching a level of
excellence in parameters such as "Safety" and "Reliability".

This statement has defined very strongly the organizations of these power stations, their profile as well as
the behaviour "indoor" and "outdoor", which in many cases has turned into a very tight/strict policy approach

It could be said that some other parameters/cultures/concepts, have not been applied at the same pace,
which in turn has meant some shortcomings in reaching the quality of management currently demanded.

In this paper, we try to point out the chance, at this time of overcoming the challenge, imposed by the
upcoming demands, of recuperating/rediscovering/implementing a more adequate environment based on
a policy approach backed up by concepts/topics such as:

• Competitiveness
• Client (Indoor - Outdoor)
• Team Work
• Communications
• Work-sharing
• Integration
• Support/Cooperation

This requires application of the adequate strategy to discover and acknowledge the shortcomings/
deficiencies, define the necessary training and set up the convenient policy to incorporate the best measures
to overcome the current situation and reach the proposed goals in order to carry out the management of these
power plants with the optimum level of quality growth •
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INTRODUCTION

It gives me great satisfaction to participate in this conference where I am sure a high quality of
presentations regarding the operation of nuclear power plants are being given.

I personally feel a tremendous interest to what, in my opinion, is the product of the experience and the
outstanding effort devoted by the group of professionals, which made it possible to reach the current level
of excellence in the nuclear generation industry.

GENERAL

During the development of the electric power industry, certain styles and manners of behavior evolved
within, which produced a culture that absorbed these values deeply into its social structure, while at the same
time integrating into the culture the behavior of the surrounding society.

These cultural values, allowing for some specific characteristics due to the idiosyncrasies of each
country, nevertheless, converged to produce aspects of behavior in those involved in the operation of
electricity generating stations. This behavior was derived in particular from the electrical energy Industry
itself and also from society in general.

Aspects of human relations such as security of employment, unwillingness to relocate, local traditions,
feelings of privilege, personal recognition and family considerations are some of the variables that allowed
for the evolution of a community that is somewhat immobile. This is a natural result given the stability of the
product supplied and its impact and importance in society.

Traditionally the nuclear electricity sector has been governed by a culture stemming from the above
conditions, where subjects such as participative management, communication, delegation, etc., have not
been greatly implemented and which should play a greater role in the future.

In order to further develop this discussion I would like to start at the very origin of the electricity industry.

As with any other activity true raw materials available for the industry, except for fuel, are only machines
and human resources.

Systematically over time the machine has been given continuous attention. Throughout the years, the
design, construction and operational phases of power plants have experienced gradual betterment.

Along the same lines, it can be established that a constant improvement in reliability of the machinery
carried out through the demands for change, has made plants more reliable and durable.

Also, we have contributed to a continuous improvement of design and methods of calculation
(standards, codes, analysis) as well as materials used (great activity growth in research and development).

In the same way, the techniques and methods of fabrication have experienced a growing development,
which has resulted in the ability to procure high quality products.

Finally, in the operation of plant systems and components, the industry felt the need for sensible
improvements in the strategies and techniques applied to operation and maintenance. With this attitude has
come the •development and application of very powerful tools such as preventive, predictive and reliability
centerec itenance (recently apphv-j). These, together with in-service inspection and testing programs,
contribute to a level of reliability anc availability that has clearly advanced the state-of-the-art of plant
operation.
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The effects of economic and social conditions, as well as the efforts of the regulators, have promoted
even further development of systems and components that are durable, reliable and efficient. The results
are greater compliance with the actual demands due to important environmental matters, public health and.
safety considerations.

The decreasing rates of failure (accidents in installations) further confirm the previously noted trend
towards the improved state of component conditions. Concern for the improvement of component condition
will be obvious during the conference.

I would like to provide a brief outline of the commendable effort made by the industry in developing
a better base of knowledge and understanding for the reasonable application of the best available tools for
achieving maximum machinery reliability.

We can conclude that adequate efforts and resources are being applied (although still advancing) and
we are moving towards optimization of reliability, safety and availability of the installations, recognizing this
is also the path necessary to adequately achieve our economic objective.

In relation to the other element, human resources, although in the recent previous years, a major effort
has been applied in the areas of training and technical qualification, I still consider it is where we have to
focus and devote a significant amount of our efforts.

Accordingly, in my opinion, the human capital requires a more precise treatment which provides a
greater incorporation of its potential into the process, therefore optimizing even further the levels already
achieved.

Focusing on the nuclear electric industry, to provide reliable and available energy at a competitive and
stable rate, meeting the required nuclear safety standards, will only be possible by combining the synergies
stemming from the above technical efforts with those related to the contribution arising from the human
resources involved.

It is important to demonstrate at this point of the presentation and before further development of ideas,
that abandoning, relaxing or discrediting the efforts and resources dedicated to the machinery is not being
proposed, rather, but to consider those aspects, regarding the organization and management system,
susceptible of improvement, keeping and even enhancing the technical standards achieved.

The need to conduct a strong and sustained effort in the field of human resources comes not only due
to its lesser consideration in the past, as was indicated before. It is due also to the socio-economic conditions
which become more complete and aggressive with time as they apply to the electricity industry in particular
and industry in general.

Aspects to be considered are those such as changes in the regulatory framework, growing
competition from alternate energy sources (natural gas, independent power producers and cogenerators),
more vigorous environmental legislation, besides the difficulties within the ECC market, and the advance of
the Eastern bloc countries towards a market economy. These, combined with levels of uncertainty, risk and
the overall challenges to businesses that wish to survive and grow, demand an effort ever more strenuous
and evolutionary on the part of the companies.

Now, more than ever, the companies should adopt a corporate strategy that succeeds in its
implementation without adding new unknowns to those that existed in the past.

Effectively, this uncertain future, changing and vigorously competitive, demands an adequate
response. In the best of the cases it requires a cultural change in the companies of the electricity sector in
order to be able to afford and resolve this challenge the best possible way.
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The applicable changes will focus on all the disciplines of our industry, but especially will emphasize
human resources, the driving force for the availability of electrical energy.

This necessity to better utilize human resources requires a significant change in the ways of doing
things and applying the tools effectively. It is proposed as a final objective, the development of the enormous
potential for productivity and innovation available within our people.

How do we resolve the challenge?

Undoubtedly, this can demand an evaluation of the company at all levels with the objective of
identifying deficiencies and those changes necessary to satisfy established needs.

It seems evident that the previous demand, which must lead to a new form of doing business, requires
the establishment of a company project that, adequately designed, will permit the development of a new
system of management. This new way of managing, together with the collaboration of available human
resources, achieves the strategic objective and makes possible the establishment of a new culture.

The by-product of this process profiles the need for a cultural change in order to successfully resolve
the aforementioned challenge.

Why are so many difficulties involved in accomplishing this cultural change?

The staff of the nuclear electricity industry coexists with certain rules and standards, defining their own
culture, which should be reviewed in order to meet the demands imposed by the short term environment
surrounding this industry.

The culture of an organization is developed over a long time and is well embedded. It is difficult to
change.

It is difficult to modify this culture, which is shared by many cohesive groups. It is necessary to
understand the forces which must be used to achieve the change.

Effectively, it seems necessary to analyze and reflect on how we are and how we should be in order
to arrive at a guarantee of success for a culture of greater competitiveness and social responsibility.

It seems evident that there is a need to adjust the value system that defines our organizational
personality in order to evolve toward a company culture in accord with the new times .

This analysis will allow us to identify the differences between the current situation and future demands,
which in fact, will enable us to plan accordingly the adequate strategies.

It is definitely intended that we achieve a management culture which energetically promotes
expansion and stability. In a word a culture dedicated to continuing organizational betterment.

As indicated previously, this planning demands the configuration of a cohesive company project,
which establishes and defines adequate bases to resolve the above cited challenge.

The project will establish the missions, essential values, cultural principles, system of management
and objectives of the company. It will ensure these are adequately engaged, coordinated and utilized to
achieve success.
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These essential-values on which to base plans and activities, and that combine to become criteria,
tasks and coherent behavior in the areasof company relations-society, customers, employees, stockholders
and suppliers give way to the principles that define company culture.

With regard to the organization we are trying to create, we will specifically have to establish, inculcate,
and promote a work environment that favors the complete utilization and maximum development of our
people based on the following cultural principles:

- Respect for the Dignity of the individual and in turn the development and promotion of group ethical
values and morals.

- Participation: eliminating hierarchical filtering of information.

- Training: maintaining high standards of awareness and knowledge.

- Equality of opportunities as a function of awareness and knowledge.

- Exceptional quality in the exercise of one's responsibilities.

- Confidence which stimulates participation and thegreatest application of one's potential capabilities.

- Authority to exercise one's assigned functions.

- Assumption of risks.

- Recognition of work well performed and fair evaluation of one's effort.

- Motivation as the final result of the correct application of the above principles.

Implementing these principles through the proposed project will lead to the achievement of the
desired corporate organization, capable of dealing with required change and contributing to the overall
objectives of the company.

How do we achieve the planned objective?

Undoubtedly, to institute a corporate project such as the one espoused, where, among other
characteristics, it is assumed we have the availability of an enthusiastic work force participating actively and
willingly and with the criteria of continuous betterment, is a tremendously difficult challenge. It can be
accomplished only over a medium to long term period.

Referring to the previously mentioned cultural principles such as employee participation and training,
it is evident that on the one side there will be considerable difficulty in execution and on the other side we
must consider broadly and realistically all aspects necessary to obtain success in their implementation.

As for the participation of employees in the definition of the objectives of our installations, as well as
the design of plans and their sequential implementation, it seems evident that it can only take place through
broad and strong communication, between managers and subordinates, and vice versa, and between the
different organized groups is clearly essential to success.

The development of an «ad hoc» plan of communication is a direct consequence of its application to
well defined and specific groups of people, its implementation having an additional difficulty because of a
lack of communicators with experience.
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To communicate a broad sense of conviction in the project, to make it evident that there is coherence
between what is said and what is done, to verify that it penetrates gradually into the daily work routine, to
establish partial objectives relevant to different organizational levels, etc., etc., should be the efforts that
management develops in order to achieve success in the application of communication to the desired
degree.

If we plan to maintain high standards of knowledge in our personnel, we must incorporate into the
design of our training programs, definitions of the profile of knowledge and skills for each position in the
organization chart. This in turn requires that the functions of each position be clearly identified.

The technical knowledge required for the personnel of electrical energy facilities generally up to now
has been attained in accordance with the needs of the plants and defined in detail. However, in this project
to change the way of doing things and in order to conform to the current reality of the company, it is necessary
to take into consideration training and experience in skills not previously believed to be needed, or if they
were, only at a some level.

Communication skills, leadership and teamwork, delegation of functions, organizational capability,
analysis and synthesis, etc., should be taken into consideration and included in the profiles of those
positions, which have command responsibilities in the organization.

Technical knowledge and skills should conform to the required profile of each position. The profile
should be compared to the people that have to perform the functions plant operators, for example - where
we will identify discrepancies between the two and thus the training needed for the individual to adequately
perform his functions.

In carrying out our training plan additional difficulties can be expected, such as a lack of sufficient
resources to replace those in training, lack of motivation on the part of person being trained, or brought on
by the specialized nature of the training, or by a mixture of all of these factors. We should find methods which
are effective in solving or at least moderating these problems, so that the training plan can be carried out
successfully.

We clearly, then, see the need to establish a management system able to develop the company project
that promotes and produce; the cultural change that will allow us to adequately achieve corporate defined
strategic objectives within the competitive market environment.

We cannot forget that what is predominant in an actual culture are the existing values and principles,
which may lead us to doubt our ability to make changes. These must be addressed in our project through
coherent and adequate plans.

Our new system of management should be negotiated within the framework of existing political
conditions, using an organized and coherent approach. We should implement our strategy with a sense of
global responsibility and include broad corporate participation. We are in effect requiring ourselves to
respond flexibly to the changing needs of the socio-economic environment.

In this sense the system would be based on establishing a series of plans of action. The plans must
be participative, elaborated on and revised as needed, so that they will respond to the objectives of the
company and be accomplished in a predetermined period. At the same time, tools for planning and follow-
up have to be established to facilitate the implementation of each objective.
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SUMMARY

- After the previous discussion we can see the need to invoke or improve the degree of participation
of the human resources of the electricity sector, if we want to survive/prosper and improve our
overall performance in the current socio-economic environment.

The implementation of the previous objective will occur through appropriate application of a
therapy that is no other than establishing a company project that contemplates and carries out the
needed changes.

Among the most significant of these changes are those relevant to the cultural principles of our
team of human resources who are the participants in this industry.

To achieve the proposed objective, then, we must enthusiastically manage our human resources
with the idea of making coherent and indisputable, the principle that people are the key to the
organization.

- Among the tools available within the system of management that executes this project, we should
be free to act in using those that give the most coherence to the established plans and permit
achieving the initial objectives (power production, reliability... etc.) bringing in aspects such as:

- Communication
- Training
- Incentives
- Motivation
- Safety
- Participation
- Delegation

It is clear that a group of individuals trained, motivated, with incentives, secure, participative and
autonomous, will meet the challenge with reasonable success.

The implementation of this project is not easy and its period of application is not short, since not
all of the people involved are going to be «able- to adjust to and live with these plans and
subsequent changes.

It is evident, as well, that success can only be achieved by those personnel who embark on this
project. For them we will have to continually update the plan and provide sufficient support by
management to attain a quality and coherent result.

Only through the application of such a strategy can we expect to achieve the objective mentioned
at the beginning of this presentation. That is not less than to supply our product of electrical energy
in a way which is reliable, safe, economic and durable.

Thank you for your attention and I would appreciate any questions on this subject.
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ENSURING QUALITY OF OPERATION; THE SWISS APPROACH 2.2.3

by Hugo SCHUMACHER • Kernkraftwerk Leibstadt AG
SWITZERLAND

• ABSTRACT •

In Switzerland there are, relative to other western countries, only a limited number of experienced personnel
available for the operation and maintenance of nuclear power plants. The absence of an established park
of thermal power plants eliminates a usual source of experienced engineers.

Safe and reliable operation can therefore only be achieved by the optimized use of a relatively small number
of highly trained personnel. The nuclear power plants can take advantage of an excellent national education
and training program providing a solid basis for industry specific development programs. This is evident at
the craft level and also in the education of engineers at the technical high schools and universities.

It is therefore possible to delegate significant responsibility to the individual craftsmen, foremen, operations
staff and maintenance engineers.

A stable pool of motivated people who are concentrated at the plant sites together with an atmosphere of
trust and cooperation with the authorities have also significantly contributed to the good operating record
of the Swiss Nuclear Plants •
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The Swiss nuclear generating mix is relatively diverse. The five nuclear power stations have been in
operation for different lengths of time and are equipped with different types of reactors from different
manufacturers. However, they all show equally good operational results, achieved with relatively small
operating staffs.

In order to ensure quality of operation, the use of limited human resources must be optimized. There
is no pool of experience in thermal power stations to draw on. Building on a solid basic education provided
by the school system, staff must be specially trained for their responsibilities in both the nuclear and
conventional parts of power stations.

Staff turnover is low, with the result that know-how can be preserved. Continuous training and the
delegation of responsibility to the most appropriate level ensure employee motivation and involvement. Good
working conditions and an open relationship with supervisory authorities based on mutual trust ensure that
the working atmosphere in the industry is good. It is important to preserve all these favourable conditions
for a safe and reliable industry at a time when nuclear energy is often criticized.

1. BACKGROUND DATA

1.1 Previous operating results

Switzerland's five nuclear units account for 40% of domestic electricity production. The oldest nuclear
power station (Beznau I) came on stream in 1969, the most recent (Leibstadt) in late 1984. Although there
are not very many installations, there is considerable variety in their length of operation, reactor types and
manufacturers (see Table 1). Only Beznau I and Beznau II are identical. The structure of the nuclear power
generating companiesaiso varies. Beznau and Muhleberg belong toelectricity generating undertakings that
also operate other, mainly hydroelectric, power stations. Gosgen and Leibstadt belong to purely industrial
undertakings with a single purpose, the operation of a single power station. The shareholders are private and
public electricity supply undertakings and other undertakings connected with the electricity industry. This
type of partnership has already proved itself in large scale hydroelectric projects.

Operating Swiss nuclear power plants

Net Power

Type

Reactor supplier

Turbine supplier

Cooling system

Commercial start-up

BeznauI
KKBI

Beznau II
KKBII

350 MW

PWR

Westinghouse

Brown Boveri

River water

1969 1972

Muhleberg
KKM

320 MW

BWR

General
Electric

Brown
Boveri

River
water

1972

Gosgen
KKG

930 MW

PWR

Kraftwerk
Union

Kraftwerk
Union

Cooling
tower

1979

Table 1

Leibstad
KKL

990 MW

BWR

General
Electric

Brown
Boveri

Cooling
tower

1984
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Despite all these differences, on the basis of international comparisons the availability of all Swiss
nuclear power plants is good. Figure 1 shows cumulative capacity factors over the lifetime of the five plants.
Table 2 gives a breakdown of unavailability. It can be seen that annual inspection and refueling account for
by far the largest part of lost production. The figure for lost production due to failures is gratifyingly small.
If Beznau I's damaged steam generator is excluded, it amounts to a mere 1 - 2%.

Capacity factors of Swiss nuclear power plants
Global comparison {%)

Cumulative values from commercial start-up to end-1991
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Figure 1

% Cumulative unavailability (end-1991)

Planned:
Annual inspection and refueling
Extended operation, load following,
tests, etc

Unplanned :
Breakdown: nuclear part
turbine / generator
Energy efficiency / heat consumption

Total planned

Total unplanned

Cumulative unavailability

Cumulative operational use

KKBI

12.8

3.3

5.1
1.1
0.3

16.1

6.5

22.6

77.4

KKBII

13.0

1.2

0.8
0.5
0.1

14.2

1.4

15.6

85.4

KKM

11.0

2.8

0.5
0.8
0.1

13.8

1.4

15.2

84.8

KKG

12.4

0.7

0.5
0.7
1.1

13.1

2.3

15.4

84.7

KKL

12.3

2.9

0.3
0.7
0.3

15.2

1.3

16.5

83.5

Table 2
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However, production figures are not the only indicator of quality of operation. UNIPEDE and WANO
have devised 10 performance indicators which give a comprehensive picture of plant quality and safety and
allow international comparisons. On the basis of these indicators, Swiss nuclear power plants generally
come out very well from a comparison with equivalent or similar plants.

1.2 Personnel

The two key factors in achieving such excellent operating results are mature technologies and
responsible, well trained and motivated staff. Ensuring a constant supply of well trained operating staff in
sufficient numbers is an important and increasingly difficult management task. Global stagnation in the
nuclear power industry and the insecurity in our own country as a result of the ten-year moratorium on the
construction of nuclear power plants decided by the Swiss people mean that nuclear technology is no longer
perceived as an attractive, forward-looking area of study for engineers. Recruitment problems are not as
greatfor manual trades, where positions in nuclear power plants are still much sought after because the work
is regarded as interesting and because there are good prospects for advancement.

A further factor in the situation in Switzerland is the lack of fossil-fired power stations, a traditional
source of staff for nuclear power plants. From the outset, Swiss nuclear power plants had to train their staff
from scratch, for both nuclear and nonnuclear work, and to preserve the accumulated experience of the
workforce as much as possible. The fact that we have an education and training system which provides a
solid and flexible basis for specialist training is undoubtedly a considerable help to the nuclear power
industry. Completion of a four-year apprenticeship (in mechanical, electrical or electronics engineering) is
the basis for a practical grounding in the appropriate skills; highly specialized workers and nuclear power
plant operators receive additional training and practical experience. Completion of this four-year apprenticeship
is also a condition for further study at the HTL engineering school, a versatile engineering qualification for
the nuclear power industry. Skilled workers with additional technical training and HTL engineers together
make up 85% of the workforce.

The workforce is small compared with other countries - at the end of 1991, Muhleberg had the smallest
(250 employees) and Leibstadt the largest (390 employees) - and means that good training and optimal use
of human resources are vital. On-site staff have no technical support from a -downtown office*. Parent
companies or operating companies are essentially responsible for financial management and the supply
and disposal or reprocessing of nuclear fuel. All other tasks are carried out by the plant staff on site.
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2. TRAINING POWER PLANT STAFF

2.1 Operating staff

Plant
Operator

Reactor
Operator

Shift Super-
visor

Induction and
Training

Experience as plant
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Professional
qualification (BIGA)

Basic and practical
training

Examination
Operator's Licence

Reactor Operator

Senior Reactor
Operator

Shift Supervisor
training

Shift Supervisor
Licence

Shift Supervisor
Senior Shift
Supervisor

STA Training
STA Licence

STA

2yrs

1-3 yrs

2-3 yrs

Shift
Technical
Advisor

(STA) (HTL
degree)

1.5 yrs

> 1 yr

6wks

> 2 yrs

8wks

Figure 2: Training profiles of nuclear power plant operating staff

Training plant operators

Candidate operators are required to have a good basic education, an apprenticeship in electrical or
mechanical engineering and several years experience in the industry. These requirements offer a certain
assurance that the candidate has not only the necessary technical knowledge and intellectual capability but
also the self-discipline and independence that are essential to make the grade as a plant operator.
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A new operator is assigned to a shift, where he is introduced to his new field of activity by an
experienced operator under the supervision of the shift supervisor. His knowledge and skills are deepened
and broadened during an in-house course lasting several weeks. After passing a final examination, the
candidate becomes a fully-fledged plant operator and can assume unsupervised tasks in the power plant.

Since 1987, a plant operator with at least two years' practical experience has been able to take a
special professional examination recognized and supervised by the Federal Office for Industry (BIGA). The
examination requires theoretical knowledge of nuclear physics, reactor technology, mechanical and
electrical engineering, nuclear power plant technology, chemistry, radiation and fire protection, workplace
safety and basic law. Successful candidates are awarded a federally recognized diploma.

Training reactor operators

A training institution for reactor operators was created at the PSI (formerly 3IR) in Wurenlingen to serve
the needs of the Swiss nuclear power industry. The institution has developed over the years, becoming a
-technical school- in 1988. After three semesters, students take a final examination to become reactor
technicians. The best way into the school is via 2 or 3 years practical experience as a plant operator.
Candidates need good inhouse qualifications and must be recommended by the shift supervisor.

After completing technical school, students are taught specific aspects of the power plant in in-house
courses. The emphasis in these courses is laid on thorough knowledge of systems, the behaviour of
installations during failures and appropriate measures to be taken. Courses include simulator training.

On completion of this two-year training period, candidates are examined orally in the presence of
members of the Swiss Nuclear Safety Commission and representatives of the plant management. The
Nuclear Safety Commission awards licences and the power plant management makes appointments.

Training shift supervisors

As well as good theoretical knowledge, shift supervisors need considerable experience in the
operation of power plants. It is thus logical to select candidates from among highly qualified licenced
operators.

The technical training programme follows the same lines as the training for operators and involves
further theoretical training at the PSI, in-depth knowledge of installations in the nuclear power plant, and
further simulator training in transient and emergency situations. The training ends with the licensing
examination.

Alongside increased technical knowledge, great emphasis is also placed on leadership and learning
the role of the shift group both during normal operation and in the event of transient and emergency
conditions.

Shift technical advisors (STA)

There have been STA in all Swiss nuclear power plants for more than 20 years. As we have seen, the
career path of ashift supervisor is based on vocational training, not on engineering studies. Only during start-
up and in the first years of operation are shift managers required to have engineering qualifications. Later,
when experienced operators can become shift supervisors, shift supervisors with engineering qualifications
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take over the role of STA. STAs can be called on at any time by the shift supervisor, whether because of an
exceptional or difficult situation or in an emergency. In emergencies, the STA takes over responsibility until
the emergency staff intervene. The duty STA is always on-site so that he can reach the control room within
a few minutes. STAs also have other technical and operational duties, mostly as simulator instructors or
trainers.

Basically, shift technical advisors follow the same training programme as shift supervisors. As they
have to have at least an HTL engineering qualification, their time as operators can be considerably reduced
and their theoretical training reinforced. STAs must have obtained their operator's and shift supervisor's
licence and must have two years successful experience as a shift supervisor before they can take their STA's
licence.

During annual emergency exercises, STAs are responsible for setting up the exercise or are involved
in the emergency staff. This tests their knowledge of the behaviour of the nuclear plant and of the appropriate
measures to take in abnormal circumstances.

2.2 Specialist technical training

Radiation protection controllers, like operators, need a licence. The PSI in Wurenlingen offers a
specialist training course which deals with the theoretical basis for practical radiation protection and trains
the candidates in the necessary technical disciplines to take the licence examination. The course is
completed by practical experience in nuclear power plants.

However, there is no set training programme for maintenance personnel, who are drawn from all areas
of technical specialization. Their training, which builds on vocational qualifications and experience in the
industry, is undertaken on the job. They do of course take advantage of training opportunities offered by
suppliers and professional organizations. Many staff were previously employed by suppliers and took part
in the construction, commissioning and start-up of Swiss nuclear power plants; they thus have thorough
knowledge of components and systems. This type of transfer of know-how also takes place at the
professional engineers level.
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Session 2.1 chaired by Peter Fischer (Switzerland)

Questions and answers:

Mr. Wild (Germany): Mr. Bergstrom, you mentioned three items of.importance when measuring the
results of nuclear power operation, Safety, Availability and Profit. It is easy to
measure availability and profit but how do you measure'safety? And how do you
make decisions when you have to give priority to one or two of the options?

Mr. Bergstrom (Sweden): We measure safety by comparing the faults with the technical specifications or to
be more specific, we measure the time we are outside the technical specifications
and that is a measure of safety. To answer the second part of the question I would
like to start by saying that safety not always is a matter of money. But when it comes
to choices we always give priority to safety. Safety comes first.

Mr. Fischer (Switzerland): When it comes to nuclear operation we always have to keep the discussion going
about the three items Safety, Availability and Economy. But I think we have to admit
that safety has no price, only costs.

Nuclear Electric (United Kingdom): Mr. Coakley, if I do not know if my processes are the best available,
how should I select good practice?

Mr. Coakley (WANO): You should measure your results, if possible by means of peers with experience
from several plants. WANO is now trying to arrange a team of experts prepared to
go to each site.

EDF (France):

Mr. Bergstrom:

Congratulations Mr. Bergstrom that you have a safety authority you are happy with.
I would like to ask if you trust your contractors to the extent that they can make their
own inspections?

No, we make our own inspections.

No questions

Session 2.2 chaired by Karl Stabler (Germany)

Mr. Cervin:

Mr. Fischer:

Round Table chaired by Tommy Cervin (Sweden)

I want to start this round table discussion with a personal remark that I am very
happy that among all the specialists assembled here, there seems to be a common
recognition of the importance of the human capital for the success of nuclear
power operation.

The first paper this morning was about WANO and good practices. Practices
belong to an environment. To be able to judge your own practices, if they are good
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Mr. Albert (France):

Mr. Coakley:

Mr. Stabler (Germany):

or bad, you must know something about your environment. Knowing others'
practices is already useful and provides ideas for improvements even if they are
not totally applicable to my environment.

The second paper this morning by Mr. BergstrOm was an interesting case study
from a two-unit station. One term used was "superman". I think we should not play
supermen and I think we should point out that we don't need super people and we
don't need super technology. There is no perfect man and no perfect technology
and we don't need them. What we need is an optimum combination of man and
technology: the best human situation we can provide and the best technology we
can provide. The combination makes our industry safe and I think the outside world
should know that.

The third paper this morning was an interesting discussion of how a large
organisation functions. A large organisation can take another approach to training
and can also move more people around more than is possible in a small
organisation. Therefore the complacency versus stability issue is somewhat
different.

EDF is a big power company and we have to work with both centralization and
decentralization in mind. The PWR-system is managed in a centralized way and
the French pool is of great importance. We have safety as ourfirst concern and we
have to involve all personnel in safety. There are few technical errors and therefore
we have to focus on human errors. To keep the frequency of errors low we have
to apply transparency throughout the whole organisation. Everybody concerned
must have information about even minor incidents. For the same reason solidarity
and communication between different nuclear operators is of great importance.
The international cooperation through UNIPEDE, WANO and IAEA is very important.

Mr. Stabler discussed the responsibility of operators versus the designers for the
prevention of accidents. I have heard several statements at other meetings saying
that the operator has no role in accidents once the transient has begun. I think this
fails to pay proper respect to the importance of the managers and operators of the
plant in setting the conditions for the transients. I cannot think of a serious event
that I have read about where there were not several triggers set or preconditions
set which could have been caused by or prevented by people doing their job
better. We shall not have any accidents if the management and the operators do
their job properly.

I would like to add some points to the presentation by Mr. Wild about the German
attitude. To Mr. Coakley I would like to say that our 30 minutes principle, which
means that for major accidents like loss-of-coolant we do not need the operator
during the first thirty minutes to master the situation. I think this is a very good
design principle, but that does not mean that we do not need trained personnel in
critical situations. There is always a risk of deviations from foreseen procedures or
sequences of events. Because of this principle we need much more automation
than in the US plants. We think the higher costs are worthwhile. That we should not
underrate the importance of man is obvious from another point, which was
mentioned by Mr. Wild. The shift supervisor is a central person for us and we still
stick to the principle that the shift supervisor should have an engineering degree.
We rely in many cases on the individual responsibility and competence of the shift
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supervisor. We try to give in the written procedures just the safety targets to be
fulfilled and because we have very qualified personnel we think this is a better way.
We give the operators the main safety criteria to watch out for and to be fulfilled.
We certainly need papers but we don't rely too much upon them. We also rely upon
the competence of highly qualified men, not necessarily supermen. In case of
faults we have to evaluate and criticize misjudgements by the operators but we
have to be very discrete when blaming our personnel. If we were too harsh and did
not respect the dignity of the person we would take the risk that the best would
leave us. And that we want to avoid.

Mr. D'Onghia (UNIPEDE): First a question to Mr. Albert: Is the principle of nuclear power plants being profit
centres useful in a large organization like EDF? My second question is to all of you:
Many speakers have underlined the need for competent, permanent and stable
staff, but at the same time I think a man must be motivated in his work. It is therefore
of importance to give the personnel an interesting job and a career. How do you
manage to keep up the motivation when you have a very stable staff?

Mr. Albert:

Mr. Fischer:

Mr. Cervin:

Mr. Stabler:

Mr. Bergstrom:

We call our plants results centres and not profit centres. Good management
means motivation in nuclear energy: Our objectives are: Safety, availability, costs
and cost effectiveness. A single plant cannot always make profit, but we look upon
the economy on the national scale because economic optimization cannot always
be achieved on a local level. On the other hand we try to use a decentralized
system one which cannot function if it is not managed in a centralized way.

In a single-plant utility you have to bring in motivation in quite another way than in
a large utility with many nuclear power plants in operation. It is a complicated
package of climate, company culture and so on. In the end I think that the
satisfaction of a plant running well gives the motivation to people. There are of
course jobs that cannot be developed but we try to show for everybody that they
have a possibility to move upwards in the organisation, in some cases we also
move employees to the mother utility.

One way to reach the goal of motivated people could be described as: constant
change has come to stay. That is to subsequently develop the organisation,
creating the opportunities for the individual for personal growth and challenges.

We Germans are surprised that Barseback with two units is run with only 350
persons. In Germany a two-unit plant needs a technical staff of about 650 and at
Barseback the administrative employees are included in the total. We were also
surprised that Mr. Bergstrom mentioned that there are plans to give design jobs
to the operation staff to keep them busy and motivated. In Germany we would not
dare to think in that direction. Our regulators would not allow us and we also think
that it would be wrong to give the shift operators other jobs because that would
distract them from watching the plant in operation. It would be of interest to have
a comment on this.

The jobs I am talking of are jobs that have to be done, I am not talking about
therapy. Examples are radiation protection, taking samples from the process,
making chemistry analysis. I am talking about jobs which are a normal part of the
day to day life in an operating plant. In our oil fired and coal fired plants the
operators are used for more tasks, than in our nuclear plants. We have tried to learn
something from that experience.
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Mr. Schumacher (Switzerland): I would like to ask Mr. Stabler howyou can motivate persons with engineering
degrees to do shift work. We think that a person who goes through the career from
the low level positions to operator and then to the shift supervisor position is
competent and well motivated in his job. We have the same development on the
maintenance side. With persons with a basic formal education and courses at the
plant and with several years of experience at the plant we don't need a person with
an engineering degree. In this way we get a highly motivated shift supervisor, but
how do you motivate your engineers as shift supervisors?

Mr. Stabler:

Mr. Fischer:

Mr. Baird (Canada):

Mr. Coakley (WANO):

Mr. Cervin:

The more educated a person is, the more demotivated he tends to be by the
tediousness of the day-to-day operation. We are aware of this problem and it has
been used as an argument in discussions with our authorities, which require us to
use shift supervisors with an engineering degree.

Being an engineer myself, I am not convinced that an engineer reacts better than
a well trained operator that has gone through the whole practical experience. I
think, however, that is of great value to have an engineer standing by, sleeping at
the plant and ready to act at short notice with a fresh brain.

I think you are both right. A very competent shift supervisor coming through the
ranks does an excellent job and so does the engineer and we have both. I would
like to put a question to Mr. Coakley: In your presentation you spoke about
single-unit utilities and their ability to rise above their own experience. What are you
going to do to encourage single unit utilities to participate in the WANO services
in order to get above that limited experience their personnel get from their own
facilities?

We have no problem in getting operators from remote areas like Pakistan and India
to participate in workshops and exchange visits. I mentioned those areas because
they are the most difficult ones to achieve the interchange with, because of
language problems and problems to get fundings for travelling. Each of the WANO
regional centres is doing all they can to promote the interchange for plants that
have less involvement with others.

I think the main conclusion from this session would be that we should pay at least
the same attention to the human capital as we do and have done to the capital
invested in our plants. It has been said today that our ultimate goal is excellence.
We should be aware that we shall never reach that goal but we have to strive for
it all the time, every day. I am happy to hear that there is a consensus about the
importance of the human capital. That is good and very promising for our nuclear
power industry in the future •
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NUCLEAR POWER STATION PERFORMANCE WORLDWIDE 3.1.1
SITUATION AND PROSPECTS

by Daniel GLORIAN • Electricity de France
FRANCE

• ABSTRACT •

Monitoring the technical performance of nuclear power stations is essential in order to be able to detect the
weak points in an installation and put them right through the correct utilisation of technical and financial
resources, particularly in the field of maintenance. Performance is perceived from different points of view,
covering different areas of activity and results. It summarises the level of quality achieved in comparison with
a predetermined objective.

UNIPEDE has set up a system of ten international performance indicators for nuclear power stations, jointly
with INPO in the United States. This system, now managed by the World Association of Nuclear Operators
(WANO), is used by almost all nuclear operators throughout the world. The first results obtained, for 1990,
allow useful comparisons to be made and improvement of research into the optimum area of results, in the
economic field, for each indicator and each operator in the relevant technical, cultural, economic and
political context.

A number of results, for 1990 and 1991, will be presented and commented on from this point of view •
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The fruit of cooperation between UNIPEDE, INPO (United States) and WANO, an international system
for comparison of nuclear power station performance has been in use since 1990.

Ten performance indicators which cover the main areas in which an operator must closely monitor
performance, each with a precise definition, have been established. The majority of these indicators are now
employed by virtually all nuclear plant operators in the world. These areas concern safety, service rendered
to the grid, industrial safety and radiation protection, and environmental protection.

Thissystem is designed to promote international experience feed back and foster a process of working
towards "excellence-. It provides an additional assessment tool for the nuclear plant operating community.
Based on the average results currently observed, it is possible to project performance for a light water reactor
in the year 2000. These projections provide a viable benchmark and a reasonably ambitious target for
operators who are both motivated and who fully accept their responsibilities amidst the current difficult
context facing nuclear power around the world.

1. INTRODUCTION

Nuclear power stations which achieve good technical operating results in the long term generate
electricity both economically and reliably. Furthermore, this performance is generally accompanied by high
standards of safety and excellent protection of the environment. Proven plant design and high quality
manufacturing and construction techniques are of course absolutely necessary upstream components to
guarantee these good operating results. Downstream, these results are linked to the reliability of equipment,
to management expertise and to the availability of plant operators who are both skilled and motivated and
whose work is based on clear, comprehensive operating procedures. Lastly, these operators must have the
support of efficient and readily available ancillary services.

Achieving and maintaining competitive kilowatt-hour costs -whether nuclear or fossil-fuel generated
- requires durable results on line as far as possible with objectives that are both ambitious and seemingly
contradictory. These targets concern the costs of operating plants, the quality of service provided to the grid,
protection of the environment and last but not least, nuclear safety.

The goal of this paper is to focus solely on the technical aspects of nuclear power plant performance.
It seeks to examine the «best» results from an international perspective, independent of the costs required
to achieve these results. This is an admittedly partial vision, but it enables each operator to benchmark its
own results versus international -competition-, keeping in mind of course that one can only compare what
is comparable, especially as regards the definitions employed.

Prudence is therefore required in interpreting the results, since the «best» from a technical standpoint
is not always the -best- when it comes to economic considerations. Indeed, these economic criteria are
perhaps best considered in a final and global assessment of the question.

The process of comparing international technical performance - and the emulation that it should
spawn - has led UNIPEDE to propose the use of common definitions for the main internationally monitored
indicators. Based on the practices of the different operators, expressed in particular through trend tables
(which are reviewed by senior management), joint work with INPO in the United States has enabled
preparation of a set of complete, precise definitions. The creation ofWANO has enabled all the organization's
nuclear operator members worldwide to apply this international system of performance indicators since
1990.
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2. UNIPEDE / WANO PERFORMANCE INDICATORS - DEFINITIONS AND REMARKS

Aftera meticulous two-year process of evaluation and revision by INPO and UNIPEDE, ten performance
indicators were retained. These indicators enable assessment of the performance of each nuclear plant in
the different areas where operators must closely monitor results: safety, quality of service provided to the
grid, industrial safety and radiation protection of personnel, and protection of the environment.

These indicators, which are briefly summarized in a leaflet printed by UNIPEDE in five languages, are
defined in depth in a bilingual document (French and English) of 120 pages that has been widely distributed
to all parties concerned. WANO published an initial document on 1990 results in April 1991, and 1991 results
will be published in May 1992. To take advantage of the wealth of information gathered, a twice-yearly
publication is also being discussed. WANO has formed a group of international experts to take charge of
this work, from the perspective of both the validity of the definitions retained and to examine possible
difficulties in interpretation or application in specific contexts.

With regards to gathering and reporting of data, this group also liaises with the operators (who supply
the information), in order to render the process developed as efficient as possible.

The ten indicators selected are:

- unit capability factor,

- unplanned capability loss factor,

- industrial safety: accident rate,

- thermal performance,

- safety system performance,

- unplanned automatic scrams per 7,000 hours critical,

- fuel reliability,

- chemistry index,

- collective radiation exposure

- and volume of low-level solid radioactive waste.

Without going into great detail, the following paragraphs summarize some of the difficulties that the
WANO group is examining and trying to resolve.

a) For the unit planned capability factor and unplanned capability loss factor, working from the
perspective of the operator, and not the grid - even though the two are quite similar - has led to difficulties
linked to a certain lack of statistical continuity in relation to previous practices (which were based on the
availability of power).

In particular, form one country to the next, the notion of -planned- shutdown is not exactly the same,
depending on the perspective.

For all these indicators, however, there has been a very favorable and very positive move towards
application of the definitions throughout the world. Today, the great majority of operators of light water
nuclear plant supply data for at least seven of the ten indicators.

b) Some of the definitions have been adjusted, in particular that for safety system performance. These
modifications take into account regional differences between Europe and the United States (including the
notion of installed spare parts and excess trains in the safety systems).
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A more general problem of understanding has also arisen since the result obtained does not express
safety system performance per se, but rather the average per series of the -non-reliability- of each of the
redundant trains in the system.

c) For both the safety system performance and fuel reliability indicators, it would appear that within the
-excellent- range, the numerical value calculated does not have any true significance. The question is thus
whether a neutral range should be added (in which a result would no longer be given numerically given the
implicit quality of this value), or whether the definition of the indicator should be «fine-tuned» or even adapted
to try to retain this notion of quality expressed in absolute value, even when itfalls within the«excellent- range.

d) Ten indicators agreed on an international scale is both too few and too many. But before any additions
are made, it has been suggested that we wait until the present system is well honed. At the same time, it
should be possible for nuclear operators to propose several generally accessible technical indicators which
express complementary viewpoints that are considered both useful and important. One such example is
an indicator for releases of radioactive liquid and gaseous wastes. While such an indicator does not pose
any particular problem, it could be approved in a different context as part of environmental protection. This
would take into account the questions posed by a public that has undoubtedly acquired more -ecological
awareness- than ten years ago.

As for so-called safety indicators, a frequently raised issue, especially within the scope of work done
by the IAEA, it is clear that the greatest prudence is called for. Indeed, no -pure- indicator in the area of
safety will ever be devised, since operating safety results from the combination of multiple factors, each of
which can be assessed using one or more elementary indicators. The notion of safety has an immediate,
sense in comparison with the more aggregate quality - from a statistical standpoint - of the concept of
performance over a given period. In any case, the multiple approaches taken, in particular the application
of performance indicators, contributes to improving operating safety. Work done by WANO, UNIPEDE and
the IAEA largely coincides in this regard, and has conferred widely recognized legitimacy on the use of
indicators.

Also of note is the IAEA's Power Reactor Information System, or PRIS. In addition to technical
descriptions of all the world's nuclear power stations, this database is primarily designed to track availability
and unavailabilities by main systems at the plants. PRIS has from the outset made reference to the UNIPEDE
definitions. Given the fact that the WANO and IAEA systems differ in terms of the nature of performance
monitored, the common area, availability and unavailability, remains consistent, given the different
viewpoints expressed (i.e. the producer and the grid).

3. RESULTS AND TRENDS

A look at the histograms and average values showing results obtained in 1990 and published in 1991
is extremely revealing in terms of situating performance and enabling experience feedback for technical
information. This data also makes it possible to set reasonably ambitious objectives for each of the areas
monitored.

This global, international strategy should lead operators to take a similar, decentralized approach to
apply indicators that are more targeted, or precise. These indicators are useful when shortcomings are
perceived, and when they are needed to enable effective and measurable experience feedback.

The system of indicators implemented within WANO is of course still too recent to enable detection
of trends. But a review of experience feedback in the areas of unplanned capability loss, reactor scrams
and radiation exposure clearly show regular improvement until they reach a certain level of "resistance-. As
the curve flattens, detailed technical-economic analysis is needed to determine the value of pushing the
quest for excellence further.
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Applying current results to power stations in the year 2000 makes it reasonable to expect that the
objectives suggested below can be achieved. Each operator must of course set its own targets, taking into
account the constraints of its specific operating environment - in particular regulatory constraints. However,
a certain international consistency in the technical performance by light water reactors makes it possible to
put forth the following numerical values as potential goals:

- In-cycle capability factor (excluding planned outages and extensions): >98.5% (i.e. less than 5
days unplanned capability loss per unit/year)

- Unit capability factor >80% per one-year cycle (one planned outage for inspection and refuelling
per year)
>87% per two-year cycle (one planned outage every two years lasting 50 days)

- Collective radiation exposure (PWR)

< 1.8 man-Sievert per one-year cycle

< 1.0 man-Sievert per two-year cycle

- Unplanned automatic scrams per 7,000 hours critical: <1.

The additional characteristics required for these reactors are daily load follow capability, return to
house loading from maximum capacity and plutonium recycling features (given the absence of near-term
development of fast breeder reactors).

Provision must also be made for an extended ten-year inspection (six months maximum) to guarantee
the global health of the installations. Finally, projected lifetime should be approximately 40 years with
replacement only of critical components (SGs in PWR units, for example). These values correspond to those
recommended by the EPRI in the United States for advanced light water reactors.

4. CONCLUSION

The operating quality process based on performance indicators applied through UNIPEDE and
WANO has proven both fruitful and useful for the international nuclear power community. As this process
progresses it will of course require fine-tuning and additional input to further improve the application of the
system of performance indicators. But if the efforts currently being made are sustained, and if the results of
these efforts are benchmarked to make certain that the process keeps moving in the right direction, then this
quality process should prove irreversible.

Atthe same time, interpretation of theresults reported continues to require the greatest circumspection.
There are of course classic problems of perspective, i.e., assessing results in the short or long term, as well
as the scope of evaluation. These results provide only a partial picture, a single piece of a much vaster
puzzle.

The importance context is evident, for example, when one considers the increasingly strong trend in
some countries to link a portion of operating personnel remuneration to the quality of results achieved, as
measured by the predefined performance indicators. In certain states in the United States there is a strong
relationship between performance (often termed -capacity factor-) and the rates at which electricity is sold.
This would seem to support a short-term view by focusing on immediate results, as opposed to a much
healthier long-term perspective able to accord greater importance to safety.
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Independent of the application of more targeted performance indicators, it is clear that statistical
analysis alone is not enough to give managers a satisfactory overview. Other elements are also needed,
including event reports (including safety audits) and economic data, before the pieces of the puzzle can fall
into place to form a coherent «big picture-.

The UNIPEDE / WANO international system of performance indicators applied since 1990 has begun
to prove its value. Pursuing this process requires that it continue to be useful, that it take into account the
needs of operators and that it facilitate the establishment of international experience feedback. In a word,
as our American colleagues say, it must be part of our -commitment to excellence-.

Given the current climate, in which the very future of nuclear power in the world remains uncertain,
there can be no doubt as to our motivation to vigorously pursue this commitment.
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TRAINING IN THE OPERATIONS FIELD 3.1.2

by Vincent John MADDEN - Nuclear Electric pic
UNITED KINGDOM

• ABSTRACT •

Since Three Mile Island much effort and resources have been applied to review and enhance the approach
to the training of Operations staff. In particular Control Room staff have been the focus of much attention and
large sums of money have been spent by many utilities on full scope replica simulators.

The paper will review and comment on a number of the more recent and significant initiatives including the
selection of Operations staff, approaches to initial training, assessment of staff and the maintenance of
competence and its demonstration. Simulators, simulator training and its assessment continue to be areas
in which developments continue and more recently non technical skills, human performance and safety
culture are concepts which are being debated in the context of establishing, maintaining and improving
operational safety.

In the personal view of the author not all of the developments, trends and pressures will improve training
effectiveness and some do not represent good value for money. The paper will review a number of these
issues and indicate those areas which, if improved, may be more productive in enhancing operational
performance and safety •
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Since Three Mile Island in 1979 much effort and resources have been applied to review and enhance
the approach to the training of Operations staff. In particular Control Room staff have been the focus of much
attention and large sums of money have been spent by many utilities on full scope replica simulators and
training facilities to house them.

In looking at utility practices in relation to staff training and competence issues, it is my personal view
that there are a number of areas where a review of current practices and the undertaking of some new
initiatives would give a cost effective return.

In this paper I consider a range of training and competence related topics and develop some
challenges for utility management. Aspects of current approaches to classroom and simulator training, the
assessment of continuing competence, the promotion of a high safety culture and the development of
management competences and non technical skills are topics which are reviewed.

The ideas in this paper represent those of the author and not necessarily those of Nuclear Electric.

1. INTRODUCTION

Since the Three Mile Island accident of 1979 much attention has been focussed on the training of the
Central Control Room (CCR) staff of nuclear power plants. However it is increasingly recognised that the
achievement of high levels of operational and safety performance requires not only a competent total plant
workforce but also the support of a competent off-site resource, whether utility or contractor based.

What is meant by «competent»? Two definitions in the Oxford Dictionary are -adequately qualified-
and «effective». In the context of our industry we can consider competence as being the aggregate of
education, training and experience necessary to undertake the duties of a job. It is possible to break down
further the job requirements in terms of its knowledge, skills and attitudes.

Over the last ten years the nuclear industry has invested considerable sums of money in training
equipment, including full scope replica simulators and many impressive Training Centres have been built
to provide an environment which is conducive for training.

However in general, it is my contention that training activities have had a bias towards technical topics
concentrating on information and knowledge that had to be obtained or skills that had to be developed and
further that they have been principally targeted at the training of Operations staff - as demonstrated by the
significant difference in the duration of typical formal training programmes between Operations and non-
Operations staff in many utilities. In the context of Benjamin Bloom's taxonomy with its three domains -
Cognitive, Psychomotor and Affective, (perhaps more readily appreciated as knowledge, skills and
attitudes), training has been directed at the lower levels of knowledge and rarely has training been designed
to address the attitudinal domain.

In the following sections I present some personal views of the challenges now facing our industry in
the context of staff competency and I identify aspects where some rethinking of our historical approaches
may be beneficial. Work undertaken by the UNIPEDE NUCLEPERS Group of Experts is utilised as well as
some materials supplied by members of the group.

2. TRAINING PRINCIPLES AND METHODS

Human performance issues contributed significantly to the accidents atTMl and Chernobyl. Although
the underlying or root causes were more complex, -Human Factors* played a prominent role by way of a
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poor allocation of functions to the operator, inadequate operating procedures, deficient training, poorly
designed man-machine interfaces (MMI), and a lack of -safety culture-. Historically, figures from those
utilities which analyse their operational events have shown that in the region of 50% have human factors (HF)
as underlying or root causes. 70% of the 126 US events which occurred in 1990 classified «as being
significant to nuclear safety or plant reliability", were found on analysis by the Institute of Nuclear Power
Operations (INPO) to have human performance causal factors [1 ]. All these HF causal factors can arguably
be associated with shortcomings in the competence of the person(s) - it was humans who designed the MMI,
wrote the operating procedures, failed to recognise the role of -safety culture». In the context of this section
I wish principally to address more direct training and competence issues associated with the power plant
staff themselves.

It is my personal view that the main focus of attention in training continues to be the CCR staff. This
is particularly the case in relation to continuing training where many other station groups receive relatively
little formal training to maintain and enhance their competence for their day-to-day work. Staff in the
Maintenance, Technical Support, Engineering, Radiological Protection, Emergency Preparedness, Planning
and all other site-based groups deserve to have their needs met with the same methodological approaches
and appropriate financial commitment that have characterised CCR staff training. In this respect the
Departmental Managers and Plant Manager must also be demonstrably competent and require formal initial
and continuing training, both technical and non-technical. As justification for recognising the significance
of staff outside the Control Room, the INPO report referred to above [ 1 ], identifies that of the 126 events, only
21% involved "Licensed Operations staff». Perhaps then the challenges for us in our own utilities are the
extent to which we can break down information on our own events by staff group category and the extent
to which such information justifies a re-appraisal of our approach to their initial and continuing training.

It is generally accepted thattraining should be developed using a systematic methodology implemented
jointly by plant management and the training organisation. There are well acknowledged principles relating
to training methods which have been refined through experience. Application of these principles in the
nuclear power industry is recommended by the IAEA [2] and a detailed methodology is presented in an IAEA
guidebook on training [3]. These systematic and logical methods can be used to refine and further improve
existing training programmes, both technical and non technical.

However, although many utilities would claim to have adopted the methods embodied in the
references given above there are a number of aspects of implementation practice and new ideas which are
worthy of debate in the following sections.

2.1 Classroom Training

The historic approach to training, fostered by our industry and in the case of some countries, also by
their regulators has, in my view, been largely characterised as being somewhat analogous to a forced march.
It was mandatory, long, tedious, stressful and in no way could it be said to have those qualities which would
endear the attributes of learning to the participants. The field of instruction was purely technical delivered
by instructors largely in a lecture-based setting with limited question and answer opportunities. It was heavy
on facts that had to be learnt, used training materials that were often hard to digest, written by instructors
without formal training and who may not even have had any power plant experience to add to their credibility
in the training setting. No account was taken of individual differences which require differing learning styles
to optimise learning development and progress. In order to have demonstrable competence on the part of
staff progressing through the training programmes tests were carried out at various stages. However many
of these tests concentrated on testing knowledge and comprehension of facts and did not explore a trainee's
abilities at the higher levels of the knowledge domain - analysis, synthesis and evaluation; abilities that we
readily acknowledge as being necessary if an operator is to cope with the unanticipated event not explicitly
covered by procedures.

Part 5 • Session 3 89



Hence although the industry has made significant progress in its approach to classroom training over
the last ten years and has achieved levels of staff competence which have satisfied current utility and
regulatory requirements there are areas which, if sensibly addressed, will give a payback to the utility. What
is now required in my view is a review of current practices, retaining the enormous amount of good practice,
but focussing on the following.

How can training be implemented so that it is less instructor centred and more learner centred?

Instead of approaching training as a necessary evil, how can it be made an enjoyable learning
experience developing a career-long positive approach which the trainee will take with him into the
workplace.

Although the new technological approaches to training (computer based training, interactive video,
multimedia presentations etc) are very expensive to establish, research in the US claims to have
demonstrated that training programme durations can be reduced to 30-40% of the time taken using
traditional classroom approaches and that retention rates are much higher than in the case of training
delivered by lecture-based instruction. Hence what part can they play in achieving the above, allowing
trainees to progress at their own pace, improving retention and bringing training more into the workplace?

2.2 Simulators

The common practice in the initial training of Operations staff has been to develop a programme which
integrates classroom instruction, on-site systems training and full scope replica simulator training. Over the
last ten years the trend has been to pursue higher and higher fidelity simulation with increasingly accurate
moeteJIing of the physical processes and to increase the scope of systems included in the simulation. This
has undoubtedly been aided by developments in computers and computing techniques and a reduction in
the costs of computing hardware. Whilstsuch developments have been beneficial if a simulator is to be used
for engineering analysis, it can be excessive if required for purely training purposes.

In many utilities trainees progress directly from the classroom to the full scope simulator with all its
complexity, operating with real time speed of response. However we need to return to the systematic and
logical method for developing training. In this we identify performance-based objectives required by the job
and identify the training media appropriate for their mastery. We should take care that we are not blinkered
into concentrating on what technology can give us on the full scope simulator. That same technology can
often be better utilised in developing smaller scale simulation devices which are far more learning efficient
and cost effective. That is not to say that high fidelity full scope replica simulators do not have a part to play.
Indeed they do, both in the later stages of initial training and also in continuing training, particularly when
undertaking assessment of staff competence. There are significant limitations in undertaking simulator
based assessments on anything other than this type of simulator.

In reviewing the Kemeny Commission report on the TMI accident, Professor Zanobetti [4] makes the
following comment, «By now most PWR simulators have been modified and have become able to simulate
the events which took place that day but at that time, to understand correctly the events would have
required, rather than a longer simulation training, since none of the existing simulators was able to simulate
the two phase phenomena which took place, a deeper knowledge of the hydro-thermodynamics of the plant-
i.e. that training must be designed to supply the deeper knowledge of the principles and phenomena that
may be encountered by operators during their work on shift. Although we tend to think of our high fidelity,
full-scope replica simulators as the best tools to communicate this level of understanding, I am not convinced
that this is indeed the case, nor am I alone in holding such views. It is generally agreed within the training
community that realism in the duplication of the actual plant is of relatively minor importance for the more
«academic» parts of the early stages in the initial training programme. Again Zanobetti states «.... the
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usefulness of basic principles simulators should not be underestimated, in fact they are extremely useful
because a) they may demonstrate the essential phenomena more clearly than more complex simulators do;
and b) because being less expensive they allow a longer instruction time*. For myself I would rather
emphasise that mastery of the training objectives is achieved in a more efficient manner than suggest any
lengthening of the training programme. Hays and Singer [5] refer to research findings which demonstrate
that higher fidelity simulators can be associated with poorer training, particularly for novice trainees. They
state, in part:«(training devices) may not be cost-effective or provide maximal training benefit if the physical
and functional characteristics of operational equipment are duplicated more precisely than is required for
effective learning».

In so many ways the transition from classroom to full scope simulator makes enormous demands on
the trainee. From learning fundamental theory and acquiring a knowledge of the layout of the MMI and the
plant systems, the operator is faced with all the complexity of the dynamic plant and the system-system
interactions taking place in real time. Many utilities have recognised that there is a more training efficient
and cost effective way of bridging this gap. The use of -Basic Principles- and -Part Task» simulators and
other dynamic forms of simulation (including desk top computer simulations) can serve to develop the levels
of understanding of principles and phenomena referred to by Zanobetti. Use of«Basic Principles- simulators
by other groups of plant staff (particularly Plant Management, I&C Engineers and Nuclear Engineers) who
require a knowledge of plant performance and dynamics is both training effective for the staff and will also
free expensive and often scarce time on a full scope simulator. Whilst a number of European utilities have
recognised these benefits, it is noticeable that in the US such devices are currently uncommon.

It has been interesting to note the initiative taken by GfS of Essen recently in producing specifications
for the procurement of additional training simulators. Rather than seeking bids for simulators whose scope
and features were all embracing, they undertook an exercise which sought to reduce the scope and to define
it far more from an -essential to training- perspective. As a consequence they have been successful in
reducing the cost by around 40% over suppliers' budget prices for a «state of the art» simulator.

2.3 Assessment of Continuing Operator Competence

Although formal systems for the establishment of the initial competence of CCR staff have existed for
some time, work is being undertaken by NUCLEPERS into current practices for establishing that such staff
continue to maintain the necessary level of competence. Whilst all members of the group report initiatives
to establish a basis for determining the continuing competence of certain Control Room positions, many are
still in the process of establishing formal procedures. In some cases I am concerned that too much emphasis
may be being put on performance during simulator continuing training. There are many other factors which
should be taken into account based on performance appraisal of the full range of duties discharged during
normal shift operational. These can be identified and suitable criteria developed to measure performance
in each one. To put undue emphasis on an annual session on the simulator (or indeed classroom continuing
training) as providing the basis for determining competence is inappropriate; line management has the
accountability for determining competence, and results during continuing training are but one of the inputs.

As a separate but related issue, if it can be argued that there are other groups of staff whose roles are
judged by a utility to be significant to its operational and safety performance, then they too should be subject
to a procedure designed to check their continuing competence.

2.4 Safety Culture

The IAEA International Safety Advisory Group (INSAG) has defined -Safety Culture- as a fundamental
principle and management responsibility of Nuclear Power plants [6]. Safety Culture applies to both
individuals and to organisations. It may be considered as that -assembly of characteristics and attitudes
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in individuals and organisations which establishes that, as an overriding priority, nuclear plant safety issues
receive the attention warranted by their significance- [7]. The full range of good managerial practices,
including quality assurance and feedback of experience, is clearly required but all are not in themselves
sufficient if applied mechanistically. Safety culture builds on these good practices and ensures a corporate
and individual alertness, safety thinking, inherently questioning attitude, wariness, and -constructive
intolerance- in order that all duties important to safety are carried out correctly, with due thought, full
knowledge, sound judgement, and a proper sense of accountability.

Safety culture is a somewhat intangible concept, but it should translate itself into tangible manifestations
that can themselves be used as a measure of Safety Culture. The organisational aspects may be divided
between the requirements at policy level and the requirements on managers. Policy level requirements
include corporate commitment, appropriate management structure, adequate resources and self regulation.
At the management level, the characteristics are definition of responsibilities, control of working practices,
systems for selection and training, rewards and sanctions and provision for audit. Safety Culture, however,
is very much an individual characteristic, affecting personal attitudes and performance, and falls within the
attitudinal domain of Bloom's educational taxonomy. At an individual level, characteristics will be:

- Questioning Attitudes
- What are my responsibilities?
- What can go wrong?
- Are there any unusual circumstances?

- Disciplined and Prudent Approach
- Complying with procedures
- Seeking help where necessary
- Devoting attention to orderliness

- Communicative Approach
- Obtaining necessary information
- Reporting on and documenting results, both routine and unusual.

The publication of these IAEA reports has provided an extremely valuable framework on which utilities
can build. The establishment of a higher Safety Culture in our organisations, our managers and in our staff
will not happen without new initiatives. In the first place it is necessary to identify the current level operating
within our utilities. I would be surprised if following internal review the conclusion was made that all was
satisfactory and that there were no grounds for seeking improvements. Presupposing that an enhancement
is required it is necessary to identify the range of initiatives which collectively will achieve an enhanced Safety
Culture. Central in these initiatives are likely to be a number which require training to support implementation.
Such training needs may be directed at any level within a utility, from the Board of Directors, through the
managerial level down to the lowest levels in the organisational team on the power plant, all have their part
to play. Training organisations not only need to work in support of new initiatives in this field, they also need
to consider how the attitudes and practices symptomatic of a high safety culture in individuals can be
embedded in the existing largely technical training programmes. Treating Safety Culture issues as being
separate to job-related training will not achieve the intent of the IAEA documents, nor will it develop the
integration of technical and cultural knowledge, skills and attitudes required to support high operational and
safety performance.

Within my own utility a working group has reviewed the IAEA INSAG 4 document and considered
current Nuclear Electric policies and practices against the principles presented in it. A range of
recommendations have been made and accepted, and work has now commenced to follow them up. The
initiatives described by my colleague David Williams in his paper to be presented to this conference [8],
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include those being taken at Hinkley Point to change the culture at the station and are seen as being
consistent and supportive of the Safety Culture principles of the IAEA.

2.5 Management Competences

The role of a manager requires the creation of an atmosphere in which the right things take place and
people work together to meet the needs of the organisation. Managers must ensure that their staff know what
is expected of them; that they are provided with adequate resources, procedures and direction; and that they
are aware of their responsibilities, especially with regard to safety and the potential consequences of human
error. Managers must also satisfy themselves that apparent performance accords with reality. This is
particularly important in safety matters. Managers need to be assured that procedures are valid and
followed, and that operating experience is fed back.

Organisations which operate nuclear power plants employ a large number of highly qualified and
rewarded technical staff. There can be a tendency to assume that a good engineer automatically makes a
good manager, and that the skills required for managers and supervisors are no different from those of a
technical specialist. The systematic methodology referred to at the start of this section is also applicable to
management training for managers and supervisors. However the approach described in [3] lacks some
of the techniques required to develop and impart the «soft» skills in this field and techniques for assessing
competence are more difficult and are not amenable to the style of test used in technical training.

In Nuclear Electric, my own utility, considerable work has been taking place to develop a structure of
management competences. Sixteen key areas have been identified and four levels of competence have
been identified for each area. All managerial jobs have been assessed and the levels of performance
required in each of the management competences established. Through the company's performance
assessment process, the individual's performance is assessed and comparisons made with those for the
job profile. Shortcomings can be reviewed and action plans developed, whilst performance beyond the job
requirements might indicate a person who could contribute in a job which requires higher levels of
management competences.

This range of competences in each of the sixteen areas is being extended to cover all those staff on
power stations whose job function has supervisory responsibilities and the company's competence
specification for power station posts is being modified to incorporate these concepts alongside the more
traditional technical ones. Central to supporting this approach is the availability of courses designed to
develop non-technical skills. Such courses are being targeted at all staff within the company as it is
recognised that many off-site staff play a major role in the company maintaining its excellent safety record
and achieving its performance targets.

Historically there has been a tendency in the nuclear industry to provide technical training separately
to non-technical. However the job requires that they be implemented in an integrated manner. Whether it
is the control room staff, working as a team, solving a plant problem, communicating effectively with each
other and with staff colleagues or the analogous situation in a maintenance section, all can benefit from
properly designed job related training. In Nuclear Electric we have developed new courses for shift
operations staff to improve their understanding of individual's preferred team roles and hence to understand
how they might approach teamworking in the shift situation, with its changing membership due to holidays,
sickness and promotion. The course has been jointly developed by technical and non technical trainers
under the guidance of a power station Production Manager - the end customer for such training. It is my wish
to see further developments of this type with basic non technical skills learnt in an appropriate setting
reinforced during later training sessions whether on-site, in a training centre or on a simulator. To achieve
this integrated approach to job related technical and non technical knowledge and skills (and attitudes if
safety culture aspects are also incorporated) offers the potentiaf of achieving a more highly competent
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workforce sustained and supported through a programme of continuing training designed to enhance their
own job performance and hence support the achievement of the company mission and goals. However, it
does bring additional challenges in relation to the selection and training of instructors which need to be
addressed if this integrated approach is to be implemented effectively and economically.

The work on team training referred to above arose out of an initiative to survey the extent to which stress
existed amongst control room staff [9], and fuller details of the team training approach are presented in [10].

As further reinforcement for the significant role which non-technical skills play it is interesting to note
the results of a job analysis undertaken by INPO [11]. The aim was to identify the training needs of a Senior
Reactor Operator on promotion to a Shift Supervisor position. An initial training programme was developed
with twenty four different subject topics. By far the majority of the topics identified were in the non-technical
areas. The programme developed to impart these skills has a duration of 13 days and only uses classroom
instruction for 11 % of the time; more interactive, learner centred techniques are used for the remaining 89%.
A possible challenge for many of us is to review our own methods of developing Shift Supervisors - are we
satisfied with the basis for their development? Are we using appropriate criteria for judging that their
competence at the end of initial training adequately reflects the management and team leader role we require
them to undertake?

2.6 Commercialism

In reviewing the current status of training and related practices and in developing my views on areas
for reviewthere is one topic which I have so far omitted to mention, and that is commercialism. I am assuming
that overlaying the various training areas presented in this paper is the development of a commercial
awareness in staff, it is clearly essential to a utility's success that in addition to the technical, managerial and
safety cultural competences, staff at all levels act and make decisions which reflect the commercial
dimension. This requirement has been highlighted with recent developments such as the European
Commission Energy Charter and the -third party access- issue which if fully implemented will put greater
emphasis on competitiveness and hence on commercialism. However, whilst I accept that the commitment
of resources to training should be subject to commercial considerations, I believe that as utility performance
is so strongly associated with staff performance, investment in staff development is an essential activity
which should be treated with the same consideration as other investment opportunities.

3. CONCLUSIONS

I have no doubt that the typical training programmes now in place in our utilities represent major
progress since the TMI accident of 1979. However I believe that in reflecting on the current situation, many
utilities could, with benefit, review their current approaches with regard to:

- initial and continuing training of non Operations staff with respect to their job related needs and the
relativity with Operations staff,

- the use of a systematic approach to the development and implementation of training which is
designed to be learner centred rather than instructor dominated and which makes use of the
emerging technological approaches,

- the use of training efficient and cost effective simulation devices to bridge classroom and full scope
simulator training,

- the development of formalised processes for assessing the continuing competence of Operations
staff (and of others whose role warrants it),

- the development, maintenance and enhancement of the ^safety culture* within their organisation,
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the recognition of the part which management competences play in achieving operational
performance and safety objectives and hence the approach to their development within the utility
workforce,

the integration (where practicable) of technical, non technical and safety culture training so that the
job skills are developed in a holistic manner.
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EXPERIENCE FEEDBACK 3.1.3

by Stanley J . ANDERSON, Vice President, International and Supplier Division
Institute of Nuclear Power Operations (INPO)

• ABSTRACT •

The Three Mile Island (TMI) accident served as a signaling event emphasizing the need for the United States
nuclear industry to make better use of operating experience. The President's Commission on the Accident
at Three Mile Island, called the Kemeny Commission, stated "There must be a systematic gathering, review,
and analysis of operating experience at all nuclear power plants... coupled with an industrywide international
communications network to facilitate the speedy flow of this information to affected parties". In response to
the TMI accident, U.S. nuclear utilities formed INPO. The Chernobyl accident made the need for enhanced
experience feedback clear to the world's nuclear industry and prompted the formation of the World
Association of Nuclear Operators (WANO).

The emphasis of this talk will be on the effective processing of industry experience feedback and the role
that the Institute of Nuclear Operations plays in this effort for both the United States and the international
nuclear industry.

In response to the Kemeny Commission recommendations, INPO established the Significant Event
Evaluation and Information Network (SEE-IN). The goal of SEE-IN is to identify events that may be precursors
to future events, and to report those events and lessons learned to all U.S. plants. Correspondingly the plants
take corrective action to prevent similar future incidents that might lead to an event of major significance. The
principle source of SEE-IN information is Licensee Event Reports from the U.S. NRC. Also, SEE-IN uses
INPO's NUCLEAR NETWORK as the communications network through which INPO receives additional
reports of nuclear plant events throughout the world. INPO's Events Analysis Department reviews these
events for individual or collective significance. Information developed during this review is then reported to
the industry on NUCLEAR NETWORK and through a series of INPO documents. With the formation of WANO,
the identification, and analysis of events and the distribution of event reports has become a world wide
endevor. Information on and lessons learned from significant events from around the world are now available
to U.S. utilities and U.S. plant event information finds its way to all WANO members.

When several events are reviewed that show evidence of similar weaknesses, such as when infrequently
performed tests are being performed without adequate controls, a Significant Operating Experience Report
(SOER) is prepared and transmitted to the industry. SOERs, the most important SEE-IN documents, describe
the contributing events and list recommendations that each U.S. plant must address. Followup on SOER
recommendations is considered mandatory for U.S. plants, and the actions taken by each plant to address
each of these recommendations are reviewed during INPO evaluations.

The second level of SEE-IN document is the Significant Event Report (SER). These inform utilities of individual
significant events and lessons learned that were identified through the SEE-IN review process. One example
SER describes inadequate control of reactivity changes during a plant shutdown that resulted in an
unplanned plant transient.

Lower levels of SEE-IN documents are the Significant Event Notification (SEN) reports. These provide prompt
notification of potentially significant events that have occurred, but contain less analysis information than
SOERs or SERs. Operational and Maintenance Reminders (O&MR) describe less important events or
equipment failures, which can be used by the industry to avoid similar equipment failures or personnel
errors •
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Good afternoon. It.is a pleasure to have the opportunity to discuss with you the use of operating
experience. In particular, i would like to focus on the use of key operating experience feedback products.
I will conclude with a discussion of the elements we have found to be essential in an effective experience
feedback program.

I believe it is especially appropriate to discuss operating experience from the perspective of the
Institute of Nuclear Power Operations and the World Association of Nuclear Operators, since the formation
of both organizations was a direct response to serious operating experiences. The creation of the Institute
of Nuclear Power Operations was one response by U.S. utilities to theThree Mile Island accident. The nuclear
electric utility industry established INPO in October 1979 to promote the highest levels of safety and reliability
— to promote excellence — in the operation of nuclear electric generating plants.

Similarly, the creation of the World Association of Nuclear Operators in 1989 was the worldwide
response to the 1986 accident at Chernobyl. Its mission is to maximize the safety and reliability of nuclear
power plants by exchanging information and encouraging communication, comparison and emulation.

WANO's four key activities are:

- operator-to-operator exchanges;

- operating experience exchange;

- plant performance indicators, and;

- sharing of good practices.

Similarly, INPO's activities fall within four cornerstone areas;

- evaluations;

- training and accreditation;

- events analysis and information exchange, and;

- assistance.

As you can see, both organizations have a strong emphasis on operating experience and the
exchange of information.

The importance of operating experience exchange was identified in 1979 in a report by The
President's Commission on the Accident at Three Mile Island.

A recommendation from that report concluded:

"There must be a systematic gathering, review, and analysis of operating experience at all nuclear
power plants coupled with an industry wide international communications network to facilitate the speedy
flow of this information to affected parties. If such experiences indicate the need for modifications in design
and operation, such changes should be implemented according to realistic deadlines".

One of INPO's initial challenges, then, was to establish a program by which operating experience
could be:

- systematically gathered throughout the entire industry

- analyzed for lessons learned, and

- reported to applicable plants.
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The medium for this exchange is the Significant Event Evaluation and Information Network, or SEE-IN.
Over the last 10 years, we have seen a significant improvement in the collection, review, analysis and
distribution of lessons learned from operating experience.

The objective of the SEE-IN program is to improve nuclear plant safety and reliability by allowing each
plant to learn from the operating experience of the entire community of nuclear plants. This is accomplished
by first identifying precursor events or problems, analyzing them and reporting them to all stations for
corrective action before the precursors lead to an event of major significance.

INPO reviews and analyzes operating and construction experiences and events from both domestic
and non-U.S. nuclear plants. INPO members support the events analysis program by providing INPO with
detailed and timely operating experience information, such as off-normal events in the construction, testing,
or operation of nuclear plants. INPO also conducts detailed field investigations of selected events to
determine root causes and ensure accurate and timely dissemination of lessons learned to help prevent
recurrence.

Events are screened and analyzed for significance, and those with generic applicability are
disseminated to the industry. Response to the recommendations that result from this program by nuclear
stations in the U.S. are reviewed as a part of INPO's plant evaluation process.

INPO's Role in Experience Feedback

The system used by INPO to receive many event reports and to pass analysis of the events to the
industry is NUCLEAR NETWORK — a worldwide computerized electronic messaging system. NETWORK
is-also used by the World Association of Nuclear Operators for communication among its members and its
regional centers.

INPO receives over 6,000 event reports each year from its member and international participant
utilities, WANO, the U.S. Nuclear Regulatory Commission, and from the International Atomic Energy Agency.
These event reports are systematically reviewed through the event screening process.

This process identifies the relatively few events that are significant to nuclear plant safety. The
significance of a particular event lies in the actual or potential consequences of the event and in the
probability that it is a precursor to a more serious event.

Events that are determined to be significant are given to the industry as SEE-IN documents and are
issued on NUCLEAR NETWORK. SEE-IN documents are provided to the industry in one or more of the
following forms :

- significant event notifications (SENs)

- significant event reports (SERs)

- significant operation experience reports (SOERs)

- operations and maintenance reminders (O&MRs)

- INPO special reports

- workshop and seminar presentations

These documents clearly describe the event's occurrence, including the contributing equipment and
human performance problems that caused or complicated the event. The documents also emphasize
programmatic or underlying causes that experience has demonstrated are precursors to significant events.
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I will now turn to the two INPO documents that receive the most industry attention : Significant Event
Reports, or SERs and Significant Operation Experience Reports, or SOERs.

SERs inform utilities of significant events and lessons learned identified throughout the SEE-IN review
process. While SERs do not contain recommendations, they do contain comments that offer sound guidance
for addressing the event being discussed.

SOERs transmit INPO recommendations to address a significant problem area that is important to
nuclear safety and reliability. SOERs usually describe several events that highlight the subject of concern.

Sections are included that identify the plants at which the events occurred; a brief description of the
events; and the causes, consequences, and corrective actions. Analysis and comments on the events are
provided to address generic implications. The final section provides recommendations for preventing and
coping with the problem.

U.S. utilities have committed to implement these recommendations, and the effective implementation
of SOER recommendations is evaluated by INPO during periodic plant evaluations and accreditation team
visits.

Each SOER is assigned a red or yellow color code to reflect the relative importance and urgency of
the recommendations. A red priority SOER indicates that immediate management attention is required to
complete the review for applicability and to determine actions necessary to address the intent of the
recommendations within 90 days of the SOER issue date.

A yellow priority SOER indicates that the applicability review and determination of action necessary
to address the intent of the recommendations should be completed in within 150 days of the SOER issue date.
SOERs are distributed by mail or via NUCLEAR NETWORK to the senior management at INPO member
utilities and international participants.

INPO SERs and SOERs are also provided to WANO members. Selected SERs and SOERs are
reformatted as WANO Event Analysis Reports or Event Topic Reports and sent to the WANO - Atlanta Center
for further distribution to all WANO members.

Each SOER represents the application of many years of nuclear power experience in their development,
and INPO spends an average of 24 weeks developing an SOER. Numerous reviews by INPO personnel and
management ensure that the correct recommendations are being made to the affected utilities. Periodically,
INPO reviews old SOERs for continued applicability and combines numerous SOERs into a single document
such as Selected Significant Operating Experience Report Recommendations 1980 — 1990, issued last
year.

In a related area of information exchange, INPO operates an extensive computer complex to provide
members and participants access to data in areas such as plant performance, training, operating
experience, and equipment reliability.

One such data base on the INPO computer is the Nuclear Plant Reliability Data System (NPRDS),
which provides reliability data on nuclear plant systems and components that are important to nuclear plant
safety and reliability.

An Effective Experience Feedback Program

The nuclear industry has effectively used experience feedback as a beneficial tool, not just to prevent
problems, but also to improve nuclear station safety and reliability. Therefore, an effective experience
feedback program can be a cost effective tool to improve station safety and reliability.
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There are several elements of an effective experience feedback program. These are :

- strong organizational and senior management support

- in-house operating experience

- industry operating experience, and

- program effectiveness reviews

Organizational and senior management support

Let me first discuss organizational and senior management support, for without it, the program is
destined to fail.

In order to accomplish assigned tasks in a thorough and timely manner, the operating experience
program should have strong support and involvement of senior utility management and station line
management.

Administrative systems should be in place to trend recurring causes of in-house events and to track
corrective action items resulting from operating experience reviews. Senior utility management should
monitor and ensure timely implementation of corrective actions identified during effectiveness reviews. In
the U.S., we have found that placing the program under a single manager is very effective in ensuring
accountability.

Since a successful program draws on the expertise of many disciplines, the operating experience
function must cross all organizational boundaries. Typically, those departments with operation experience
review responsibilities include: independent safety review, operations, maintenance, engineering, radiological
protection, chemistry, training and licensing.

Individuals who conduct event investigations should be provided with training in investigation
techniques. In the U.S., some of these techniques include accident investigation, management oversight
and risk tree analysis or MORT, barrier analysis and symptom classification.

In-house operating experience

The value of in-house operating experience cannot be overstated. Seemingly minor events that take
place at a plant on a daily basis often have root causes that are precursors to a significant event. The goal
of evaluating these in-house occurrences is to detect those root causes that, by themselves or as a trend,
may result in future significant events. For an in-house operating experience program to be effective, each
event should be identified and screened to determine the need for a root cause investigation.

Root causes should be identified as well as lessons learned. Prescribed corrective actions should, of
course, be carried out in a timely manner.

There is one more important element of an effective in-house operating experience program —
reporting the event so that it may be shared with others. The report should be made as soon as you have
reasonable information on the topic, and should contain enough information for it to be easily understood
by others who may not be familiar with your station. Consider reporting an event to the industry if it is the kind
of event that you would want to read of if it happened in another station.

It is also appropriate to use the operating experience program to describe your strengths. Others can
use your ideas to enhance their own programs, thereby increasing the margins of safety at plants worldwide.
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Industry operating experience

The primary goal of assessing industry operating experience is to ensure that lessons learned are
translated into corrective actions that improve plant safety and reliability. A comprehensive program is
needed to ensure that industry operating experience information is assessed. And again, actions to prevent
similar events at the station must be timely and effective.

A key to an effective industry operation experience program is a formal screening process. The result
of this screening process is the identification of those reports that merit further assessment based on
applicability, significance and probability of occurrence at that station. If applicable, event descriptions
should be forwarded for incorporation into station training programs.

Program effectiveness reviews

The final element is a periodic program effectiveness review. The review provides utility management
with feedback on the program and identifies weaknesses for corrective action. Ultimately, utilities can
determine the effectiveness of their operating experience program by examining the number, severity and
recurrence rate of events.

A typical review should examine how well operating experience is being communicated to station
personnel. Determining the knowledge and understanding of the material can be accomplished through
interviews.

The philosopher George Santayana said, "those who cannot remember the past are condemned to
repeat-it». Those words apply to our discussion today. Without an appreciation for the events that have
occurred at other nuclear stations utilities worldwide are destined to face these events again and again.

The experience base of our industry base is vast. There are few problems that have not been
addressed by others and most have already been solved. The industry's efforts to gather, analyze and
disseminate operating experience are only as valuable as the degree to which the lessons learned are
implemented at the plant level.

We encourage you to use the resources of INPO and WANO to save you work, make your plants more
reliable, and most importantly, to make your plants safer.
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ROOT CAUSE ANALYSIS 3.2.1

by Hartmut BILGER - Energie-Versorgung Schwaben AG
and
Hans-Josef ZIMMER - Badenwerk AG
GERMANY

*ABSTRACT *

Power plant operators in many countries are aware of the increasing importance of experience feedback
for safety and economic reasons.

One of the tools for the experience feedback is the so-called root cause analysis.

The presentations will give answers to the following questions:

• What is root cause analysis?

• What are the purposes of root cause analysis?

• What are the techniques for a root cause analysis?

• How is root cause analysis developed and applied in UNIPEDE countries and in the US?

• What are the necessary conditions and limitations for root cause analysis?

Finally some examples will demonstrate the benefit of such analysis for the revealing of weaknesses in
design, organisation, maintenance and operation •
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The primary aim of nuclear power plant operation is the safe and reliable generation of electricity with
a high level of plant availability. If this is to be achieved, operating conditions must make allowance for the
identification of faults and the correction of latent power plant defects. Where undesirable incidents or events
occur in spite of all preventative measures applied, operators will generally attempt to eliminate any future
repetition through the retrospective investigation of the causes of the events concerned and the implementation
of suitable countermeasures. In many cases, since this causal investigation will not be carried through to its
ultimate conclusion, the «true cause» of events will remain unidentified. Systematic root cause analysis has
become well-established internationally as a system for detailed causal investigation. This method is based
solely upon factual data, which forms a basis for the establishment of appropriate countermeasures.
However, these countermeasures must also take account of business interests, namely, the provision of a
safe and cost effective electricity supply. Using a practical example, this paper sets out the basic methods
and conditions required (in terms of operations and personnel) for the performance of root cause analysis.

1. INTRODUCTION

Every power plant operator aims to increase availability and improve economic efficiency. A
systematic analysis of the causes of incidents will increase the availability of power plants. This analytical
method for nuclear power plants has been developed and successfully applied by the INPO.

As an example, Figure 1 shows how the availability of the Davis-Besse power plant in the USA has been
increased by the application of root cause analysis. [1 ]. During the early years of operation in this plant, from
1978 to 1984, unscheduled shutdowns accounted for a relatively high proportion of operating time, in
percentage terms. In the wake of major incidents,in 1985/1986, the management decided that deficiencies
in the design and operation of systems and components should be determined and recorded by the
application of root cause analysis. As figure 1 shows, a drastic reduction in unscheduled shutdowns and a
substantial increase in availability has been achieved since 1987. This example provides a direct indication
of the benefits of root cause analysis.

On the basis of annual figures for rapid shutdowns in the various member countries from 1981 to 1984,
the IAEA has shown that the benefits sought through the application of consequential analysis have been
achieved [2]. The results contained in this report clearly confirm that a substantial reduction in the number
of rapid shutdowns has been achieved through the adoption of a more consequential approach in
retrospective root cause analysis.

2. DIFFERENCES BETWEEN ROOT CAUSE ANALYSIS AND CONVENTIONAL EVENT
ANALYSIS

2.1 Example of an accident sequence

Gano [3] has demonstrated the principle of root cause analysison the basis of the following theoretical
example, which has since become a well-known scenario.

The details of this scenario (as shown in figure 2) are as follows : two technicians are carrying out the
monthly surveillance of the reactor water clean-up system isolation logic in a boiling water reactor operating
at full capacity. At the same time, an operator increases the voltage in the 125 V d.c. battery charger.

The following events occur shortly afterwards: the reactor water clean-up system isolated low reactor
water level alarm; fall in speed of rotation of feedwater pumps; automatic scram in response to low water level
in the reactor pressure vessel.
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2.2 Results of event-based analysis

Retrospective analysis shows that the isolation of the reactor water clean-up system was caused when
an ITC technician's shirt sleeve caught on a jumper lead and pulled it loose from the test connection - a clear
case of human error. The reactor scram was determined to be an equipment failure, namely, a burn-out
varistor in the feedwater turbine shutdown control system. The failure of the varistor also led to a blown fuse
in the power supply for the reactor feedwater level control system.

Countermeasures were therefore based upon human error and equipment failure, as established by
the results of this event-based analysis. The problem with this scenarioarises from the fact that the real cause
of the events concerned is never discovered. Had the parties concerned been aware of the procedure for
root cause analysis, the results obtained would have been as follows :

2.3 Results of root cause analysis for this accident

The isolation of the reactor water clean-up system could have been prevented by the user-friendly
arrangement of equipment for maintenance purposes. A system which is to be tested ten times per annum
should be designed in such a way that no flexible lines need to be laid for each test procedure. Technicians
were bound to commit an error sooner or later - this was only a matter of time.

The analysis of events leading to the rapid shutdown of the reactor was not carried through to its
ultimate conclusion. Had this analysis been pursued, it would have emerged that the varistor was only
designed for a maximum voltage of 125 V. The increase in the battery charging voltage led to the overloading
and burn-out of the varistor. Consequently, this was a clear design fault, rather than a case of spontaneous
failure in the component.

2.4 Conclusions and definition of root cause analysis

In many cases, the causes of accidents identified by event-based analysis are only the manifestation
of «root» causes. The purpose of systematic analysis is to identify these root causes, which will ultimately
lead to unscheduled and undesirable events. Where these root causes can be identified, any repetition of
these events with the same root causes.

3. PERFORMANCE OF A ROOT CAUSE ANALYSIS

Root cause analysis will generally be carried out in five stages [4], [5 ] :

Stage 1 : Collect data

All available (factual) data on the occurrence of the incident concerned will be recorded in order to
allow the most detailed possible description of that incident and the establishment of the chronological
sequence of events. Any technical or organisational documents which are available within the plant and
which may be of use in causal analysis will be consulted. The collection of data should begin immediately
after the occurrence of an accident, in order to prevent the loss of any important information. In addition, all
failed components which have been retained in connection with the event concerned should be recorded,
together with the details of the personnel concerned.

Honesty and lack of prejudice in the collecting of data are essential to the subsequent success of root
cause analysis.
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Stage 2 : Evaluation of data (analysis of the impact of accidents')

Data collected in the course of stage 1 will be evaluated in stage 2 on the basis of the following
questions: -How and why did the event occur?». The chain of cause and effect will be investigated on the
basis of each element of the sequence observed. Each causal element identified by this process will then
be subject to more detailed critical root cause analysis.

The results of this root cause analysis may be systematically recorded in a specific data bank for the
plant in question, and will then be subject to statistical analysis. Causes have been divided into three groups
which correspond to the three main elements of each operating process. These three groups are as follows:
human error, instruction error and equipment error.

These three basic elements may be subject to further subdivision, which will vary widely, depending
upon the user concerned. In general, however, subcategories applied will include the following:

- Human error

- procedure not followed
- training deficiency
- lack of attention, insufficient capacity etc.,
- communication deficiencies

- Procedural error (at the man-machine interface)

- procedure incomplete or non-existing
- incorrect procedure information
- too many instructions- in the procedure

- Equipment error

- design deficiency
- deficiencies in specifications, manufacture or assembly
- maintenance deficiency
- premature equipment wearout

These subcategories account for some 90% of all causes recorded to date.

Further investigation and analysis of specific notified events by the INPO has shown that more than
50% of undesirable events in nuclear power plants may be attributed to human error [6]. Figure 3 shows an
example of the division of human errors into root causes, root cause categories and root cause subcategories.

Stage 3 : Establishment of countermeasures

Once root causes have been established, stage 3 will involve the definition of suitable countermeasures.
The selection of these countermeasures will be based upon the following criteria:

- the prevention or exclusion of any repetition of undesirable events using the countermeasures
concerned;

- expenditure required for the implementation of countermeasures;

- compatibility of countermeasures with basic business requirements (cost-benefits analysis).
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Stage 4 : Internal and external information on the outcome of root cause analysis

The results of root cause analysis, together with details of countermeasures to be applied, should be
presented and explained to plant managers and operating personnel, particularly those involved in the event
concerned. It will also be useful for other operators to be informed of the outcome of root cause analysis, in
order to allow similar problems to be circumvented.

Stage 5 : Verification of the effectiveness of countermeasures

A careful programme of follow up action to be applied in conjunction with countermeasures is an
essential element of root cause analysis. This is the only means of ensuring that the correct countermeasures
have been applied and that problems arising have been solved. However, should there be any recurrence
of the undesirable event concerned, root cause analysis will need to be repeated, taking account of the new
limiting conditions arising.

4. ORGANISATIONAL AND PERSONNEL REQUIREMENTS

The team responsible for the performance of root cause analysis will require a team leader, who will
be familiar with the methodology involved in this systematic analysis. The team leader must have a sound
knowledge of power plants, will possess technical know-how and must have experience of dealing with other
people. He will not be subordinate, in either technical or organisational terms. The team leader will have
unrestricted rights of consultation with the senior power plant manager. The remainder of the analysis team
will comprise expert personnel with the following specialities: systems and component engineering, man-
machine interfaces and stress analysis. Depending upon their experience, individual team members will
undertake intensive training or further training in engineering, operations and organisation. There is no doubt
that only a highly-qualified team of experts will be capable of conducting a successful root cause analysis.
In other words, there is no substitute for expert personnel

5. ADVANTAGES OF SYSTEMATIC ROOT CAUSE ANALYSIS FOR THE OPERATOR

The main benefit to be derived from effective root cause analysis is the demonstrable reduction in
undesirable events and incidents in nuclear power plants, including scrams and other unscheduled
shutdowns. The overall level of nuclear power plant safety will therefore be increased.

Since root cause analysis can also be applied to a wide variety of other problems arising in power
plants, the advantages of this method are not restricted to the problems described above. More specifically,
root cause analysis can fulfil a support role in the following areas :

- The improvement of man-machine interfaces, with a consequent reduction in human errors;

- The optimum management of maintenance costs;

- The reduction of radioactive waste;

- The application of reactor state-oriented maintenance strategies [7].

Root cause analysis is therefore an essential tool for the economic operation of power plants with a
view to future developments [8].

However, it should be noted that the above aims can only be achieved within a manageable time scale
and at an acceptable cost if the necessity for root cause analysis and the performance of that analysis is
clearly advocated and supported by the power plant management.
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6. SUMMARY

Root cause analysis is an internationally proven method for detailed and effective causal analysis in
case of incidents or other undesirable event in nuclear power plants. Using this method, it has been possible
to achieve demonstrable improvements in the functioning and optimum technical operation of a variety of
power plants. This method produces a clear improvement in plant availability and reactor safety, i.e. there
is a significant reduction in unscheduled shutdowns and events relating to reactor safety. Experience has
shown that the characteristics of root cause analysis should be as follows:

1. Analyses should be conducted directly after the occurrence of incidents by a team which has been
specifically appointed for this purpose. Only the rapid implementation of this analytical process will
ensure that the most important data and information is not lost.

2. Root cause analysis should be carried out with great care on the basis of factual information only.

3. Prior to the definition and implementation of countermeasures, cost-benefit analysis should be
used to confirm scope for the fulfilment of commercial requirements, i.e. the most cost effective and
reliable provision of energy.

4. The successful application of root cause analysis will only be possible where the power plant
management is able to fulfil the necessary requirements, in terms of organisation and personnel.

UNIPEDE countries are now introducing this procedure in a large number of power plants, although
the level of progress reached in this process varies widely from country to country. Given the variety of
circumstances encountered in different power plants, the adoption of any uniform approach by UNIPEDE
countries is not to be recommended. However, the authors of this paper are proposing that a group of experts
be constituted in order to exchange information on experience gained during the introduction and
application of this procedure. This would assist in the future identification and recognition of anyorganisational
or specifically plant-related deficiencies encountered in nuclear reactors.

Acknowledgements: At this point, we would like to express our sincere thanks to the following for their
cooperation and the provision of information on root cause analysis : Mr. Barandiaran, IBERDROLA;
Mr. Bento, Kamkraftsakerhet och Utbildning AB; Mr. Cervin, SYDKRAFT; Mr. Hagen, KKW-Philippsburg;
Mr. Hausermann, KKW-Leibstadt; Mr. Lannoy, EDF; Mr. Mampaey, ELECTRABEL; Mr.Tamminen, Loviisa
Power Plant; Mr.Tiktak, N.V. Elektriciteits-ProduktiemaatschappijZuid-Nederland; Mr.Ulens, ELECTRABEL.

108 Part 5 • Session 3



REFERENCES

[1] Garver R.G. et al., Root Cause Analysis, an essential culture at David-Besse, Trans, of ANS, 61
(1990)296-298

[2] IAEA-TECDOC-377, Safety Aspects of Unplanned Shutdowns and Trips, IAEA-Vienna (1986)

[3] Gano D.L., Root cause and how to find it, Nuclear News, (1987) 39 -43

[4] INPO 90 - 004, Root Cause Analysis, Good Practice OE-907, (1990)

[5] IAEA-TECDOC-573, Asset Guide Lines, IAEA-Vienna (1987)

[6] Embrey D., Bringing organisational factors to the fore of human error management.'NUCL. ENG.
INTERNATIONAL (1991) 50 - 52

[7] Hausermann R., Learning from experience : the KKL approach to a successful OKTAGE
MANAGEMENT. IAEA-SR-175/22, IAEA-Vienna (1991)

[8] Lannoy A., The objectives of operating feed back,... EDF/DER Report, HP-16/91.21 (1991)

Part 5 • Session 3 109



Percent MwH*10(

Oi

100
Starting

Root-Cause
Analysis

Gross
Generation

Capacity
Factor

78 79 80 81 82 83 84 85 86 87 88 89 90 91 92

8

I Fig. 1 Davis - Besse nuclear power performance trends [1 ]



Reactor state Events Event-based analysis
(direct cause)

Root cause analysis

BWR at full capacity;
work being conducted
as follows

Monthly testing of
reactor water
clean-up system
isolation logic

Increased charging
voltage in 125 Vd.c.
battery

time

o
• 4.15

4.16

4.18

4.19

Reactor water clean up
system isolation

Inadvertent loss of
contact during monthly
testing

m Human error

Low reactor water level
Loss of speed of rotation
in feedwater pump

f
Scram

Burn-up of varistor
and fuse

Component
failure

Lack of user-friendliness
in test equipment

m Design fault

Varistors only suitable
forV<125

m Design fault

Fig. 2 Comparative results of event-based analysis and root cause analysis conducted by GANG [3]



Root-Cause category

External
5%

Other
5%

Subcategory
(Human Performance Problems)

Deficient Policy
supervision problems

3% 2%

Manufacturing
7%

Design
deficiencies

32%

Human
performance
problems

51%

Deficient planning
or scheduling

10%

Miscommunication
6%

Failure to follow
procedures

16%

Deficient procedures
or documentation

45%

ROOT - CAUSE:
- Experience Operator
turns switch in wrong
direction etc.

Lack of training
or knowledge

18%

&
o'
CO

Fig .3 Distribution of Major Root Cause Categories [ 6 ]



INCREASING HUMAN RELIABILITY IN NUCLEAR POWER 3.2.2
STATION OPERATION: THE BELGIAN SITUATION
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and
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• ABSTRACT •

Since the beginning of the development of industrial activities, people have needed to interact with
machines.

Though more and more industrial processes are being automated, man is absolutely necessary since
machines cannot be programmed for all possible situations.

Human intervention can be the only way to mitigate unexpected incidents. Therefore, the total reliability of
a system is the reliability of both the mechanical and electrical components of the system and of the operator.

The aim of this paper is to give an overview of the different situations where man interacts with machines and
of the measures taken to increase the reliability of those actions.

We will focus on what is done in the Belgian nuclear power plants in the field of maintenance and control
activities, recovery of accidental or incidental situations, training of the operators, operator's aids.

The effects of those activities on the plant safety are quantified in PSA (Probabilistic Safety Assessment)
studies. First conclusions of the first study will be given in the field of human reliability and its improvement •
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1. INTRODUCTION

Ever since industrial activities started developing, people have had to interact with machines. At first,
those machines were quite simple but with time they became more and more complex.

Nowadays almost everybody drives a car, works with computers, takes the plane or the train...

In the same way, more and more industrial processes are being automated. This is necessary to
guarantee a high safety level, to assure high speed reactions and successful performance of complex
actions. However, man is absolutely necessary since machines cannot be programmed for all possible
situations. Human intervention can be the only way to mitigate unexpected incidents.

Therefore, the total reliability of a system is the reliability of both the mechanical and electrical
components of the system and of the operator.

In nuclear power plants, the operator intervenes in different ways:

through maintenance, periodical tests, repairing after failure, during normal operation,
through application of procedures, diagnosis during an incident or an accident.

For each category of intervention, human action can be either favourable or detrimental for plant
safety.

The aim of this paper is to give an overview of the different situations where man interacts with
maetwies and of the measures taken to increase the reliability of those actions.

We will focus on what is done in the Belgian nuclear power plants in the field of maintenance and
control activities, recovery of accidental or incidental situations, training of operators and operator aid.

2. CHARACTERISTICS OF HUMAN BEHAVIOUR

Before giving an overview of the different operator action domains it is interesting to recall the
characteristics of human behaviour, as described in ref [1].

2.1 The human brain is not a multiprocessor

The human brain cannot simultaneously execute different operations. They are all executed
sequentially i.e. one after the other.

This means that the human brain cannot accept excessive workload. When too many data need to
be treated simultaneously, the brain selects some of them and ignores others.

For instance, even noisy alarms may be ignored if an operator has too large a workload.

However, some tasks could become a reflex if we know them well and if we get used to them (for
example, remain standing without falling (have equilibrium), drive a car on a motorway without traffic,...).

Those -reflex ; ctions» do not increase the workload of our brain too much.
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2.2 We need information

In order to stay vigilant, an operator needs to receive information, otherwise he will start thinking about
anything, start dreaming and fall asleep.

2.3 We need to be able to predict what will happen

This reduces workload since we only need to verify from time to time whether our prediction is correct
and thus we are free to control other parameters and interpret other information.

2.4 Low probabilities cannot be derived from experience

The risk is usually not correctly perceived.

To confirm an error probability of 10", it is necessary to make 2.3 10" experiences without any error.
Then the confidence level is 0.9.

230 experiences without error can justify a probability of 10z.

-We did it a hundred times and nothing happened- does not mean that the risk is zero, but rather of
the order of 1/40!

2.5 The human brain builds a mental representation of a situation

The problem is then to readapt the mental representation of reality when new information appears.

It has been demonstrated that we are often inclined to adapt the situation to our mental representation.

Therefore, we ignore or incorrectly interpret some of the new information we received, in order to obtain
coherence with the representation that already exists in our memory.

3. TYPES OF HUMAN ERROR

Knowing human behaviour, we can determine different kinds of possible human error (ref [1]).

3.1 Perception error

The operator could fail to perceive a signal either because he is busy with something else (too large
a workload), or the signal disappears too quickly or the signal appears with too many others...

3.2 Interpretation error

The information is coded, represented by a symbol. A misinterpretation of the symbol could lead to
an interpretation error (red or green lights, representation of valves, pumps, safety valves, tanks,...).

3.3 Mental representation error

As said before, the mental representation of a system has to be changed when new information
appears.

When an accident occurs, the problem is to diagnose it i.e. to find out what has happened, what is
the cause of the accident and what must be done to mitigate it.
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Sometimes we neglect some important information and build a false representation of the situation.
It is then difficult to change our mind to take into account the neglected information.

3.4 Procedure deviation

For different activities, procedures or laws have been established. If the operator who uses them does
not know the reason of a law or a step in the procedure, he could think it is not needed, skip it and perhaps
degrade the safety level of the system.

3.5 Communication error

If the message given by a person to another person is not sufficiently clear and accurate (unambiguous),
there may be a communication error.

3.6 Decision in a given time

In some accident situations, the operator has a limited time to take corrective actions. If he takes too
much time, the accident could have unexpected consequences.

3.7 Error of sequence or qualitative error

If different actions must be taken successively, the order of the actions may be important. An inversion
of two steps in the sequence may lead for example to breakdown of a piece of equipment.

4. APPLICATION TO THE BELGIAN NUCLEAR POWER PLANTS

The different human activities in a nuclear power plant can be classified into three categories:

normal operation (1> / operators in control room,
abnormal operation (incident - accident) / operators in control room,
maintenance and periodical tests / technicians in local.

In what follows, we will try to identify for each category the management decisions taken or the
efforts (2) made in order to increase the human reliability in the Belgian nuclear power plants, and to relate
them to one of the five means that can be used to improve reliability, i.e.:

training,
use of written procedures,
learning from experience,
operator aid,
communication.

We will also try to pointout for each effort, the type(s)of human error (as defined in chapter 3) that could
be avoided.

(1) Normal operation includes
full power operation,
hot shutdown,
transition to cold shutdown
cold shutdown

(2) N8: Some decisions or efforts could be related to more than one cau: iory of human activity
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The aim is to give a description that is as exhaustive as possible. That is the reason why we will also
describe actions that are quite currently taken in NPP and that are not specific to the Belgian plants.

A synthetic view is given in table 1.

4.1 Normal operation

a) Training

The Belgian plant operators have been working with full scope simulators for many years, first in
France on the Bugey simulators, and for 3 years on the Belgian simulators located close to the sites(3).

After the -basic training- for new operators and plant personnel, the operation teams receive a -yearly
training- consisting of (ref [7]):

two weeks per year, lessons in a classroom, on the use of documents, with oral questions and
answers, written exercises,...
another two weeks per year, a simulator training during which the team can familiarize with
normal operation actions (including transition from hot to cold shutdown and vice versa).

The training allows to reduce «procedure deviation errors- and "qualitative or sequence errors-.

b) Written procedures

Normal operating procedures have been written by the NSSS supplier and the architect engineer, then
reviewed, upgraded and completed by the operation engineers. The operators discuss those procedures
with the engineers and validate them on simulators. Their remarks are taken into account and the procedures
are regularly revised. In that way, the error of -procedure deviation- is limited.

c) Operator aid

Operator aid is also developed in order to reduce the operator's workload during normal and abnormal
conditions.

• Since the start of the nuclear programme in Belgium, particular emphasis has been placed on high
NPP availability through the increase of automatic control from startup to full power.

The automatic steam generator level control system is designed to reduce the operator's workload,
especially at low power, when SG level control is very difficult and when in consequence the risk of
emergency trip is higher.

The system made with micro-processor technology allows full automatic control from reactor criticality
to full power, it keeps the level within limits during heavy transients such as return to house load from full
power, fast turbine runbacks, feedpump trip, turbine synchronization (ref [14]).

This improvement allows to reduce qualitative errors or errors of sequence.

• The next improvement is not really an -operator aid»but it can be classified in that category because
it helps the operators feeling better in their work.

<3) 3 units on the Tihange site, 4 units on the Doel site
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Two psychologists performed an ergonomic revision of the control room design of one of the Belgian
units.

This led to a regrouping of components for a same function in a same geographical zone (few controls
were shifted). Some parts of the mimic panel were redrawn to be more logical. Another conclusion of the
study was that the panel color was not appropriate and too tiring. The panels were therefore coloured in
various and restful colours (i.e. pastel tints). Each function now has a different tint. Perception and
interpretation errors have thus been reduced.

• A new generation of process supervising computers is progressively being installed with the aim of
improving the interface between process observation and the operator (ref [6]).

The objective of the system called DIMOS (Distributed MOnitoring System) is to process the -primary-
information available from the plant sensors in order to:

check the validity of this information,
gather and synthesize information,
filter information,
visualize the data at the place where the user needs them.

This new system is already in operation in two units, and is under development for a third one. The
operators are very satisfied with the system, which reduces perception and interpretation errors.

• A system called ARCHIMEDE (ref [11]) has been developed as an on-line operator assistance
system. It is a fast core simulator based software aiming at:

on-line core follow-up,
on-line check of safety margins,
core behaviour prediction during a planned power transient,
operator assistance during planned or incidental power transients.

It receives general operation data (rod positions, power level, moderator temperature) from the
process computer.

The core simulator uses a neutronic data base to integrate the core evolution. Predictive calculations
can be activated by the operator. Archimede performs optimal operation parameter searches, according
to the dilution capacity and to technical specifications.

The system helps taking decisions in a given time and reduces mental representation errors.

d) Communication

During normal operation a special effort is made to improve communication at all levels.

It should be mentioned here that in many accidents (not only in nuclear industry), communication
errors are one of the root causes of initiators.

• In order to avoid communication errors during shift changes, the operators indicate all useful
information to be transmitted to the next shifts, in a -logbook-, which is available in the control room. This
logbook contains the description of the problems encountered during the shift, the instructions to be
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followed, the lists of components locked or to be locked (i.e. components that must be kept in a given position
through administrative measures like padlock, tagging, removal of power supply), information about
maintenance being performed.

The new shift and old shift overlap during approximately 20 minutes, which are used to pass
information on plant conditions.

• An administrative system of quality assurance (QA) is implemented in the plants, in order to improve
the quality of the work.

This system implies that certain people are put in charge of the control. Their mission consists in
verifying the presentation and the quality of written documents, and the accuracy of the information they
contain. They make sure that the right information is given at the right moment to the right person, that all
documents are revised when necessary and transmitted to all persons concerned. As an example of the
implementation of the system, the normal operating procedures contain «hoid points- when the operators
must check that all actions required by the procedures so far have been carried out; moreover, an
independent person makes sure that specific requirements like Technical Specifications are met. Spot
checks are performed in order to make sure that the verification process takes place.

• To transfer information from engineers to operators, a system of «quick notification» has been
implemented, i.e. notes are sent personally to the persons concerned, as quickly as possible. These notes
are short and concern a limited technical subject like partial modifications, learning from experience, actions
to be taken. They are either a piece of information or a reminder on technical subjects. The advantage of
the system is that all operators, especially operators working during the night, are informed as soon as
possible.

• Another way to improve communication is the «plant operation review committee», which meets
once a week. Maintenance, Operation, Health Physics and Quality assurance department leaders of every
unit meet to discuss about incidents, new actions to be taken, problems encountered (essentially safety
problems), review of procedures, and they publish a report displaying their discussions and decisions. At
least once a month, -Long term subjects- are tackled and management decisions are made.The circulation
of information in the different departments of a same unit and between the same departments of different units
is, in that way, assured.

• A special training program focused on communication and social aspects has been applied for 4
years (ref [5]). The conclusion was that a crew is a socio-technical system which means for example that by
improving technical information exchange, social relations improve automatically. And, vice versa, when
internally social relationships are carefully maintained, the technical information exchange improves
automatically. The socio-technical understanding between the crews and the engineers is improved and
therefore, by creating a synergy with the engineers, the capacity of a team to manage unknown complex
events is enhanced.

4.2 Incident-Accident operating conditions

a) Training

To help the operators to mitigate the consequences of an accident or incident situation, training is the
first important aspect. As explained for normal operation training, it is divided into two parts:

lessons in classrooms where the teams discuss incidents or accidents that occurred in other
plants and actions to be taken in those situations, with their instructor. This training is rather
technical and theoretical.
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a simulator training during which the teams can reproduce incidents they had to manage in the
plant and discuss the best way to react; during this training the instructor chooses «speciai»
but «plausib!e» situations (e.g. well known incident/accident + failure of a system).
Another objective of the training is to understand and -practice- the procedures. The teams
can discuss certain instructions of the procedures, understand their importance, train to
execute them as fast as possible ... They can also familiarize with the emergency safeguard
system -procedures-(4>. Usually the teams train on simulator during approximately half of the
training time, while the other half is spent on analysing the actions taken and their reactions on
the incident/accident. (The full scope simulators record the evolution of the different plant
parameters during the test).

The different training sessions are well prepared in advance to be as efficient as possible.

A well prepared training can contribute to reduce different error types like:

mental representation errors,
procedure deviations (since they stress the important steps of the procedures),
decisions in a given time (since they acquire the skill to react quickly in different situations),
sequence or qualitative errors.

b) Incident or Accident procedures

Procedures are an important guide to help operators to mitigate abnormal situations. Important work
is done by plant engineers through analysis and correction (or adaptation) of procedures.

The procedures now used in most of the Belgian plants are of the WOG (Westinghouse Owners Group)
-type.

The initial procedures have been revised many times to make them well adapted to our plants and
user-friendly.

They are also discussed and validated with the teams on simulator. Before newly adapted procedures
are implemented in the control room, they are first teached and tested during the training program.

Each difficulty, inconsistency or inaccuracy is discussed and, if necessary, corrected in the
procedures. In that way, the error of procedure deviation should be avoided.

c) Learning from experience

Operating incidents are analysed with the ASSET methodology (Assessment of Safety Significance
Events Team) (ref [8]).

This methodology developed by IAEA has been designed on the basis of practical observations, i.e.:

Incidents always occur because there exist latent weaknesses which are not eliminated in time
by the plant surveillance programme (detection and restoration).
Effective enhancement of incident prevention always includes -repairs- and -remedies-.

Belgian plants have a special system call "bunker" to mitigate the potential consequences of external events like
aircraft crash or explosion. The simulator is a good way to "play" with the bunker and to learn bringing the plant
to a safe state using the bunker controls.
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• -Repairs- address the direct cause of the event by eliminating the latent weakness of the
component that failed to perform as expected, and by mitigating the contributors to the existence
of that weakness (quality assurance in preparation for operation and preventive maintenance
during operation).

• "Remedies- address the root cause of the event by eliminating the deficiency of the plant
surveillance programme and by mitigating the contributors to the existence of the surveillance
deficiency (surveillance policy and surveillance programme management).

The application of the ASSET method wiil be extended to the analysis of maintenance activities.

Nearly all types of errors mentioned in chapter 3 could be revealed by the analysis of the root causes
of incidents. Therefore, learning from experience enhances human reliability at different levels.

d) Operator aid

Some initiatives have been taken in order to develop operator aid in abnormal situations and reduce
interpretation, mental representation and procedure deviation errors.

It is clear that the new process monitoring system DIMOS, described above, is a tool that can be used
in case of abnormal situations.

Moreover, we are studying the possibility of integrating in DIMOS different applications like:

- alarm hierarchisation,
- automatic procedure follow-up,

- automatic actions supervision (like safeguard sequences).

Archimede could also be connected to DIMOS.

Two other projects are in development:

- A computerized system is studied, which aims at helping the shift technical advisor (STA) to
supervise the critical safety functions i.e.:

• subcriticality,
• core cooling,
• heat sink,
• primary system integrity,
• containment integrity,
• primary water level.

A classified automate will assure the data acquisition of all important plant parameters, calculate
the state of the critical safety functions and continuously display status trees.

- An expert system is developed to assist plant operators for optimal recovery following an accident
(ref [9]). The capability to monitor operator actions and to advise operators in an event-driven way
are the specific features that distinguish OPA (Operator Advisor) from more conventional
procedure tracking systems.

The system has been connected to a training simulator and tested on steam generator tube rupture
scenarios.
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It is expected that, next year, the system will run on conventional workstations and that the
knowledge base will be broadened. The integration of the system in an industrial environment is
also being studied.

4.3 Maintenance activities

The main characteristic of maintenance activities is the fact that people have to intervene on systems
or components i.e. they have to change the -status* of those systems or components. Usually they have
to dismount pumps and valves for repair, and, therefore, they have to lock part of a system in a given position
(f. ex. close valves to avoid fluid circulation).

The main risk consists in «re-assembly errors-, -de-locking errors*(5) and -mispositionning errors-
(components left in a wrong position after de-locking), i.e. essentially errors of -procedure deviation- as
defined in chapter 3.

An important effort is made in the Belgian plants to improve the quality of maintenance and the
reliability of the overhaul operations.

a) Training

The technicians follow a technical training, including regulatory aspects. They also get a general
training aboutthe nuclear power plant, with special attention to the Technical Specifications. All interventions
are well prepared in advance and the useful information is given to the technicians with some explanation,
in order to increase their motivation for the work.

Errors of procedure deviation will therefore be less frequent.

b) Procedures

I n order to further reduce the risk of procedure deviation errors or qualitative and sequence errors, the
following measures are taken:

• Maintenance procedures written by the constructors and the operating people are validated in the
plant. Each anomaly pointed out by the technicians leads to a procedure revision, performed by
the engineers and submitted to quality control.

• Special attention is given to «de-locking». It is divided into three steps, each executed by a
different person:

- removing of padlocks and tags,
- control, on the basis of a check list, of the overhaul (i.e. power supply,...),
- special control of the main components of the system concerned (functional aspects, availability

of instrumentation,...)

c) Operator aid

Operator aid is also developed in the field of maintenance activities.

(5) de-lock = restore the locked pieces of equipment in an operable state i.e. remove padlock, tagging, restore power
supply.
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• Tools like POPIT (Doel Site - ref [12]) or ACM (Tihange Site - under development) are very useful
to help plant personnel to plan, organize and execute scheduled inspections, check-out and servicing,
tagging operations, especially during refueling outages. They integrate on-line maintenance management
with work order and clearance tag scheduling, processing and tracking. They provide on-line plant situation
and include a Technical Specification Supervisor to monitor Limiting Conditions of Operation. POPIT, which
could be connected with DIMOS, is efficient in reducing interpretation apd communication errors.

• The Coraps software (COre Refueling Automatic Planning System) is designed to generate an
optimal refueling sequence of operations (in accordance with both physical and user's constraints) and to
assist the supervisor during fuel reshuffling (ref. [13]).

Coraps provides assistance to users for entering data and constraints, visualising and modifying the
program output before and during reshuffling operations, validation of user's modifications with respect to
all specified constraints, management of incidents (machine failures ...).

This system helps to reduce procedure deviation errors.

d) Communication

The quality assurance system is applied to maintenance activities, through control of the maintenance
periods for the different components and through independent controls of the repairing phases i.e.
independent people verify that all maintenance steps are actually carried out. People do not feel this control
as a lack of confidence from the management, but rather as a reliability improvement.

5. HUMAN RELIABILITY ASSESSMENT

In parallel with all the improvements described in chapter 4, a more theoretical assessment of human
reliability is performed in PRA (Probabilistic Risk Assessment) (ref [10]).

These studies, under way for the Doel 3 and Tihange 2 units (which are sister units), include a detailed
analysis of operational procedures: Incident and Accident procedures as well as procedures for periodic
testing have been analysed step by step, in order to identify all possible human errors and to determine which
of those are «critical», i.e. which could have an important impact on the mitigation of an accident.

Errors have been subdivided into three categories:

5.1. Errors before accident, i.e. during maintenance or periodical tests that could make a component
or a system inoperative when it should operate. Test procedures and maintenance are analysed to
determine all components (modelised in the study) that could be left in a wrong position or locked after the
test.

The critical errors, i.e. the errors that could reduce the system availability are identified.

Recovery factors of each error,i.e. factors that prevent or limit the undesirable consequences of a
human error, are determined.

5.2. Accident initiating errors that are taken into account in the probability of initiating events.

5.3. Errorsduring an accident, including detection, diagnosis, choiceof the right procedure, procedure
execution errors.
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Incident and accident procedures are analysed step by step to identify -critical errors-. Omission
errors and -commission errors-<6) are systematically considered and their impact is estimated. Environmental
factors and recovery factors are also considered.

To be complete, not only errors are to be taken into account, but also -positive actions* i.e. recovery
of automatic control device failures, out-of-procedure initiatives for unexpected incidents or failures.

All those human actions are quantified and integrated in the system fault tree analysis and in the event
trees in order to determine the global reliability of the plant (=determine the core melt frequency).

This assessment points out the important steps of the procedures and emphasizes the weak points
of human performance (procedural aspects only).

6. CONCLUSIONS

It is clear that machines cannot be programmed for ail possible situations, and that the operator's
presence is necessary to solve divergences from theoretical situations. Increasing the total reliability of the
system also supposes increasing human reliability.

In this paper, we have identified significant initiatives taken in the Belgian Nuclear Power Plants with
the aim of improving human reliability. We have pointed out five aspects, which, according to our opinion,
are the most important ones to achieve this objective:

training plant personnel, since this increases the capacity of operator teams to react efficiently
during unexpected situations,
Increasing the quality of operational procedures i.e. procedures for accidents and incidents but
also maintenance and periodic tests,
learning from experience through a careful observation of plant operation,
developing operator aid, since good process automation reduces the operator's workload,
frees him of routine and boring actions, while he still remains the machine -supervisor",
improving communication between all the people in charge of a part of an operation, this being
an important way to avoid human errors.

(6) omission error = to omit a step in the procedure
commission errc = to execute in a wrong way the step (ref[2]).
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Training

Written procedures

Learning from
experience

Operator's aids

Communication

Normal operation

2 weeks/year on full
+ 2 weeks/year
class

Regular reviews

ASSET

SG level automatic
control

Ergonomic CR
review

DIMOS
ARCHIMEDE

Logbook (control
room)

Quality assurance
Quick notification
Plant operation

review committee
Special training

programme

Incident/Accident

scope simualors
rooms

Regular reviews

Analysis of
incidents
(ASSET)

DIMOS
CSF
OPA

Logbook

Plant operation
review committee

Maintenance /
Tests Overhaul / Refueling

Technical + general
training

Tech. Specific.

Regular reviews
De-locking activities

ASSET to be used
soon

POPIT/ACM
CORAPS

Independent
controls (QC)

TABLE 1:
Overview of the actions taken in Belgian NPP to increase human reliability
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ACCIDENT MANAGEMENT 3.2.3
OBJECTIVES AND IMPLEMENTATION ASPECTS

by Ralf ESPEFALT, Alf ENGQVIST - VATTENFALL AB, Vallingby
and
Karl Fredrik INGEMARSSON - VATTENFALL AB, Osthammar
SWEDEN

ABSTRACT

During the last decade the level of knowledge about severe accident phenomena like the mode of
progression of an accident, mechanisms for fission product release etc. has increased dramatically. The
improved understanding has been achieved by extensive research but also by feedback of experience from
actual incidents/accidents such as Three Mile Island and Chernobyl.

Much has been done to find ways to reduce the frequency of severe accidents and measures to prevent
accidents from happening should, of course, remain a primary concern. It is natural, however, that the
increased knowledge should also be used to find ways to control the course of an accident, should it occur,
and to prevent or mitigate its consequences to the greatest extent possible. All these activities, including
preplanning, response and recovery actions are included in a severe accident management system. It
extends beyond what is considered in most emergency operating procedures and it is separate from but
coordinated with emergency preparedness, which mainly deals with the short-term response to the release
of radioactive material into the environment. In general, an accident management program should consist
of strategies and preplanned actions to prevent core damage, to terminate a progressing accident and
restore stable conditions and to maintain containment integrity to prevent radioactive release. The accident
management system should also contain emergency operating procedures, other operator andmanagement
support, training programs and drills.

Accident management programs as indicated above are being developed in many countries. In Sweden a
program for severe accident mitigation and development of accident management was initiated in 1986. All
essential parts of this program were implemented by the end of 1988. The accident management system
has been further developed during the following years up to its present, essentially complete status. In the
paper the objectives and requirements of the various components of an accident management system are
discussed and how it has been implemented in the Forsmark plant is described as an example •
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1. INTRODUCTION

When designing the nuclear reactors in operation today one of the main design criteria was to prev?rt
loss of core cooling for all credible accidents. A set of design basis accidents (DBA) was defined -_.:•.•:.
emergency core cooling systems were introduced to protect the reactor core from being uncovered c n;
damaged during these DBAs. In addition emergency response procedures were elaborated to guide :...
operators in DBA situations and secure that any such disturbance did not lead to core damage and relea^.:
of radioactive material.

The improved understanding of nuclear reactor risks gained from PSA studies starting with the U3
Reactor Safety Study (WASH-1400,1975) and the experience from the Three Mile Island accident (19"9)
led to the insight that preventive measures can fail and that core melt accidents cannot be ruled .J:\
completely. During the following years up to now, extensive research on severe accidents has been carried
out and the level of knowledge on severe accident phenomena has increased dramatically.

Much has been done to find ways to reduce the frequency of severe accidents and measures to
prevent accidents from happening should, of course, remain a primary concern. But the increased
knowledge should also be used to find ways to control the course of accidents also beyond the DBA, ano
to prevent or mitigate their consequences to the greatest extent possible. All these activities, including
preplanning, response and recovery actions are included in a severe accident management system, 'r
general it comprises strategies and preplanning actions to terminate a progressing accident and restore
stable conditions and maintain containment integrity to prevent radioactive release.

Accident management systems have so far been mainly concerned with the short-term aspects of
accident management i e to control the accident in the hours and days timescale. This is of course the most
critical phase of an accident but long-term aspects have also to be taken into account so that control is
established and radioactive release can be prevented also in the long term.

2. OVERVIEW OF ACCIDENT MANAGEMENT DEVELOPMENT

Basis

An accident management (AM) system aims at providing means by which an uncontrolled accident
can be terminated and a stable state reached with a minimum of damage to plant, personnel and
environment. It may essentially be regarded as a systematic way of making use of all available relevant
knowledge about the plant and its accident characteristics in an accident situation.

In the basis for the development of the AM system, knowledge is needed e g about vulnerabilities of
the plant, the timing of likely accident sequences and how the progression of the accident is affected by
various counteractive measures.

Sources of such knowledge are e g:

- Probabilistic safety analyses where the dominant accident sequences are identified.

- Severe accident analyses by which timing and progression of various accident sequences are
predicted.

Based on the combined knowledge the plant's accident characteristics and the plant design features,
organization of operation and technical supervision etc, objectives and strategies are formed for the various
accident scenarios. These strategies include e g ways of restoring core cooling, controlling reactivity and
maintaining the integrity of the containment.
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To a large extent accident management strategies are based on existing plant systems and
equipment. Plant modification and addition of dedicated systems, e g filtered containment venting, may
however be needed to fully meet with the objective set for the AM system.

Aspects of accident management development

Every AM system has to be developed considering the characteristics and the requirements of the
particular plant where it is going to be applied. It must take into account existing organizational structure and
operational procedures as well as the design features. When forming the emergency organization two basic
demands have to be considered: the demand from the affected unit for response to the accident and the
demand from the authorities and the public for information guiding the off-site response.

The emergency organization should make clear the different roles with respect to these two basic
demands. As a general rule the same people should not have the tasks of both supporting the affected unit
and the authorities/public. One key to good accident management is to have the right people in the right
place with appropriate tools and doing what they are trained for. In addition, the needs for communication
and information transfer within the organization must be provided for in a well prepared and organized way
so that the fulfilment of the basic demands is not adversely affected. As an example it is important that the
shift supervisor of the affected unit can devote his full attention to what should be his primary concern i.e.
leading the team of operations in responding to the accident and not be overloaded with demands for
information on plant status to the emergency control center (ECC).

The emergency operating procedures (EOP), guidelines and other documents supporting the work
in the emergency organization are an important part of the accident management system. The aim is to
support the individuals of the organization in their various functions so that the common objectives are
achieved. The operating documents involved in managing an accident must therefore reflect the accident
management strategy.

The accident management system should be developed in accordance with a philosophy for the
control room function. Short-term actions, within minutes, should be skill based and the operator performance
is based on training. Medium-term actions, up to about 1 -2 hours, should be rule based. This is the main area
for shift supervisor EOP and where flowchart procedure concept works best. Long-term actions should be
knowledge based.

In an accident situation the first priority is to restore core cooling. If this does not succeed there will
be a point in time where maintaining containment integrity takes over as first priority. The focus shifts from
preventing measures to limiting the accident consequences. Both the organization and the procedures
involved in the accident management system must be aware of and handle this shift.

Validation, Verification and Implementation

Validation and verification must be an integrated part of the implementation of an AM system. It is done
on different levels; from theoretical verification of selected procedures to full-scale simulator validations. In
the implementation process training of operators and other categories of personnel in the emergency
organization is an essential part. Exercises in the training program may also serve as an important part of
the validation process.

As a general rule a high degree of user involvement in the development work is a key factor in achieving
a good AM system.
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3. IMPLEMENTATION EXAMPLE

Emergency organization

The emergency organizations at the plants operated by Vattenfall have been formed having in mind
the principles discussed in chapter 2. In the following the system developed for the Forsmark BWR's is
discussed.

In ordertomeetthe demand for effective response atthe affected unit the principle chosen is todeviate
as little as possible from the normal organization. Changing the organization and working routines creates
stress which can increase the risk for mistakes by the personnel involved, who are already stressed by the
situation and the unusual decisions which have to be made. A good organization will be characterized by
people concentrating on what to do and how - not who is going to do it.

The relevant parts of the emergency organization are shown in figure 1. The organization at the
affected unit is not changed compared to normal operation. This is based on experience from exercises
where it was found that the shift supervisor's task is very difficult in an accident situation. He shall manage
his crew in their minute by minute actions and at the same time discuss strategies with the unit manager. It
was therefore found important that the people atthe affected unit work with the same people as they are used
to. The unit manager and his assistants shall take care of the communications with the ECC. The time needed
to update the unit manager in the early stages of the accident is minimized by the use of prepared check-
lists in the handbook for accident management.

The unit manager is working in close contact with the plant operations manager in the ECC. Generally
speaking, the unit manager concentrates on short-term actions (within the next hours) in his unit, while the
plant operations manager is more concerned with the long-term strategy and site-related actions.

The information to the authorities and further to the public is the responsibility of the site operations
manager and his information coordinator. The ECC is in close contact with the local authorities responsible
for emergency actions in the surrounding area and for contacts with media. In the organization it has been
attempted to be able to supply proper and correct information from the affected unit without interfering with
the technical part of the accident response.

Emergency operating procedures

From an operating point of view there are five levels in the operations management system, see
figure 2. The three lower levels contain procedures for handling events within design, which existed before
the severe accident program was implemented. The upper levels, the shift supervisor EOP and the
handbook for severe accident management (Swedish acronym THAL) were developed and added as a
result of the severe accident program. The two lower levels relate to normal operating conditions and the
upper three levels to emergency operation.

The EOP for the reactor operator is a symptom based step by step procedure following a checklist
to verify that the automatic functions have worked as intended.

The shift supervisor EOP, on the other hand, is a function based flow chart procedure. The difference
compared to the operator's EOP provides a diversified way of working which reduces the probability for
mistakes. Use of the EOP is initiated by reactor scram or an event which should have caused a scram. By
the EOP's the shift supervisor is directed to checking the four main safety functions: reactivity, core cooling,
heat sink and radioactive release barriers. For each function a few parameters have been defined for
checking, resulting in"a total of fourteen parameters to be checked throughout a disturbance.
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The shift supervisor EOP is intended for use only by the shift supervisor and has been worked out to
a rather low level of detail, taking into account the level of knowledge and experience of the shift supervisors.
Thus the EOP can help the shift supervisor to keep an overview of the situation and it is the only document
he will need during a disturbance.

In the laterstage of an accident, where plant functions are severely degraded EOP'swill no longerwork
and the accidentmanagementmust be primarily knowledge based. This is the uppermost level of the system
of figure 3. The measures taken are guided by the knowledge of the emergency team and the main tool used
is the Handbook for Severe Accidents. In this handbook the most important results and conclusions from
severe accident analyses performed for the plants have been summarized under different headlines with
references to actual documents. It also contains strategies for handling various severe accident situations
and points out important factors with respect to accident management.

Both the handbook and the shift supervisor EOP have been developed with the aim not to find optimal
solutions to all situations but to provide guidance, which is straight-forward and simple to use, aiming at
solutions which are «good enough-.

Validation and Verification

Several different programs for validation and verification of the accident management system have
been carried out. The shift supervisor EOP's have been validated by two different activities:

- A validation program using full scale simulators was carried out, where the usability of the EOP's
was checked by exercises with several operator crews for different scenarios. Evaluation was
made both by human factor experts as observers and by questionnaires to the trained crews.

- Theoretical verification has been performed against written scenarios both from a man-machine
interfacial and a technical point of view. The man-machine verification was performed by different
shift crews and revealed not only incorrect parts of the EOP's but also control room environment
difficulties in reading and understanding different parameters.

Exercises have also been carried out with the aim of checking a complete strategy up to the fully
developed severe accident where the accident management is guided by the THAL-handbook. In this type
of exercise, which has been found very useful, a scenario is illustrated using a simple computer program
with the results displayed on a personal computer monitor. Each exercise involved a shift crew, a unit
manager and his assistant and the plant operations manager. The aim is both to validate the accident
management strategy and the support given by the THAL-handbook and check the communication and
collaboration between the different personnel categories.

Radiological aspects

In the case of a severe accident the dose rates in various affected systems will be very high and on-
site habitabiiity will be affected. This can cause problems in the accident management especially in the later
stages of a core melt accident and prevent required operator actions to terminate the accident and restore
plant functions. Prediction of the radiological situation on-site and evaluation of the feasibility of accident
management strategies is therefore important.

As part of the Vattenfall program for mitigating severe accidents and implementing the accident
management system, a comprehensive investigation was carried out to estimate radiological sources,
identify vital areas for accident management and calculate dose rates in these areas.
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The stated goal is to keep the total whole body dose below50 mSv for all individuals atthe plant during
the first year after the accident. One consideration for design purposes was that the dose rates in all areas
to which access is needed should be below 30 mSv/h.

Areas to which access is required during the course of a severe accident have been identified. The
most important areas are the local control centres in the electrical building atthe Forsmark site. From the
control centre all necessary parameters such as pressure, temperature and water level in the containment
can be read and ail valves necessary for controlling the mitigating equipment are available.

The importance of possible radiation sources is site specific. At the Forsmark site it was found that the
most important possible source was diffuse leakage in the case the emergency ventilation is not working.
The gamma dose rates from diffuse leakage may give gamma dose rates of 1-10 mSv/h in vital areas. These
dose rates can be handled by radiation protection measures including skin and thyroid exposure.

Although the dose rates in the vital areas discussed above are possible to handle, the plant personnel
must be aware that dose rates in other places may be extremely high. E g the dose rate at 1 m from a pipe
containing radioactive water from the containment (diameter 150 mm), 4 hours after the accident was
initiated, is estimated at about 20 Sv/hr.

4. LONG-TERM ACCIDENT MANAGEMENT

The aspects of accident management discussed so far mainly concern the first hours and days into
an accident. It is important, however, when developing and implementing an accident management
program to keep in mind also the long term perspective. Otherwise the short term measures and actions may
cause unnecessary problems and irreparable obstacles for the long term handling of the plant.

In Sweden the long-term aspects of accident management issues have been studied in a separate
project completed in 1991. The study was carried out in parallel for one BWR and one PWR case postulating
total loss of all core cooling including loss of all AC power as the initiating event of a core melt sequence.
The study comprised the time up to five years after the initiation of the accident.

The source terms and radiation dose rates were estimated starting (in the BWR case) from the
assumed scenario where about 90% of the core will be at the bottom of the containment and the remainder
in the primary system. It is also assumed that water has been filled into the containment up to the upper core
level according to existing procedures. The release of radioactive material into the containment has been
obtained from calculations with the MMP severe accident analysis code. The final distribution of the
radioactivity is partly based on MMP calculations and partly on the experience from the TMI-2 accident.
Based on these sources the gamma dose rates have been calculated in seven selected points at the
containment wall, see figure 3. The dose rates have been calculated at 7 days, 3 months, 1 year and 5 years
after the accident.

The need for cooling of the containment is determined by the balance between heat sources and sinks
in the containment. The only heat source is the decay heat from the fuel. The decay heat can be cooled
actively with a cooling system or passively by heat losses through the walls. In case of inadequate cooling
the containment pressure will rise and venting through the filtered vent become necessary.

The conclusion from this investigation is that in a PWR active cooling is needed for one year and in
a BWR for five years after an accident to avoid activation of the filtered vent system. A consequence of this
would be to avoid as much as possible during the early phase of the accident, contamination of systems
which could be used for long term cooling purposes. A better solution, when feasible, would be to actively
cool the containment by closed cooling loops with inactive media operated from outside the containment.
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The issue of water chemistry in the containment was considered important for several reasons. The
first is that the corrosion rate is related to the water chemistry but also that especially the iodine behaviour
is very pH dependent. The recombination rate of oxygen and hydrogen is also influenced by the chemistry.
A pH value close to 10 is considered to be most favourable for long-term conditions. It was concluded,
therefore, that it is important to be able to control the pH and Cl"-values and that it may become urgent to
change the chemical equilibrium very soon after the accident in order to avoid detrimental long-term
consequences.

The amount of hydrogen and oxygen generated by radiolysis of water in the containment has been
calculated to estimate the possibility of hydrogen deflagration in the long term. As recombination was not
accounted for the quantities of hydrogen and oxygen were overestimated. It was found that the risk for
hydrogen deflagration in the PWR could not be excluded but that the probability would be small. In the BWR
which have nitrogen inerted containment atmosphere the risk of hydrogen deflagration will depend on when
and how containment venting has been performed. It was also found that hydrogen concentration may differ
in various parts of the containment and that a high water level will tend to increase the risk. The probability
of deflagration is still considered to be small.

The systems analysis was an important part of the study and was based on results from the other items
in the study. In the systems analysis the main issues related to cooling of the containment and minimizing
the leakage out of the containment. Based on the results conclusions could be drawn with respect to the
impact of short-term actions and the necessity to make preparations in advance in order to have a feasible
long-term handling.

The containment cooling can be accomplished in three ways:

- Existing cooling systems (e g RHR system)

- The filtered vent system

- Introducing a new dedicated system

Using the scrubber as a cooling system is probably difficult from a public acceptance point of view.
To use existing heat exchanger systems has the disadvantage that the heat exchanger is located outside
the containment with high radiation levels and risk of leakage as a result. A higher reliability would be
achieved by introducing a system, in which a heat sink is provided outside the containment using an inactive
medium in a closed system. A cost benefit analysis has not been performed for such a system.

Leakage was considered important from habitability point of view. In general, the systems for
containment cooling are susceptible to leakage in the long-run if proper maintenance cannot be performed.
The clean-up facilities are not sufficient to handle even small leakages of highly contaminated water outside
the containment. To reduce cost and dose-rates for personnel, a system for returning the leakage water back
to the containment would be beneficial. The above mentioned system for cooling the active water inside the
containment would also be beneficial from leakage point of view.

The overall conclusion drawn in the study of long-term aspects of accident management is that
decisions have to be made early in the accident response which effect the long-term situation. Setting the
wrong priorities in the early phase may have big consequences for the feasibility of controlling the plant in
the longer term. A detailed evaluation of the results and their possible site-specific implications is planned
to follow the completion of the present study.
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NUCLEAR ELECTRICS ENHANCEMENT PROGRAMME 3.3.1

by David Christopher WILLIAMS - Nuclear Electric pic
UNITED KINGDOM

• ABSTRACT •

Nuclear Electric (NE) and its predecessor the Central Electricity Generating Board (CEGB) have been
successfully operating nuclear power stations for 30 years. However, comparisons with other nuclear
operators around the world revealed that the older stations may not be operating to the world's best
practices.

The CEGB, and now NE, have made a commitment to an extensive programme of enhancement covering
all aspects of quality assurance. This programme is being achieved in a climate where the cost of the industry
is under critical review and where additional safety plant has to be installed as part of the ongoing Long Term
Safety Reviews of the Station.

The strategy adopted and the challenges encountered in striving for excellence through this enhancement
programme are described •
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Nuclear Electric-(NE) and its predecessor the Central Electricity Generating Board (CEGB) have been
successfully operating nuclear power stations for 30 years. However, comparisons with other nuclear
operators around the world revealed that the older stations may not be operating to the world's best
practices. The CEGB and now NE, have made a commitment to an extensive programme of enhancement
covering all aspects of quality assurance. This programme is being achieved in a climate where the cost of
the industry is under critical review and where additional safety plant has to be installed as part of the ongoing
Long Term Safety Review and life extension of the Station.

The Company Strategy has been to set Management Targets based on the best practices world wide,
to provide specific manpower and resources to work towards these targets and to monitor achievement of
the targets by peer evaluations. In addition, staff have been encouraged to visit other stations and utilities
to observe and discuss best practices.

The challenges to a station such as Hinkley Point "A" Power Station, are to achieve these software and
hardware modifications at minimum cost and to the required timescale. Such challenges can only be met
using the station's greatest asset, its staff. This requires a significant change in the culture and attitudes of
the management and staff. Such cultural changes require an ongoing, long term programme but are being
achieved. The programme relies on involving, developing and empowering thestaff which are encompassed
in a company and Station -Teamwork for Performance" culture.

1. INTRODUCTION

Nuclear Electric (NE) and its predecessor the Central Electricity Generating Board (CEGB) have been
successfully operating nuclear power stations for 30 years. However, comparisons with other nuclear
operators around the world revealed that the older stations may not be operating to the worlds best practices.
The CEGB and now NE, have made a commitment to an extensive programme of enhancement covering
all aspects of quality assurance. This programme is being achieved in a climate where the cost of the industry
is under critical review and where additional safety plant has to be installed as part of the ongoing Long Term
Safety Review and life extension of the Station.

This report commences with a brief description of the company and of Hinkley Point "A" Power Station,
and then outlines the Company enhancement programme and the strategy adopted. The report then focuses
on the change process adopted at Hinkley Point "A" to achieve the required software and hardware
enhancements.

2. HISTORY

Nuclear Electric (NE) was formed from the nuclear part of the Central Electricity Generating Board on
31st March 1990 and is responsible for the operation of the commercial nuclear stations in England and
Wales. Table I lists the stations covered by NE and their commissioning dates. As can be seen, many of the
stations are over 20 years old and the report focuses on Hinkley Point "A" Power Station (HPA) to illustrate
the application of the Company's Enhancement Programme.
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TABLE I - COMMISSIONING DATES OF NUCLEAR ELECTRICS POWER STATIONS

STATION

Berkeley (decommissioning)

Brad we II

Hinkley Point "A"

Trawsfynydd

Dungeness "A"

Sizewell "A"

Oldbury

Wylfa

Hinkley Point "B"

Hartlepool

Heysham \

Dungeness "B"

Heysham 2

Sizewell "B" (under construction)

COMMISSIONING DATE OF FIRST
REACTOR

1962

1962

1965

1965

1965

1966

1967

1971

1976

1983

1983

1983

1988

1994

V£W LOOKING
NORTH TO SOUTH

Figure 1: Cross section ci one reactor at Hinkely Point "A" Power Station
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Figure 2: Historical availability of Hinkley Pont "A" Power Station

HPA is a graphite moderated, gas cooled two reactor station, see Figure 1, with a declared electrical
output of 470 MW.

The pressure vessel is basically a steel sphere 20.4m in diameter and 76 mm thick. The fuel is natural
uranium metal rods contained in a Magnox can. The station has operated reliably since commissioning, see
Figure 2except for a period when major modifications were required to the steam turbines following a disc
failure on one of the turbines. In fact, for a while, Reactor 2 held the world record for the longest period of
continuous generation, with a run of 707 days. Currently, the planned life of the station is over 35 years,
although the Long Term Safety Review only considers a 30 year life; the regulator has indicated the likely
areas where safety improvements would be required for a longer life.

3. COMPANY STRATEGY

The strategy adopted by the company for its enhancement programme has four phases.

3.1 Phase 1 • Identifying the best practices

The worldwide best practices are identified by an ongoing process of encouraging Nuclear Electric
staff's participation in the international nuclear scene. Examples of such participation are:

participation in IAEA OSARTS, ASSET missions and workshops,

involvement with WANO symposia, Station exchanges, etc.

secondments to INPO, other utilities

3.2 Phase 2 • Collating these practices into management targets

These best practices have been combined into management targets. These targets are detailed and
pose specific searching questions to the Station management which test the achievement of the target. The
initial targets were implemented at Oldbury and were subjected to an IAEA OSART, which confirmed their
validity. The targets have been reviewed and refined following this OSART and their practical implementation.
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The eleven targets-are:

1A Housekeeping 2 Operations 7A Radiation protection
1B Achievement of quality 3 Maintenance 7B Industrial Safety
1C Documentation 4 Technical Support 7C Emergency preparedness

5 Chemistry
6 Training

3.3 Phase 3 • Providing resources

The company recognised that the stations required finance to improve the fabric of the station and
additional posts tomeetthe requirements of the Management Targets e.g. for Quality Assurance and the new
role of Operational Experience Feedback. Significant improvements are being made to the working
environment from the introduction of sound proofed logging points to repainted and relighted turbine halls.

3.4 Phase 4 • Monitoring the Achievement of Targets

The company has adopted the INPO style evaluation process to monitor the achievement of targets
and to recommend the priority issues for the station management to address. The evaluation consists of a
team of a dozen staff from other stations, led by an experienced evaluator and his deputy who spend two
weeks on the site, initially briefly reviewing the material state of the plant and then observing the working
practices. The evaluation results in a material condition survey, an observation report and a recommendations
report.

Hinkley Point "A" was subjected to an evaluation in July 1991. The results have been fed backto station
staff and have been used to reinforce and re-stimulate the station's enhancement action programme.

4. CONSTRAINTS

The company's enhancement programme is complemented by the hardware modifications identified
by the Long Term Safety Review (LTSR), to enhance the safety of the station. The LTSR (periodic review for
the newer stations) has been a developing process of initially assessing the station against its original safety
case and later against modern standards. Where deficiencies are identified, they must be justified or
modifications implemented to remove the deficiency. This work has entailed a significant resource
commitment for the Station and the Company and so provides a constraint on the software enhancement
programme. In September 1991, the Regulator, the Nuclear Installations Inspectorate, confirmed the
modifications required and indicated that additional modifications will be necessary to extend the life of the
station, which is Nuclear Electric's declared intent. This process of continuous review has allowed the
modifications to be developed and partially implemented while the plant operates. There is a firm deadline
for each modification and their full implementation has inevitably extended planned outages compared to
previous years and hence reduced the station's income.

Typical examples of the hardware modifications required to enhance the safety of the station, by
introducing diversity, segregation and redundancy are:

Tertiary Feed System

Enhancement of essential electrical supplies

Diverse Shutdown system

Diverse Guardline

Additional seismic restraints to essential plant

Remote Emergency Indication Centre
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In 90/91, Nuclear Electric was a profitable Company, see Table II. However, the U.K. Government
subsidises part of the electricity generated by NE via a non fossil fuel levy. This subsidy is levied on the
electricity consumer via the Regional Electricity companies and contributed about half the 90/91 turnover.
It is Nuclear Electric's declared long term intent to improve its performance so that it is a viable concern •
without the levy. This requires all proposals to be carefully appraised to ensure that they incur minimum long
term costs to the company.

TABLE II - NUCLEAR ELECTRIC'S ACCOUNTS 90/91

Turnover

Costs

Operating Profit before exceptional items

. £M

2202

1876

326

5. CULTURE CHANGE

The software and hardware enhancement programmes can only be achieved at minimum costs and
to the specified timescale by using the Station's most valuable commodity, its staff, to their full ability. This
is a major change in the company and staff culture since the Electricity Supply Industry has always been
highly unionised, there were strong work demarcations, there was a lack of clear accountability, and the skills
and expertise of the staff were not fully utilised.

The station have approached this challenge, using the classic change.

5.1 Identify the need

Station Manager explained to the staff the company's financial situation in 1990 and the position of
Hinkley Point "A" Power Station. He clearly identified the need for change. This need was reinforced by
conferences in April 1991, to which all staff were invited, which reviewed the current challenges, the progress
to date and the target for the future, and by regular updates on progress.

5.2 Identify the problems

A Task Force was set up under a Department Manager to identify and collate the problems on the site,
and to propose possible solutions. The Task Force involved engineering, clerical and industrial staff. They
held surgeries, where staff could come along with their problems. The review resulted in a report issued in
August 1990. This report demonstrated the competence of the staff and their firm grasp of problems.

5.3 Develop the solutions

The Electricity Supply Industry has always had strong unions and the industrial relations machinery
is not geared to allow change to take place at any speed. Following discussion with the officers of the unions,
fora were created where solutions could be discussed and ways forward identified. The prime objective was
to form more cohesive teams and this is being achieved by:

putting day staff on Monday to Friday working pattern, so creating consistent teams

reviewing the teams to rationalise and optimise them

developing the supervisory chain and the role of the supervisor

improving the technical back up within and to the team
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Progress has been made on all these items but there is still a long way to go in achieving the prime
objective.

5.4 Communications

It was recognised that face to face communications were vital to culture change and a hierarchical
communication system has been implemented, TALKPOINT. Routine briefings of teams are carried out by
their team leader and feedback is received by the Department Managers, which they respond to either
generically or to the individual team.

Although the system needs refreshment it has introduced a two way system of communication. Other
methods of communicating are the Company newspaper, Site newspaper, TALKPOINT Bulletins and TV
information screens.

5.5 Lessons learned

As with any change process, there are problems which have to be overcome and a number of lessons
have been learned. A few of these are listed below:

identify the changes needed and, if possible, keep them separate. There is a tendency for all
the changes to be amalgamated into an immovable mass.

prioritise the changes. The change process is demanding on staff and management. If too
many changes are set in hand together, then there is a danger that none progress,
phase in the changes. Every implemented change progresses from a concept, to a proposal,
to a discussion, to a review, to an agreement and ultimately to an implementation phase. To
maintain the continuance of change, it is necessary to have more than one change going on
but in different phases.

take care not to bypass any of the line management. If senior management talk directly with
staff, they can easily exclude the middle management. This, at the best, isolates the middle
management and, at the worst, makes them antagonistic to the change.

ensure that Imaginative abound.

people are kept informed of the true situation, rumours to the detriment of any proposal will

be determined. There will be times when progress is slow or negative but there will also be times
when great progress is achieved.

5.6 The Future

The next phase, having formed cohesive teams is to involve more staff in the change process and to
empower the teams not only to identify the problems but also the solutions. The current thoughts are to
facilitate this process using trained facilitators. This has been achieved successfully in other industries. The
creation of teams and the involvement and empowerment of staff are part of a company work culture change
entitled -Teamwork for Performance".

6. IMPLEMENTATION OF ENHANCEMENT

The implementation of the software and hardware enhancement programmes improves safety by
addressing the three key area of procedures, equipment and personnel.
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In line with the- teamwork philosophy, teams have been formed to provide the infra-structure,
documentation, facilities, procedures etc. to achieve the management targets outlined in Section 3.4. These
teams are coordinated by a steering group which is responsible for ensuring that finance is allocated
according to the priorities and that any priority conflicts are resolved.

Special teams have been formed to produce the necessary quality documents and to enhance the
plant. There have been difficulties due to the inevitable conflict in priorities between an individual's normal
duties and the work required by the special teams. This has been resolved in many cases by manning the
teams with individuals who have become supernumerary to complement following changes in the staff
structure which took advantage of the improvements in staff productivity. These staff are extremely
knowledgeable of the site and are ideal for the work and they also wish to retire from the industry and so are
highly motivated to achieve the required work within a short timescale.

A similar team is being used to carry out the modifications required by the Long Term Safety Review
and by the planned life extension of the station. One of the major challenges is to ensure that the operations
staff are familiar with these modifications, and trained in their use. This has been achieved by nominating
an engineer from Operations to liaise on each of these modifications. The engineer is responsible for
checking that the Operating Instructions are adequate and that the necessary training packages are
formulated and implemented.

The last aspect, and in many ways the most important, is personnel. Here, the Company and the station
are enhancing the Safety Culture of staff inline with the world's best practices. This requires strong leadership
from the top and a recognition that safety is an attitude of mind and that all staff require soft or non-technical
skills to some degree. The culture change programme is being used to instil in staff a questioning attitude
plus a rigorous and prudent approach plus effective communications, which are well recognised to make
a major contribution to safety. The "soft" skills, which require enhancement, are identified by assessing the
skill needs of the post, encouraging staff to understand the need for the skills and then developing suitable
training material to develop the skills.

7. CONCLUSION

Nuclear Electric have made a major commitment to an enhancement programme on all their stations.
However, such a programme can only be achieved within the identified constraints by a major change in the
culture of the company and staff. The company and staff have the ability and the will to achieve this change.
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EXPERIENCES AT A MEDIUM AGE W E R STATION LOVIISA 3.3.2

by Jussi HELSKE • LOVIISA
FINLAND

• ABSTRACT •

Short-lifetime equipment, especially computers, need upgrading a minimum of once, probably twice, during
a lifetime. Medium age components need replacements typically once, and when considering life extension,
the new plant components are normally chosen with higher demands than the original ones.

New safety demands and plant specific analysis is a complex question. Modifications which would fulfil all
new demands are in many cases unrealistic and compensating features must be agreed with authorities.
In any case replacement of safety related components and assembling of new systems are necessary.

Personnel stability and continuous upgrading of procedures are necessary for good results •
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1. GENERAL

Loviisa NPS is a twin-unit 440 MW pressurised water reactor type WER-440. The main processes are
of Russian origin. The first unit started in 1977 and the second one in 1980. In spite of extensive modifications
during design and construction phase continuous upgrading and development of documentation and
methods has been a necessity for guaranteeing the licence to operate as well as reliable operation. During
the last two years the worldwide WER interest has given a special spice to our life at Loviisa.

After the first operating years when «childhood- diseases have been cured and staff has a general
understanding of the plant, the deterioration of the plant and the personnel starts if you do not fight all the
time. The other aspect is new demands which in most cases are valid also for old nuclear power plants. So
the game is difficult when rules are changing all the time.

2. PROCESS COMPUTERS

On the material side short lifetime equipment (replacement more than once during lifetime), especially
process computers, need special attention. At Loviisa the computers served well for about 15 years but lack
of spare parts, limitations to add new inputs and new requirements started the replacement and upgrading
project in the mid 80's.

For the future there were two important demands for the new system :

- Flexible and modular structure to facilitate later expansions in small components as needed. Total
replacement in the future will be avoided.

- Industry-standard or widely used technology and interfaces were feasible. This assures the
support for maintenance and later extensions.

For successful replacement and for avoiding power losses there were some project demands :

- The main displays and reports in the new system were similar to the old system. This was necessary
to ease the testing and comparison of the old and new systems and to facilitate the training of the
operators. A big share of further development was postponed after the project.

- The old inputs cubicles and wiring remained largely untouched. Two new binary cubicles were
added. So the input wiring of the 7000 inputs needed no reconnecting. New cubicles will be and
were added or old cubicles are replaced as needed.

- The new systems were tested in three phases. A thorough factory test at the supplier was followed
by a test at the on-site simulator and finally at the power plant. Both the simulator and the plant tests
were performed with the old and the new computers running in parallel.

- All project activities were done as much as possible while the power plant was in operation. Only
mechanical work in the main control room desks and preparation work for the parallel connection
was made during the plant outages. The project did not cause any loss of the power production.

The replacement project was successful. Both the schedule and the budget were attained and above
all operators are fully satisfied with the new system.
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3. COMPONENTS

Medium age components must be replaced typically once in lifetime. Such components are pipelines,
valves, and all kind of heat exchangers. The main reasons for replacements are erosion-corrosion and new
demands. Replacements start typically by changing tube bends, valves, on pipe pieces after valves. Often
this causes increasing demands for inspections because materials are different and thinning of walls exists
more and more. Continuing like this means that refuelling periods become more and more painful. The
solution which we have chosen at Loviisa is to replace systems or part of systems with better materials with
less welding seams which means easier life extension and fewer inspections and trouble. Examples of such
replacements are: feed water lines, blowdown systems from steam generators, high pressure preheaters
and condensors. Instead of replacements sometimes it is possible to use stainless steel coatings, for
example the inside surface of the high pressure turbines.

The last few years have been a period of heavy investments. We have had very weak support from
the main supplier which has caused a certain weakness but on the other hand we have been independent
and we have had a possibility to arrange strong competition between suppliers.

4. SAFETY DEMANDS VS. MODIFICATIONS

New safety demands are a complex question. After start-up analysis, experiences and accidents at
other plants have shown the necessity for upgrading but in some cases urgent demands or modifications
later. Our experience is that urgent modifications are hardly ever very well realized. Quality of components,
other analysis, missing large scale tests and above all the knowledge of operators can make the modification
negative.

You can teach operators, you can modify instructions but in case of heavy stress the risk that they
remember just the original system is very high. Best modifications from operators point of view are those
which have no effect on operations, which are in regular use or are as independent from old systems as
possible. We have faced some embarrassing demands, too:

- Practically no factory is able to deliver certain components according to new demands. The top
list of these is safety valves of pressurizer, some LOCA resistant electrical appliances, valve-
actuator combinations and hydrogen recombinators.

- Manual operation must be automated but an additional key is needed for other possible transients
for cancelling this automation. So instead of manual we have automatics, key and manual.

- At Loviisa we had to replace on the secondary side all pilot operated safety valves with spring
operated and in France they had to replace all spring operated with pilot operated valves
(unfortunately sizes were not suitable for barter trade).

5. PERSONNEL

Personnel stability is a key factor of good operation. Persons can know enough from the station for daily
operation after 3 - 4 years. Real understanding and utilizing the experiences need much more. Long
experience with deep understanding is necessary for prompt solutions in disturbances as well as in repair
problems. Well-experienced personnel is most valuable also for development of procedures. As smooth
operation as possible, thermal stresses, chemistry or useful tips are good reasons to modify procedures.
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Very large and complicated procedures such as unit start-up and cool-down need still after 15 years some
minor modifications practically after every cold shutdown.

6 . SUMMARY

Reconstruction of nuclear power stations is very expensive. Greatly increased manufacturing costs,
direct and indirect authority costs together with new upgrading demands are threatening the economy of
nuclear power stations. Well planned capital repairs and upgradings together with hard competition
between suppliers is a possibility to survive.

Low turnover of the personnel makes it possible to operate safely and keep older plants in spite of
minor weaknesses as safe as most modem plants.
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A MID LIFE SURVEY OF THE BORSSELE NUCLEAR POWER PLANT: 3.3.3
135,000 HOURS OF FULL LOAD POWER SUPPLY TO THE GRID

by C. KALVERBOER • N.V. Elektriciteits Produktiemaatschappij
Zuid-Nederland, N.V. EPZ
THE NETHERLANDS

• ABSTRACT •

The Borssele Nuclear Power Plant near Flushing in the Netherlands is a 470 MWe PWR. The plant was
ordered in April 1969 and commissioned in October 1973. At that time the number of operating personel was
120. Today nearly 300 people are working at the plant.

The total investment for turnkey construction was 270 MFL and the budget now provides for a backfitting
program.

The performance indicators of the plant have been very satisfactory. The kWh price of this plant was the
lowest in the Netherlands and the plant will be competitive with conventional power in the next decade(s).

It is a demanding task to run the only commercial nuclear power plant in a country, to cope with organizational
changes, to meet the developments in regulations whilst staying competitive with fossil-fired base-load units.

The operational results and improvements like reduction of dose rates, corrosion rates etc. are presented.
Furthermore the experience with organizational developments such as implementation of a quality assurance
program, document control and management training are discussed.

In 1989 such IAEA safety Codes and Guides were declared applicable to the Borssele plant by the
government with amendments for the Dutch situation. A probabilistic safety assessment and an intensive
requalification program were started in order to satisfy the recent safety standards, including a desired
maximum core melt frequency of 105/year. The resulting modifications of the backfitting program, with the
exception of the safety concept, are presented.

The financial consequences of organizational developments and the backfitting program are discussed.

The conclusion of twenty years of operating experience is that quality of the organization is of overriding
importance for a satisfactory response to the evolution of safety standards and of public opinion about
nuclear power. This quality is characterised by good education, modern management tools, flexibility and
leadership •
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1. INTRODUCTION

The Borssele Nuclear Power Plant is operated by N.V. Elektriciteits-Produktiemaatschappij Zuid-
Nederland EPZ.

This Nuclear Power Plant near Flushing in the Netherlands is a 470 MWe PWR. The site has a total
potential installed power capacity of 5000 MWe.

The plant was ordered in April 1969 as a turnkey project from Siemens/KWU. The commissioning was
completed four and a half years later in October 1973.

In the Netherlands the production of nuclear power is limited to 5% of the total capacity, which is
generated by a demonstration plant at Dodewaard, a 60 MWe natural circulation BWR, and the Borssele
plant. At present there is no decision about a future nuclear programme in the Netherlands.

The operational experience with the plant when compared to other KWU plants is satisfactory and
identical.

The operational experience will be explained and highlighted in the following main items:

- Performance

- Technical issues

- Man-Machine interface

- Backfitting

- Organizational aspects.

This presentation summarizes the conclusions of nearly 20 years of experience with the technical
operation and the organization of the plant.

2. PERFORMANCE

Performance indicators only for the last ten years are shown since the statistical information for the first
period, although available, was not analysed for root causes.

- Load factor.

Figure 1 shows the load factor for the whole period, the average was 78.6%. The KCB load factor
is about at the average of the Siemens-KWU family and above the international average.
Remarkable is the long term reliability of the plant without any symptoms of a «bath tub» effect.

- Outage time, see figure 2.

The scheduled average time for the refueling periods is 37 days. The actual duration of the refueling
periods is 50% longer i.e. 55 days.

The main reason for this undesired extension of the refueling periods is of a technical nature, like
corrosion in reactor vessel internals. Such unexpected work should be avoided by additional
inspections and testing.

However for a one of a kind power plant it is difficult to detect all developing defects.
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During the cycle the power production was interrupted on the average for 17 days per year. In 1991
an unscheduled outage of 75 days was caused by the first experience of steam generator leakage.
The leakage was caused by vibration wear, in the supports in the upper part of the bundles.
Anti-vibration cams were developed and installed.

In 1983 and 1984 there were larger unscheduled stops due to condenser leakages and turbine
defects.

Reactor scrams, turbine trips.

Table 1 presents an overview of the reactor scrams, reactor coolant pump trips, turbine trips and
manual trips after shut-down of the plant.

During the last 10 years only twice a reactor trip from full load was experienced. The other reactor
trips were during start-up or shut-down and largely related to undesired human interference. The
reactor coolant pump trips were mainly caused by defects in the electronics. The manual shut-
down of the plant was mostly due to leakages either in the primary or in secondary systems in which
situations normally there was enough time available for preparation of the shut-down actions.

An extensive programmefor functional testing during normal operation oftheplantwas implemented
in 1988. A significant improvement in the number of trips and shut-downs during the last five years
has been observed. Further improvements by more sophisticated inspection programmes
especially during outages, might be achieved in the future.

Radiation exposure.

In figure 3 the total annual exposure for own and contracted personnel is indicated. A reduction
was achieved in the course of time.

In figure 4 the measured radiation levels on the primary loops are indicated. The first period is
characterized by a sharp increase of radiation levels. In 1983 a high Cobalt-60 activity was
detected during the wet sipping tests of certain batches of fuel elements compared to other
batches.

An investigation revealed a high content of cobalt in the nickel plating of the stainless steel grids
of the fuel elements. A strict reduction programme of in-core cobalt reduced the radiation levels
by 50%. The present radiation levels were forecast in 1982 by a calculation, based on the in-core
cobalt content as the only parameter. It was assumed furthermore that all other activated corrosion
products have a fixed position in the systems. This forecast matches the actual measurement very
well.

Besides the in-core cobalt reduction programme the ALARA programme was introduced to the
total and the individual exposure of personnel. The individual average exposure for the various
departments is indicated in figure 5. It is EPZ policy to limit the individual exposure to 10 mSv/year.
For which many precautions are necessary. The presently used cost-benefit value for optimizing
radiation control measures is 1 million guilders per Sv. For work with more than 10 mSv an ALARA
evaluation is required.

Economics.

The kWh-price of the KCB plant has been the lowest in the Netherlands, therefore full load power
operation was never under discussion. The kWh price is indicated in figure 6. For the future a step
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increase of 2 guilder cents/kWh due to the backfitting programme must be accounted for.
Nevertheless the Borssele Nuclear Power Plant will remain a competitive base load unit in the
Netherlands, in these prices reservations have been incorporated for fuel cycle costs and
decommissioning.

3. TECHNICAL ISSUES

In table 2 the major events of the plant have been listed.

In the long run corrosion/erosion is of major importance for the life time of components and systems.
For the electronics, instrumentation and computers the development in these branches is in many situations
limiting for their continued application in the plant.

In 1982 titanium condensors were installed on the secondary side in order to have the possibility to
introduce chemistry withahighpHof 9,9. On the primary side with LiOHapH value of 6.9at300°C is maintained.
With this chemistry the corrosion product concentrations in primary and secondary systems stays below 1
ppb during normal operation.

Erosion, corrosion rates in the secondary system form no limitation any more for the lifetime of the
components and systems.

On the primary side there have been the well known stress corrosion problem of inconel X750 on guide
pins, bolting of baffle plates and bolting in the lower core supports.

The experience with the fuel elements is good. During the last 10 years in total only four elements have
shown leakage.

4. MAN-MACHINE INTERFACE

The influence of human interaction is experienced in many situations. Numerous efforts have been and
will be taken to reduce the potentially negative effects of human interaction and to improve general
effectiveness of operation. This is achieved by education, process presentation and by changing the design
of certain plant systems.

For education of operating personnel every year a simulator course and a total of twenty days of
refresher courses are provided. The KSG/GFS simulator training in Essen is used and there is an on-site
training department with four professional instructors. I n the future a replica simulator of the plant will be built.

In 1986 a new process computer with a sophisticated process presentation system was installed. The
process presentation system provides overview information, event-based and symptom oriented information.
On each screen safety criteria linked to the system-based procedures are indicated. An overview panel
supplies status information of the operating plant and the safety systems.

The original design of the plant requires in many situations operator action for optimal recovery. Future
modifications in safety systems lay-out and the logic of the reactor protection system will allow a minimum
available response time of 30 minutes. During this period safety related checks can be performed and the
situation analyzed. Symptom-based process presentation and procedures have to be used afterthis period.
The operator's attention is concentrated on following the procedures, initiation of long term measures and
on the use of accident management measures for beyond-design situations.
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5. BACKF1TTING

The regulatory requirements are based on amended IAEA safety codes and guides developed
recently. In addition the regulatory body in the Netherlands requires a ten-year evaluation of the plant safety,
the health physics, operational and organizational aspects.

For the technical evaluation a detailed programme called«Project Modificaties» is in progress. In 1990
an inventory of the differences between the actual plant design and recent regulatory requirements was
made.

In 1991 a safety concept to meet the safety requirements to a practicable extent was developed by
Siemens/KWU. The concept describes the planned modifications and justifies specific solutions.

In parallel a probabilistic safety analysis was made. The results of this PSA in terms of weak points in
the design are covered by the Project Modificaties. A safety level corresponding to a core melt frequency
of approximately 10-5/year may be met after implementation of the modifications.

The main modifications are:

- Primary safety valves for feed and bleed.
- Main safety systems split up in 2 x 100% redundancy with 100% back up for rotating equipment

per redundancy.
- Replacement of live steam and feedwater lines.
- Improved reactor protection system.
- Larger emergency power supply, physically separated.
- Autonomous safe shut-down system with own power supply, water supply protected against

external influences such as aeroplane crash, earthquake, gas cloud explosion.
- Hydrogen control following a core melt accident.
- Filtered containment pressure relief system after a core melt accident.
- Improvement of control panel lay-out.

All relevant calculations for design base accidents are performed with sophisticated software. The
results are presented in an updated safety report and form the basis for operating procedures.

The backfitting programme is expensive, with an investment cost higher than the initial investment of
270 million guilders and will increase the production costs by about 2 guilder cents/kWh. For the next 10 years
the plant will be competitive with other base load plants.

6. ORGANIZATIONAL ASPECTS

In 1973 KCB started operation with 120 people and today there are over 300 people in our
organization.

- In the beginning the staff had been involved in the construction, commissioning and the detailed
acceptance test programme. Detailed knowledge was available within the operating personnel
and there was close cooperation.

- Today nearly 20 years later this knowledge must be learned from books, the simulator and courses.
Transients are rare and practical exercise with the plant is minimal. An operator meets a normal
transient only once in 8 years.
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- The safety requirements nowadays are more specific and formalized. Numerous regulations have
to be followed like periodic inspections, functional testing and quality assurance based reporting.

- Evaluation of experience in sister power plants and internationally (WANO) has to be made.

- Regulatory requirements for operation and design are changing fast. Design operating procedures,

handbooks, technical specifications have to be reevaluated according to the requirements.

- Numerous design modifications have to be made. The knowledge of the original plant design is

how only partially available with the plant designer and constructor and must be provided by the

EPZ organization.

These tasks require good technical knowledge of the design, operational experience and regulatory
requirements in order to properly -weigh» the impact of new experience and regulations. It requires a
complete «as built- documentation, a document control system, a quality assurance programme and a
configuration management system as management tools for the organization.

It requires organizational and managerial capabilities to operate the plant, but also to address the
original designer, contractors and the regulatory body forthe required and desired plant-specific backfitting.

For a long time the additional tasks were carried out by the operating organization which expanded
gradually. It was difficult to define priorities for the organization. Especially due to unexpected operational
occurrences and during the refueling periods.

An extensive reorganization has been initiated in 1992:

- Adedicatedoperationorganizationfortheplant, producing kWh's, refueling and normal maintenance.

- A" separate group for technical support responsible for evaluation of deviations, suggesting
improvements, studies of international experience and developments and for special one-of-a-
kind jobs.

- A project oriented organization for development of new procedures, special tests, commissioning
of modifications, etc.

- Large projects such as backfitting will be coordinated by the project department from head offices.

The technical support and projectorganization are housed on the plant site and operating people from
the plant can be borrowed by the project teams.

Besides this organization as diversification, centralized solutions are developed for:

- documentation centre

- document control system

- configuration management system

- maintenance control system.

The reorganization will be successful with development of managerial capabilities throughout the
organization.

7. CONCLUSIONS

- The Borssele Nuclear Power Plant has been a reliable base load unit for almost 20 years of
operation.
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- No major technical problems have been encountered.

- To meet the latest developments in technology it is necessary to have an efficient and flexible
organization to accommodate the changes.

- The organization must have the technical and managerial capability to deal with
designers/contractors and with authorities in order to make the many plant modifications.

- A backfitting programme is carried out to obtain an improved up-to-date safety level of the plant
on the basis of which the operating permit can be extended for the next 10 years.

- Technical and organizational quality is undoubtedly needed to continue an efficient operating
record, to maintain good public relations and to promote international cooperation. For a relatively
small organization this can be regarded as an interesting challenge.
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TABLE 1

Year

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

Total

Overview of

Reactor trip

1

1

-

1

1

.

2

-

1

7

Only 2 from

trips and manual shutdowns (Pr > 3%)

Pump trip

2

1

1

.

2

3

1

-

-

10

Turbine trip

2

2

-

1

2

.

1

-

-

8

Manual

.

5

7

2

1

2

.

2

.

2

21

Total

3

9

10

2

5

8

1

5

0

3

46

Mostly due to leakages
in systems

3 MMI related; 3 technical

7 Electronic defects

full load; 4 MMI related
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TABLE 2

KCB major events

1967-1969

1969-1973

1973

1974

1973-1977

1975

1975

1978

1979

1979

1980

1981

1982

1982-1986

1983

1984

1984

1985

1986

1986

1988

1989

1990

1991

1991

1991

Design

Construction of the plant

Acceptance tests, start up

Leakage pressurizer

After problems with diesel generator sets; Addition of a forth set

Plant security upgrade

Repair of moisture separator/reheater

Start of simulator training program

Leakage compensator bellow HP-turbine

TMI accident; Evaluation with respect to KCB

* Software projects:

- Expansion of the operations instructions

- Expansion of the operator training

* Hardware projects:

- Modification of reactor safety system

- Addition of recombiner
- Addition of accident resistant instrumentation

- Addition of Technical Coordination Centre

Fire in plant auxiliary transformer

Overcooting transient primary system

installation of titanium condensers

Evaluation of human failures

* Implementation of guidelines for operations personnel

* Initiation of 2PR project, control room upgrade

* Development of symptom based procedures

* Retraining of personnel

Leakage of pressurizer safety relief valve

Stuck pilot valve of main safety relief valves

Leakage condensers

Commissioning additional decay heat removal system

Commissioning 2 x 1 0 safety relief valves on main steam loops

Commissioning of a second auxiliary transformer

Installation of process computer with upgraded process presentation

Installation new detection system

Repair of lower core support construction "Schemel"

Leakage of MOV in RHR suction line

Steamgenerator 1, tube leakage due to fretting

Leakage of check valves ECCS injection lines
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Report on the Round Table chaired by Mr. HALL (GB)

1. Mr. HALL (GB) introduced the round table by summarising the papers presented in session 3.

2. Mr. HOGBERG (SE) gave the Regulators' view. He shared the common safety goal of zero incidents
and spoke strongly on Periodic Safety Assessment over long periods of time to ensure safety is up to
date with backfitting as necessary. Plant Managers need to be competent buyers of strong technical
support.

3. Mr. MIRA (FR) noted that papers presented all had the common theme to improve safety and
performance. IAEA have an in depth statement on this via INSAG 4. Much personal vigilance is still
needed - strengthened training in perception and awareness or "professionalism" were necessary as
a degree of complacency will otherwise develop. Safety and competitiveness are to be taught on two
different fronts and are a permanent quest.

4. Mr. BALOGI (HU) remarked that he would no doubt be operating his plant in 40-45 years despite the
backfitting programme which started during construction. Finding Western experience in valuable.

5. General questions from the floor

5.1 Mr. SMITTON (GB): noted increased need for individuals to take greater responsibility. Are the
regulators getting these points to their individuals?

5.2 Mr. MATHEWS (GB): noted the systematic approach to human performance putforward by Mrs.
COLARD (BE) and applauded the approach shown but asked to what extent it was being
applied elsewhere. Mr. ULENS (BE) replied that in Belgium it was not profound. It was being
learnt whilst doing Peer reviews at plants. Mr. HOGBERG said that strong internal review should
also include the ManfTechnology/Organisation interface. The Swedish Regulatory body
included a team of 5 in this area. Mr. MIRA (FR) added that he also agreed with Mrs. COLARD
and said the EDF had had a process in place since 1981.

5.3 Mr. D'ONGHI A (Unipede) asked that as a massive effort and cost was being applied to human
error avoidance, had any reductions been achieved and what potential exists. Mr. HALL (GB)
outlined the changes in the structure of UK electricity and related this to how accountability and
empowerment and a sharper approach gives more trust, a handsoff approach. Mr. ULENS(BE)
related human error to all facets of life - designs, management - it becomes a matter of
clarification. It was difficult to say if an improvement had occurred as they did not classify it the
same way five years' ago. Mr. HOGBERG (SE) said that attention to detail was profitable to a
utility. It was a matter of doing it right first time. He saw no conflict between safety and
commercialism in the long term. Mr. MIRA (FR) added that a utility must have right to make
mistakes. Improved human performance will reach a limit. There is a need to have human
redundancy in Operations and Maintenance. The only way he could think of to describe this is
by Independent Controls.
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5.4 (Unknown name) (FR): Question to Mr. BALOGI (HU) - does he think the work done at Paks is
sufficient or is more needed? Mr. BALOGi replied that work was not yet completed. In particular
there remained some work on Seismic Qualification and Emergency Feed Water where a new
plant was required. But that does not imply the end. We must not stop but continually strive to
improve safety. We are open to others who want to see what we have done. Free of charge!

6. Conclusion

Mr. HALL briefly rounded up on the discussion and closed the session •
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MAINTENANCE IN BELGIAN NUCLEAR POWER STATIONS 4.1.1
STRATEGY, ORGANIZATION AND TOOLS

by Philippe CONRAETS - Tihange Nuclear Power Plant
BELGIUM

• ABSTRACT •

Strategy
The generation of electricity is the main goal of nuclear power stations throughout the world.

In each country, nuclear generation is guided by objectives (availability, quality of service...) and has to
respect constraints (safety rules, environment, working conditions and regulations...).

The importance of these various objectives and constraints varies from country to country; consequently,
there are different maintenance strategies, adapted each time to local conditions.

These strategies can be divided into three categories:

1. an extensive maintenance programme,
2. a national policy,
3. a made-to-measure programme.

The strategy used in Belgium is of the third type; it aims to obtain a good load factor whilst respecting safety
rules and minimizing costs. Maintenance is based on a conventional organisation and on the use of
computerized systems.

Organization
The responsibility for maintenance is provided locally by the production unit; each unit establishes a
preventive maintenance programme for safety related materials and for the large equipment required for
generation . The feedback of experience is continuously integrated into this maintenance programme.

On the level of the group TRACTEBEL (owner of ELECTRABEL) different entities support maintenance in the
nuclear area: a technical support centre is responsible for maintenance of specific equipment such as the
turbine: the architect engineer gives full support for important modifications; a specialized laboratory
performs technical studies and tests on the behaviour of the materials.

The use of external companies during overhaul allows the realisation of important jobs in a short period of
time; the maintenance service is then mostly in charge of supervision and quality control.

Tools
The use of computerized tools in the maintenance activities helps to guarantee precision, traceability and
efficiency.

The Belgian stations in fact use a computerized system for the management of corrective and preventive
maintenance on all their equipment.

Particular applications are used for the follow-up of specific equipment; for instance, the MOVs (motor
operated valves) are periodically controlled by a specific computerized tool; this allows identification and
correction of potential failures before the MOV is rendered out of service •
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1. STRATEGY

The power installed in Belgium is 12,846 MW.

45 % of this power capability comes from nuclear energy.

Belgium is a little country with a high population density, i.e. 320 inhabitants per square km. Therefore,
an incident has bigger impact on the environment and creates a rapid stir in public opinion. The 7 nuclear
power plants are base-load operated, as their production cost is lower than that of classic plants. In 1991
they produced 60% of the energy required by consumers.

These units are of the PWR type. They were built between 1972 and 1985 by different constructors.
Therefore, different materials and equipment have been implemented to carry out the same functions.

At present, projects and extension of nuclear power plants are frozen by the Belgian authorities. The
utilities and the architect-engineer are thus exploring more intensely the ways of prolonging the lifetime of
existing power plants.

These various considerations lead to a strategy of maintenance aiming at gaining a good operability
of units on a short and long term, while complying with safety rules and minimizing costs. This aim is
materialized by:

- establishing a preventive maintenance program in each production unit,

- taking advice from architect-engineers for important problems,

- taking continuously into account experience feedback,

- calling on subcontractors and comparing their competitiveness,

- complying with safety requirements and incident prevention,

- using computerized tools,

- performing top-quality servicing.

2. ORGANIZATION

2.1 Tasks

Maintenance activities are generally divided as follows: Preventive Maintenance, Corrective
Maintenance, Modifications and Important Repairs, regulatory inspections.

A maintenance program is set up for each production unit. This program describes all the maintenance
activities and the inspections to be carried out for equipment in connection with safety and for important
materials as far as operability is concerned. Criteria taken into account to establish this program are the
following: technical specifications, recommendations of constructors, lifetime of equipment, various experience
feedbacks. Remarks made when it is implemented are taken into consideration to adjust the nature and
frequency of servicing.

Corrective maintenance is not enough when materials are more seriously damaged. They must then
be subjected either to restoration or to important repairs, such as the replacement of condensors or of steam
generators. The architect-engineer TRACTEBEL, the constructor of the Belgian nuclear power plants, is
responsible for the study of these repairs. New materials are selected by LABORELEC (laboratory of the
group) after a behaviour study. External companies are entrusted with implementation after comparison of
their bids from technical and commercial viewpoints.
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Modifications aiming at improving equipment performance, such as the restoration of the turbine
instrumentation and control system or of the plant safety engineered systems, are treated in a similar way:
studies by Tractebel and implementation by specialized companies.

ISI regulatory inspections are planned by the architect-engineer and implemented by an authorized
inspection agency.

2.2 Responsibility off actors

The maintenance department of each nuclear unit is responsible for the successful conclusion of all
the tasks described above. This department consists of 6 engineers, 7 foremen, and about a hundred
technicians divided into 3 sections: mechanics, electricity, and instrumentation. This department carries out
an important part of the activities of maintenance. For the remaining activities, it is helped by:

- the Centralized Department of Electrabel (100 people) which is responsible for the maintenance
of the turbines of the company,

- the Architect-Engineer Tractebel for studies and follow-up of working sites in connection with
important repairs and modifications (see above).

- external companies for the implementation of a number of operations at shutdown.

During unit operation, the maintenance department carries out the corrective maintenance, on the one
hand, and, on the other, takes all the actions necessary to the successful progress of operations at
shutdowns: identification of work to be carried out, preparation of procedures and of tools, placing of orders,
coordination and planning of activities.

When the units are at refuelling shutdown, external companies (1,000 people) are entrusted with a
number of jobs in order to maintain a short shutdown of about 30 days. Some work is carried out in 24 hour
shifts. At this time, the maintenance department is essentially responsible for the coordination and
supervision of work. Particular attention is paid to the following points:

- Work organization is well defined and everybody is informed of it.

- The main planning is followed up from day to day.

- Hierarchy follows up activities onsite and rapidly takes corrective actions in case of abnormal
events.

- Competitive and top quality subcontractors are called on.

- Quality control.

3. TOOLS

Thanks to the use of computerized tools, the general management of maintenance gains in rapidity,
efficiency, and strictness. These tools are also used for the follow-up of special equipment such as motor-
operated valves.

3.1 Tagging and Maintenance Application

The Tagging and Maintenance Application<1) is used to inform, formalize, and store maintenance
operations carried out on any equipment of the plant. This application was developed by Tractebel and
modelled on the former organization which used to exist between the three operation departments:
Production, Maintenance, and Safety.

ACM : Application de Consignation et de Maintenance
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3.1.1 Composition

This program is divided into two sub-assemblies:

a) The data bank

This includes all the equipment of the primary, secondary, auxiliary, and various systems of each
unit (i.e. 50,000 pieces of equipment) with a simple and univocal name and gathers all the functional and
physical data of this equipment (several million parameters).

Therefore, this data bank is used to identify correctly any device which requires servicing. It also
constitutes a consultation tool for equipment characteristics. (Equipment Encyclopaedia.)

b) Document message system

The objective of this electronic message system is to carry out the maintenance management with
more ease, but also with greater strictness, and a better traceability. This objective can be reached thanks
to various forms circulating between the actors of the operation departments who have a role to play in the
maintenance process.

These forms are the following: DT (work request), I TV (servicing), CNS (tagging), AT (work permit).

The DT form; it allows:

- for all members to indicate any failure noted in facilities or to request directly the execution of work,

- to inform the hierarchy of the applicant about the abnormal event; hierarchy may then approve the
work request and direct it to the maintenance department.

- to inform the manager of the maintenance department, who may then entrust the qualified
organizational unit with the execution of work.

The ITV form

This organizational unit issues a new form (ITV), connected to the first one (DT), which will indicate
specifically to the operation departments:

1. The description, as complete and accurate as possible, of work actually planned.

2. The planning (date of work beginning and end).

3. People and companies assigned as supervisors and foremen.

4. The particular conditions necessary for the execution of work. (For example, draining or not of the

system, cut off or not of power supplies, cut off or not of fire detection, etc.).

The ITV document will then be sent successively to the three operation departments which will approve
it or not according to operational constraints, and possibly add safety instructions peculiar to the nature and
place of servicing (Safety- Radioprotection).
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The CNS form .

Once it is accepted, the work document is sent to the production team which issues, under the
responsibility of the shift supervisor, a third document connected to the previous ones (tagging) and meant
to put facilities into safety.

The servicing will then be performed according to the tagging application which is materialized by an
exhaustive list of locked out pieces of equipment. This equipment will be locked out by control contractors
on the basis of the tagging issue. Each locked out equipment item will receive in situ a label issued by the
program and indicating the tagging references.

As soon as this equipment is put into safety, the shift supervisor uses the computer system to issue
a work permit which has to be signed by the work supervisor for operating conditions approval.

The facility shall be put into working condition again, requalified by the proper department, and put
into service again only when this document is physically given back to the shift supervisor and when the
contractor has formally specified the end of servicing.

The servicing is closed by encoding into the program a summary of the servicing which witl constitute
the record and history of the job. This summary will store the work references, from the request to its closure.

The initial work request (DT) is then commented upon and validated by hierarchy of the executing
department before being sent back to the hierarchy of the applicant. The applicant receives then the closed
document for information and stores it himself via the computer system.

Notes:

1. At any stage of the documents, any agent may research and follow up the evolution of a document
and its history (i.e. successive states) in query mode.

2. A document is not sent by name to one person, but to a group of persons considered as liable to
play a special functional role. The message system is controlled by a data bankfor agents, defining
each agent by a single identifier and by functional roles in a department.

3. It is possible to query the summaries of servicing on one piece of equipment by simply calling this
piece of equipment. This allows to estimate repetitive work and to detect generic failures.

3.1.2 Implementation in the existing organization

The application is a formalized copy of the work organization in place. The paper has only been
replaced by a computer keyboard. This application resulted thus in no fundamental change within this
organization. Nevertheless, its use requires all the actors of the hierarchy to fulfill their respective roles. This
is the reason why an important effort has been made for the implementation which has been carried out for
each operational unit and organized by an organizational unit created on this occasion: the Computer
Project.

The strategy has been the following:

1." Assignment in each unit of a functional manager in charge of collecting requests, notes, and
comments from users. This engineer follows up the progressive implementation of the application.

2. Control of the application as far as determined functional features are concerned and checking by
key users.
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3. Training of chief instructors in each department. These chief instructors receive a complete training
period of 10 days concerning the whole application and have to pass on to the agents of their
department a specialized and targeted training peculiar to the particular role of these agents in the
organization. (Chain training.)

4. Training through the project of staff members and of the mastery to the whole application (5 days).

5. Progressive implementation of the application as the training progresses (staggered over 7 to 12
weeks per unit). This implementation is characterized by:

- selective encoding of a number of well selected individual cases,

- complete encoding of all the documents, parallel to paper,

- final suppression of paper documents, 1 to 2 weeks after the end of training.

3.1.3 Advantages of the application

The advantages are numerous and various on all levels and for all departments.

Let us mention among others:

1. Strictness of the organization

- Only the people assigned and having the computer role may modify the state of a document: no
by-pass possible.

- Compulsory transmission of a document and information of hierarchy.

- Univocal identification of equipment, but easiiy accessible by research via key words.

The consequence of this strictness is that each actor shall fulfil the role provided for in the application.

2. Easy management

- Periodical servicing of preventive maintenance and of tests are planned in the application.

- The user may create document libraries which can be used in the future: servicing and repetitive
taggings.

- Issue of statistics.

- Thanks to the complete nature of the servicing history, the maintenance program can be adapted.

- Research and sorting of information and documents.

3. Data bank of devices

- This data bank is well arranged and not limitative, and may receive alphanumeric and digital data
of whatever nature.

- Because a piece of equipment is divided into functional device and associated physical device,
it is possible to follow up the movements of a physical piece of equipment (in the facility, in the
premises of the constructor/repairman, in stores, in workshops, etc.).

- Quality of information: collecting of data from controlled sources; information cross-check;
updating by qualified agents and authorities according to a strict formalism.
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3.2 Maintenance policy of motor-operated valves

Various difficulties arose during the in-plant operation of motor-operated valves: torque switch tripping
value, adjustment of this value, follow-up of the operational parameters, identification of the origin of a failure,
etc.

These problems as well as the generic letter from the NRC dated October 1989 led us to implement
a maintenance policy in 3 phases.

3.2.1 Phase 1: Preparation

After reassessment of operating conditions, in the deteriorated mode among others, Tractebel
redefined the torque switch values for all safety valves.

The plant operator selected a tool consisting of a brake, a recorder, and a PC. Thanks to the calibrated
brake, the torque switches can be adjusted according to the value defined above. The recorder allows to
note the signature (voltage, tension, switchover of switches) of the MOV under operation. The PC allows to
store all the important information (physical characteristics of valves and actuators, signatures) in a data
bank.

Intervention teams attended training sessions.

3.2.2 Phase 2: Initial inspection

„ The following actions were taken during this initial inspection of all safety MOVs:

- Removal of the actuator, checking of the piece of equipment and overhaul.

- Calibration of the torque switch.

- Reinstallation and no-load operation test with recording of parameters: no-load signature.

- Operation test at nominal conditions of the system with recording of parameters (torque, supply)
from the cubicle: real signature.

- Introduction of signatures in the data bank. These signatures will be used as references for future
tests.

- Comparison between signatures of identical valves.

3.2.3 Phase 3: Subsequent inspections

Subsequent inspections are all based on the specification of real signatures from the power supply
cubicle. The comparative examination of these signatures with theoriginai signatures and with the signatures
of other valves of a same series gives accurate indications about the presence of deterioration and therefore
about the necessity and the nature of the servicing to be carried out.

This type of examination is carried out periodically every 3 years. It is also performed when an
abnormal operating condition is indicated by the production department. It closes every servicing carried
out by the maintenance department on the MOV.

All the signatures are entered into the data bank.

We think that due to periodical inspections, preventive maintenance on servomotors can be avoided,
with the exception of equipment located in an unfavourable environment (high temperature).
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3.2.4 Results

From 1988 to 1991, the Doel power plant 3 & 4 has implemented the phase 2 on the 614 MOVs. The
percentage of failure is noteworthy: 2% for the actuator (electrical part),

7% for the actuator (mechanical part),
24% for the valve

Periodical inspections of phase 3 have started. They do not show many failures. Therefore,
maintenance work may be alleviated.
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MAINTENANCE 2000, TWO LARGE STEPS FOR E.D.F. 4.1.2

by Jean-Pierre MERCIER, Director O & M Engineering
Generation and Transmission Division - Electricite de France
FRANCE

• ABSTRACT•

The paper focuses on two main evolutions of E.D.F.'s maintenance policy:

• Comfort our conceptual leadership in the fields of maintenance engineering, integration today
of Reliability Centred Maintenance (RC.M.)technology into the refinement of existing maintenance
programs, integration tomorrow of these same methods into the design of the next E.D.F.
reactors.

• Achieve a Quality Improvement Program for the implementation of tasks and Outage
Management, to cope with the rising company standards for organisational and human errors.

This program, designed today, but with effects fully visible in some years focuses on demanding objectives
for work force safety culture, contractors supervision, better planning for quality checks and interfaces, and
post maintenance requalification •
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PARTI

FOREWORD

Reaching excellence in maintenance is now recognised as a combination of two very different plans.

Maintenance engineering, a little known (or better little recognised) type of skill is key number one.

Understanding and mastering the needs, a delicate balance of too few, too much, or irrelevant
preventive maintenance, knowing the benefits and limitations of predictive maintenance, is a full time
profession, or should be, since we are still too few people in relationship with the market.

Mastering implementation and packaging, is key number two. Getting together quality and speed is
a well known challenge where we all need to improve our performance.

EDF1990 STATUS

EDF reputation in maintenance engineering is recognised worldwide. It dates back to our fossil days
and is built on technical self sufficiency and true partnership with vendors.

Operation experience is a strong basis for this expertise and of course, standardisation helps in this
field.

Maintenance implementation is another matter.

The strong and rapid build up of the French nuclear programme has been a problem because of the
number of maintenance tasks each day. At times, it looks like we have been trailing experience behind
events, with a number of embarrassing mistakes receiving more outside attention than the successful
majority.

There, standardisation doesn't help the guy, alone in front of his MOV.
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PART II

WAYS FOR IMPROVEMENTS

No wonder if we reproduce the above partition in between engineering and implementation.

- Optimize the maintenance plan, where we think we are not that bad.

- Install a Quality Improvement Plan for implementation where our weaknesses are obvious.

We will not going into a lot on maintenance plan optimization great deal. EDF has been the first nuclear
utility to move away from vendors programmes, and apply a basic RCM logic to make its own PM programs.

We have simply embarked now on a 10 M$ full scope RCM program, which can give us a little benefit
on safety, and a little benefit in maintenance cost over our existing streamlined program.

A part of this is more integration of design and maintenance engineering teams, to apply operation
experience.

I n addition, for the small minority of people understanding really what RCM is all about, we plan to apply
""this concept from the start for the next generation of EDF plants, known as PWR 2000.

We have an agreement with EDF Construction Division to integrate reliability, maintainability and
maintenance logistic, in a formal way in this next design.

Of course, nobody would agree that this has not been a priority criteria for the old generation of plants,
but the truth is, it was not. We all know that, and to-day, we may be the first one to succeed; the future will
tell.
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IMPROVEMENTS IN IMPLEMENTATION

This is the true novelty in our Quality Improvement Plan.

Even if we are rather good (Each maintenance technician, from past events, is likely to produce an
embarrassing mistake every twenty years), we are not perceived to be by the public thanks to the residual
errors.

Therefore we are looking to reduce this black spot by a factor of 3 to 5.

We are attacking this problem where its belongs, the deep roots for human errors:

* Theeducation level, by giving the opportunity to the staff to embark on self improvement programs,

* The staff safety culture, with better, imposed specialised training course, including open discussions
on real life cases,

* Interfaces, a major cause of errors, we now enforce a strict post maintenance requalif ication policy,

* Procedures, turn them from a mere list of technical steps, to identify risks and potential errors
(create a Safety-Quality Plan).

With more than 60 % of maintenance man hours contracted out (80 % in an outage), mastering
contractors costs (and mistakes) is also a must for us.

Our intention is to improve work supervision, E.D.F. inspectors specially trained for the proper balance
in interference, will respond to our management about the quality of the job.

We have also created a«worker access permit* to keep a better track of workers qualifications, avoid
last minute hiring by contractors in peak periods, and provide an equal protection to all workers, including
temporary ones.

E.D.F. has recently refurbished its requirements about outside workers qualifications. We have signed
long term agreement with our main suppliers with equal responsabilities.

E.D.F. is expecting good and safe professional standards and is ready to take a part in the training
cost.
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MAINTENANCE, PHILOSOPHY AND CRITERIA 4.1.3

by Eduardo DIAZ RIO - Trillo I Nuclear Power plant
SPAIN

• A B S T R A C T •

The object of maintenance in the Trillo I plant is to ensure that equipment functions correctly and according
to design when it is required.

For that reason, a plan has been drawn up to reduce the amount of corrective intervention through prediction
and prevention, complementing the "in service" inspections and periodical test carried out in the plant.

A great effort has been made to ensure that the personnel responsible for these tasks are trained and
qualified and that the support documentation, in the form of procedures, provides the technology necessary
to carry out the tasks.

Technical aspects which do not come within the provisions of the supplier will be dealt with in direct
collaboration with the manufacturer.

The Maintenance Department will also define the content of the Maintenance programme and keep an
inventory of the replacement plant required to cover the scheduled activities, as well as coping with
unscheduled repairs due to breakdowns.

A main-frame computer system is used to control the planning, management and execution of maintenance
activities, as well as to keep an inventory of all components and replacements along with component history.

At present, the methods employed to evaluate the maintenance activities are being refined with the aim of
improving the efficiency of both the interventions and their planning •
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O. PREAMBLE

Please allow me to start by explaining that during my intervention I shall be dealing with the criteria
and philosophy underlying maintenance from an empirical rather than theoretical viewpoint. Bearing in mind
that I am responsible for the management of a nuclear power plant that entered commercial operation just
four years ago, and that I occupied this same post throughout the construction phase, noother course is open
to me.

Please allow me to point out also that I shall be referring to the maintenance criteria and philosophy
applied at the Trillo I Nuclear Power Plant, of which I am the Manager.

In this way I trust that what I have to say will cease to be more words and become an explanation of
a reality.

1. INTRODUCTION

Trillo Nuclear Power Plant is one of the nine nuclear groups operating in Spain, which together provide
16% of the country's installed production capacity and 35% of the power actually generated. Trillo, which
started up in 1988, is the most recent nuclear power plant to goon line in Spain and has achieved a production
of 7,000 million kilowatt hours per year. The design characteristics of the plant are as follows:

Power

Reactor Thermal Power

Steam Generator Thermal Power

Gross Electrical Output

3,010 MW

3,027 MW

1,066 MW

Reactor

Reactor type

Number of Fuel Elements

Number of Coolant Loops

PWR

177

3

Turbine

Type

Stages

Rotation Speed

Condenser Cooling

Steam Condensation

1 High Pressure

3 Low Pressure

3,000 rpm

Natural Draught Cooling Towers

Ratio

Gross Energy produced (Gwh) Year

7,643
6,839
6.939

89

90

91

Operation

87%

81%

78%

Load

85%

75%

76%
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The plant was designed by the German firm SIEMENS, S.A., although 85% of the total investment was
made in domestic industry.

The plant has now completed three fuel cycles, the most significant operational events being those
described below:

Main Coolant Pumps

Cracking of the reactor coolant pump shaft sleeve occurred asa result of overheating of the lower
pump bearings due to inadequate cooling, this in turn being the result of loss of the cooling water flow path
due to degradation of a sealing gasket. This anomaly was detected in 1990 due to high vibrations, and the
plant underwent a 16-day non-scheduled outage, subsequently having to operate on two loops until the
shutdown for refuelling that same year. During the 1991 refuelling outage, the lower bearing supports and
seals and the material of the shaft sleeve were modified in the three Main Coolant Pumps.

Alternator Rotor

During the 1990 refuelling outage the alternator rotor was inspected, and found to be affected by a
series of problems: transverse fissures in four of the damper wedges and 15 longitudinal fissures in the
inductor coil housing slot closure wedges. This led to procurement of a new rotor, which will be installed
during the 1993 refuelling outage; the current component will be repaired and maintained as a spare.

Isolation Valves

—— Leakage was detected across the Primary Circuit and Residual Heat Removal System isolation valves
as a result of the primary pressure increases occurring during plant start-up. This required maintenance
tasks to be carried out during the 1990 and 1991 refuelling outages, with subsequent delays in start-up.

Steam Generator Chemistry

Incorrect operation of the steam generator blowdown treatment system caused sulphuric acid to be
injected into the SGs, as a result of which these components had to be cleaned by annealing in June 1991.
Following start-up, a pore was detected in one tube of the additional TWboration system, this being the result
of chloride corrosion caused by the electrical heating system installed. The plant was shut down in July 1991
to undertake the necessary repairs and to remove the heating system, which recent calculations had shown
to be unnecessary.

Replacement of the Low Pressure Turbine

Since the very beginning of commercial operation of the plant, the maximum power provided by the
turbine was around 1,015 MW, a value significantly below the initially foreseen output of 1,043 MW.
Replacement of the three low pressure turbine stages during the 1991 refuelling outage has increased this
value to 1,066 MW.

2. TRILLO I MAINTENANCE ORGANIZATION AND OBJECTIVES

The results achieved by the Trillo Nuclear Power Plant to date, after three fuel cycles, may be
summarized by way of the following accumulated ratios:

- Operating factor 81 %

- Load factor 77%
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although the latter is not truly representative, since from the beginning of the operational period it has been
penalized by a turbine output deficit amounting to almost 30 MWe.

These results, which I believe to be correct, have been achieved by combining an adequate
organization with clear objectives, as well as by applying the working methodology described below.

The organization in charge of operating the Trillo Nuclear Power Plant comprises three major
Departments, with a total staff of 414 persons. Of these, the Management and Administration Department
employs 49 individuals, Quality Assurance 14 and Operations 348, of which 310 are on-site personnel and
the remaining 37 are involved in Design, Operations support, Fuel Management and Safety and Licensing
tasks atthe company's Headquarters. Apart from the above, Trillo Nuclear Power Plant receives permanent
support from contracted personnel, mainly in the areas of Physical Safety, Maintenance, Radiological
Protection and Cleaning Services, this additional personnel amounting to 330 individuals.

With regard to maintenance the in-house organization is made up of 124 persons, supplemented by
contracted services normally involving a further 120 individuals. The objectives of this organization are as
follows:

- To maintain the Safety conditions established for the facilities in accordance with the legal
requirements.

- To contribute to the quality of the electricity supply by maintaining suitable levels of availability and
reliability.

- To conserve the plant such that its components comply with their function, in accordance with
design criteria.

- To achieve the aforementioned objectives at a reasonable cost.

The methodologies used by the Maintenance Department to meet these objectives are as follows

2.1 Personnel training and qualification.

2.2 Correct identification of scope.

2.3 Planning scheduling and coordination.

2.4 Work control.

2.5 Correct spares management.

2.1 Personnel Training and Qualification

At Trillo Nuclear Power Plant special emphasis has always been given to providing the personnel
responsible for maintenance with a suitable educational background and training. On the basis of the
experience provided by each of the members of the maintenance team, and independently from the
necessary on-the-job training that this personnel has been receiving since the initial component testing
phase, a specific training plan has been designed for each post, which determines the training required by
each individual in view of the tasks to be performed.

This training, which is structured into courses, is provided at the plant and includes retraining over
predetermined cycles. At Trillo Nuclear Power Plant the training specified for a given post and received
initially by each individual involved in maintenance, without taking into account subsequent on-the-job
training, amounts to some 400 hours.
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2.2 Correct identification of scope

Definition of the scope of maintenance activities implies, on the one hand identification of the
equipment and components to be considered and, on the other, analysis on the basis of the technical
characteristics of the equipment, its operational conditions, theapplicable legal requirements and operational
experience, of which maintenance tasks are to be applied to equipment having similar technical and
functional characteristics. At Trillo, quantification of this scope is as follows:

Components considered 55,346

Components differentiated 8,640

Maintenance tasks differentiated 2,533

Components assigned to tasks 55,030

2.3 Planning, Scheduling and Coordination

The number of Task-Component combinations gives an idea of the need to draw up a rigorous
program of maintenance activities, in order to ensure efficient performance within the prescribed time limits.
With this aim in mind, Trillo Nuclear Power Plant has addressed management of this program via a
computerized maintenance and stores management system (SIGMA). This system, which as we shall see
below covers many other aspects of maintenance management, was specifically developed for our plant
by specialized personnel working under our supervision, this development implying 12,000 hours of work.
System start-up was performed by Trillo personnel.

The maintenance and testing programs having been formally established by way of Operations, In-
Service Inspection and Design Modification Technical Specifications, annual work schedules are drawn up
and are formally commented on by the entire organization. This allows adequate policies to be developed
for spares management and overall planning of plant tag-outs, with a view to minimizing the unavailability
of safety-related equipment and the subcontracting of work, while at the same time optimizing human
resources and reducing radiation doses via ALARA techniques, etc.

Non-scheduled tasks determined by one of the plant organizations as being necessary are identified
within this computerized system by means of what is known as a work request, with a clear definition of their
urgency. The agility of this computerized system, applied to weekly supervision of the performance of
scheduled tasks, corrective tasks arising and, in general, tasks pending scheduling, makes it possible to
issue detailed performance programs for the week. Such programs allow measures to be established for the
control and tracking of on-going tasks by all the organizations involved.

2.4 Work control

Once execution of a maintenance task has been agreed on by the organization and included in the
program, the document required for its control is obtained from the computer system. This document
references the characteristics of the job to be carried out, the documentation to be applied and the tests to
be performed on completion of the task. The entire maintenance documentation scheme is based on
procedures drawn up for actions to be taken with respect to specific products and models, regardless of
the part of the plant in which they carry out their function. These procedures describe both assembly,
disassembly and calibration tasks and the assembly and testing protocols necessary to ensure correct
subsequent operation. Only when such documentation has not been provided by the supplier is the
presence of the equipment manufacturer's personnel sought. The preparation and subsequent revision of
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this working documentation has been, and continues to be, an important source of information for
maintenance personnel training.

On completion of maintenance tasks, data on task performance, the results obtained, materials used
and personnel responsible are input to the system, and the corresponding working documents are filed. This
ensures immediate traceability of historical records and rapid access to information.

Given the large number of activities and organizations involved in maintenance tasks, it is vitally
important that administrative procedures be developed clearly defining the functions and responsibilities of
the different organizations and their members when requesting or performing tasks.

Since the start-up phase at Trillo Nuclear Power Plant, when these working procedures were
developed, the entire task management process, including issuing of the necessary Operations and
Radiological Protection work permits, has been undertaken by a central computer linked to all the different
plant organizations. The information from each of the participants is transmitted to the SIGMA program via
this network, the maintenance tasks being performed only when agreement has been reached and
documented in the weekly performance program.

The order of magnitude of the above may be appreciated from the Appendixes.

2.5 Correct Spares Management

Another fundamental aspect of maintenance management is a suitable materials and spares
management policy. At the same time as the scope of the maintenance tasks is defined and the components
are grouped on the basis of technical similarity, the spares to be included in the plant stores - and their
numbers- aredefined, such that delivery of materials or spares may be accomplished fora given component
within the framework of working documentation specifically issued for the component in question.

This process, along with the documentation-controlled movement of materials within the plant, makes
it possible to track the origin and destination of all the materials and spares used on site. As described above,
the number of movements involved has made it necessary to accomplish control by way of the computerized
media provided by SIGMA.

As has been pointed out above, acting in this programmed manner has meant an important advantage
as regards definition of the scope of storage of each different spare. Having knowledge a year before the
event of the equipment disassembly tasks to be performed means that the tendency to maintain levels of
stores for unforeseeable breakdowns may be admitted and that the materials to be used in scheduled
revisions may be specifically procured, thus avoiding unnecessary volumes of stored materials.

A final determining factor as regards achievement of the highest levels of effectiveness in maintenance
is the means available to the department for task performance. From the initial plant design phase, the means
required to facilitate maintenance tasks and equip the workshops with the necessary machinery and tools
were made available. Nevertheless, during plant start-up and the early stages of commercial operation
anomalies were detected, these having since been gradually corrected. Conceptually, all the materials used
for maintenance tasks - and at the same time subject to maintenance - have been given the same treatment
at our plant as any component installed in the process, either due to their being considered specific
components or an integral part of a plant component. Thus, maintenance of such materials is scheduled and
planned within the framework of the annual programs, associated spares are managed in the same way as
any other, and calibration is required to have the same characteristics of traceability as any other plant
instrument, with use assigned component by component. The objective underlying the above is to ensure
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correct availability of the material when use is required.

As has been pointed out above, one of the objectives of maintenance is to ensure that the different
missions are accomplished within a budget not placing too heavy a burden on the economic results of the
Association. At Trillo, the production results achieved over the three years of plant operation have been
affected by maintenance-related investments and costs as described below (See Appendix).
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DEVELOPMENT OF TRAINING PROGRAMMES FOR 4.2.1
MAINTENANCE PERSONNEL AT OLKILUOTO NUCLEAR POWER PLANT

by Eero PATRAKKA • Teollisuuden Voima Oy
FINLAND

• ABSTRACT •

Teollisuuden Voima Oy (Industrial Power Company Ltd., "TVO") owns and operates two BWR nuclear power
plant units, TVO I and TVO II, which were commissioned in 1978 and 1980, respectively. TVO's personnel
consists of approximately 510 employees who perform the following functions: operations, maintenance and
technical supervision (about 320), engineering and development, administration and financing.

The initial education and training of the staff was accomplished during the project phase. An especially
intensive training period was connected with the commissioning of the units. The knowledge and skills
acquired by both the operations and technical personnel during this time have been sustained until today.
This is especially valid for the maintenance personnel, the turnover of which has been very low.

Based on an analysis of training needs, new training programmes were recently developed for the initial and
continuing training of maintenance personnel. The training of this personnel is divided into three professional
sectors: mechanical technology, instrumentation and electrical technology. In addition, the personnel is
divided into three categories on the basis of their tasks and position:

1. managers and other engineers,
2. foremen,
3. vocational workers.

The initial training consists of the internal training given at the power plant and specialized training delivered,
e.g ., by manufacturers and service companies. The internal training may typically deal with the following
subjects: fundamentals of nuclear power technology, plant design and lay-out knowledge, courses related
to different plant systems, radiological protection, quality assurance, administrative instructions,
documentation, electronic data processing and management skills. In the continuing training, the emphasis
lies on the external training given by manufacturers and consultants, although the share of internal training
is increasing •
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1. INTRODUCTION

Teollisuuden Voima Oy (Industrial Power Company Ltd., «TVO») owns and operates two BWR nuclear
power plant units, TVO I and TVO II, in Olkiluoto on the western coast of Finland. Both units have a net
electrical power of 710 MW. TVO I was commissioned in 1978 and TVO II in 1980.

TVO's personnel consists of approximately 510 employees who perform the following functions:

- operations, maintenance and technical supervision (about 320)

- engineering and development

- administration and financing.

As TVO has no other power plants the figures given above refer solely to the staff needed for the
operation of TVO I and TVO II with the necessary personnel for technical and administrative support.

2. DEVELOPMENT OF TRAINING PROGRAMMES IN TVO

2.1 Systematic approach to training

The systematic approach to training defined, e.g., in some IAEA publications is the objective in the
development of training activities in TVO. A valuable tool in implementing these methods has been a training
manual that has been utilized since 1990. The terminology and phases included in the training system in TVO
are depicted in Figure 1.

A first step in all training efforts is the definition of position-related competence requirements. These
have been defined for all such positions that are involved in the operations and its supporting functions.
Position-related training programmes are defined for those positions that have certain requirements set by
the licensing authorities. This relates, in the first hand, to the operations staff. In addition, training
programmes have also been compiled for the maintenance personnel.

Individual training plans should be made for all employees entering the company or a new position
within TVO. The individual training plans are based upon the competence requirements of the actual position
and the background (basic education and experience) of the person in question. In those cases where a
position-related training programme is applied the individual plan may be directly derived from that
programme.

Due to the low turnover of personnel in TVO, there are many persons who have occupied their present
positions for a considerably long time, say 5 to 10 years or more. It is very important to find proper methods
to maintain and improve their competence, and to preserve their motivation. The establishment of suitable
individual continuing training programmes is one way in approaching this goal.

2.2 Internal training programmes

As shown in Figure 1, the design and implementation of training is divided in TVO into two separate
areas with different procedures: internal and external training. The responsibility for external training belongs
to each organization unit and its manager. The participation in external training is planned and arranged by
each organization unit itself.

TVO's own training organization, Training Office, is responsible for the compilation of annual training
programmes for internal training. The process that is depicted in Figure 2 starts each August when the
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Training Office sends inquiries to all organization units asking them to make proposals for the programme.
Such proposals are based on the training need assessments that the organization units perform in this
connection. The assessments take into consideration the requirements set by the relevant training
programmes and individual training plans. The final compilation of the annual training programme has
several phases. In brief, the aim is to coordinate the proposals in a way that optimizes the use of training
resources.

In accordance with the internal training programme, the internal courses are designed, developed
and implemented by the Training Office and other such organization units that are responsible for arranging
courses.

3. DESIGN OF THE TRAINING OF MAINTENANCE PERSONNEL

3.1 Past and recent developments

The initial education and training of the staff was accomplished during the project phase. An especially
intensive training period was connected with the commissioning of the units. The knowledge and skills
acquired by both the operations and technical personnel during this time have been sustained until today.
In addition to continuing training, this depends very much on the fact that the turnover of the staff has been
very low, typically 3% per annum. The high availability factors achieved by both units during the past ten
years could not have been possible without competent personnel.

Bearing in mind this background, it is no surprise that the launching of a systematic approach to
--maintenance training has been delayed until recent years. A few years ago, a general training assessment

was made in our maintenance organization. The assessment included both initial and continuing training,
although emphasis was put on the initial training. It was performed in cooperation between the Training Office
and all maintenance organizations.

As a natural outcome of the assessment, the initial and continuing training programmes described in
Sections 4 and 5 were produced. In addition, several new courses were invented, in particular, by the
representatives of the maintenance organization. This was deemed very valuable, because the new courses
addressed directly the needs of the maintenance personnel.

3.2 Present prac t ices

The design of maintenance training follows nowadays, more or less accurately, the procedure
described in Section 2 above. The various requirements, programmes and plans of the systematic approach
may appear quite confusing. This section therefore tries to summarize the design of training of the
maintenance personnel from a maintenance manager's point of view.

For each organization unit, the most crucial moment in the planning of training is the assessment of
training needs arising from two fundamental types of requirements: initial training and continuing training.
This assessment is performed each September by the responsible manager.

The need of initial training depends on the number and positions of new personnel, and on those
individuals who have entered a new position. Consequently, the needs may vary substantially from year to
year. In fact, so far only a few persons per year have belonged to this category in our maintenance
organization. As the contents of initial training are defined in the initial training programme, it is a rather
straightforward task to assess the annual requirements for initial training.
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The needs of continuing training are not as easy to define as those of initial training. In most
organization units, the design of continuing training is done by maintaining individual training plans. The
general frames given in these documents are interpreted on an annual basis and collected into a training
plan for the entire organization unit in question.

The continuation of the training design process is then twofold. InternaLtraining is taken care of by the
training office in a way described above. External training, on the other hand, is managed by the organization
unit itself.

4. INITIAL TRAINING PROGRAMMES FOR MAINTENANCE PERSONNEL

4.1 General

The initial training programme is derived from the position-related competence requirements. There
are about 50 different positions for the TVO maintenance personnel. As it would be very impractical to define
separate training programmes for each position, only one document has been compiled that presents the
training in a coordinated way for the entire maintenance staff.

The training programme document consists of three different parts:

- definition of training sectors and categories
- description of courses and other training events
- tables showing the training programmes for individual positions.

The objective has been to define single training modules that are then collected into training
programmes in various ways for different positions. This procedure minimizes the number of courses, which
is very important for the effective utilization of training resources.

4.2 Training sectors and categories

Traditionally, the maintenance personnel has been divided into the following professional groups that
also represent our training sectors:

- mechanical engineering
- instrumentation
- electrical engineering.

There are certain personnel which must be treated separately, as they do not belong to any of these
sectors, or belong to more than one sector.

The personnel is also divided into three categories in the following way:

category 1: manager of maintenance
section heads
other engineers

category 2: foremen
work planners
other technicians

category 3: craftsmen.
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This methodology locates each position in a matrix that is used in the training programme tables.

4.3 Courses and other training events

It should be emphasized that the maintenance personnel recruited by TVO have an extensive basic
education achieved e.g. in technical schools. Many of them also have practical experience of maintenance
from their previous career. Consequently, the initial training given by TVO is concentrated on the knowledge
and skills needed in TVO. These relate to two specific subjects:

- working in a nuclear power plant

- working with equipment installed in the TVO plant.

The courses and other training events included in the initial training of maintenance personnel may
be summarized as follows, as far as internal training conducted by TVO is concerned:

- familiarization

- basic nuclear technology

- TVO plant technology

- safety and protection

- administrative instructions

- data processing.

The individual courses are listed in Table I. Most of the courses in this table belong to such standard
courses that are used for the training of other personnel, too.

The internal training provided by TVO does not include technical maintenance specific courses. Such
training is achieved in external courses conducted by various training companies, equipmentmanufacturers
or service companies. The omission of this training from our internal programmes is based on the low number
of new maintenance personnel entering the company annually. It would be too expensive to arrange such
courses within TVO.

Another subject for external training are the management skills. Management training has, however,
also been given in internal courses in connection with certain projects.

4.4 Constitution of training programmes

As described in Fig. 1, the training programmes for individual positions are based on the relevant
competence requirements. These are presented in a tabular form. For each position, the courses are
assigned that are either compulsory or recommended. The internal training is presented explicitly. The
external training has not been shown in detail, only the topics have been mentioned. However, "qualified»
training organizations have been listed.

The differences between training programmes of various sectors and categories are quite obvious.
The tasks included in each position are taken into consideration, and so are the responsibilities of managers,
supervisors and foremen.
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5. CONTINUING TRAINING OF MAINTENANCE PERSONNEL

For more than ten years, the continuing training of operational personnel has followed certain fixed
procedures in TVO. It has been much more difficult to find proper systematic ways to conduct the continuing
training of maintenance personnel. Without such a systematism, it is impossible to increase the share of
internal training.

Until now, the continuing training of maintenance staff has mainly consisted of external training
supplemented with participation in internal courses and other events organized mainly for operations staff.
Quite recently, we have been able to commence two new courses (or series of courses) for the maintenance
personnel.

There will be annual training days for the maintenance personnel. These will contain topics that are
defined for each year on the basis of proposals. The intention is that the training is partly common to all
professional sectors and partly directed to specific sectors.

Anotherseries of courses is carried out under the title of plant systems knowledge. This includes about
20 lectures that address all important systems of the plant: reactor, turbine, generator, automation and
control, electrical systems and auxiliary systems. Special emphasis is put on the aspects that affect the
maintenance. These include the impact of component malfunctions in the plant operations as well as
requirements during shutdowns.

Our plant-specific full-scope training simulator has been utilized in connection with this course in order
to demonstrate how the different systems are operated from the control room desks.

The future will hopefully see an additional development in the training of our maintenance personnel.
In a small company, the resources are, of course, rather limited.

226 Part 6 • Session 4



Table I

INITIAL TRAINING OF MAINTENANCE PERSONNEL
LIST OF COURSES

FAMILIARIZATION

Basic familiarization
Radiation protection course (compulsory)

BASIC NUCLEAR TECHNOLOGY

Fundamentals of nuclear power technology - long course
Fundamentals of nuclear power technology - short course

TVO PLANT TECHNOLOGY

Plant design and lay-out knowledge
Reactor course
Turbine course
Electrical course
Instrumentation course
Auxiliary systems course
Technical specifications
Electrotechnical installation instructions
Quality assurance course
Quality thinking

SAFETY AND PROTECTION

Basics of fire protection
Basics of industrial safety
Basics of first aid
Basics of emergency procedures
Basics of physical protection
Emergency drills
Continuation to radiation protection course
Electrical work safety
User safety of liquids and gases

ADMINISTRATIVE INSTRUCTIONS

General administrative instructions
Administrative instructions for maintenance
Plant documentation

DATA PROCESSING

User-specific HW and SW courses
Maintenance-specific data systems
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Figure 1

SYSTEMATIC APPROACH TO TRAINING IN TVO
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Figure 2

DEVELOPMENT OF ANNUAL TRAINING PROGRAMME
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MAINTENANCE AND HUMAN FACTORS 4.2.2
IN FRENCH NUCLEAR POWER STATIONS

by Jean Claude CHEVALLON - Electricite de France
FRANCE

• ABSTRACT•

The TMI accident in1979 brought human factors to the forefront. It meant they were taken into account much
quicker in the analysis of events, operation of power stations and management of accident situations.

In the second half of the 1980s, when operation reached cruising speed, the centre of interest focussed on
maintenance activities. In 1989, two incidents linked to maintenance operations were much in the news. They
led to reflections on human factors in this field being intensified.

Detailed analysis resulted in a vast plan of action the aim of which was to remedy the weaknesses generally
apparent.

This plan of action concerns both those intervening within EDF and the contractors chosen, as there can be
no weak links in the maintenance chain.

The plan concerns:

• Organisations: The aim is to improve their performance and make them more motivating,
through clarification of responsibilities and powers, simplification of hierarchical lines, fixing of
precise and measurable objectives, but also a generalisation of activities and the constitution
of pluridisciplinary teams to reduce interfaces.

• Work methods and practices: Rigour is the objective. Firstly, the operational measures aim to
improve the quality of interventions, particularly by developing quality plans and rigorous
management of the specific measures used. Secondly, the detection of hidden faults which
may remain after an intervention should be made more efficient by strengthening technical
control, making general requalification tests and stopping at key points in the starting up
procedure.

• Professionalism: The aim is to develop professionalism by integrating culture. This means
adding to knowledge and professional experience by training in safety and quality adapted to
the activities carried out. To this is added behaviour stamped with method and rigour and which
includes a number of reflexes (self-testing, etc.).

• Contractors: Theplan allows fortheestablishmentofprotocolsclearlyspecifying the requirements
of the operator in the fields of quality, safety, security-radiation protection, extension of training
of those intervening to cover safety, quality and knowledge of the installations. It also provides
for the strengthening of qualification control of those intervening and monitoring of contractors
in the field of quality assurance.

The implementation of this vast programme in all French power stations began at the end of 1990 and
continues during 1991 and 1992.

As it aims to develop behaviour and affects cultural values, it cannot succeed without a strong and prolonged
educational action by the hierarchy; we must convince, make others adhere to our point of view and
motivate •
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1. SHORT SURVEY OF HOW THE HUMAN FACTOR HAS BEEN TAKEN INTO ACCOUNT
IN OPERATING NUCLEAR POWER STATIONS

The TMI accident in 1979 brought human factors to the forefront.

It meant they were taken into account much quicker in the operation of power stations, management
of accident situations and analysis of events.

In the second half of the 1980s, operations reached cruising speed, and this led to a considerable
change in interests.

In 1986, a few significant incidents occurred during maintenance and refuelling shutdown. They
brought out the sensitive nature of maintenance activities with regard to safety.

In the summer of 1989, two incidents linked to maintenance operations were much in the news and
they led to reflections on the human factor in maintenance of installations being intensified.

2. HOW THE HUMAN FACTOR HAS BEEN TAKEN INTO ACCOUNT IN MAINTENANCE

2.1 The events of summer 1989

In the summer of 1989, it was discovered that two power stations were affected by faults which had
remained undetected for several months and which would have had consequences in one case on the
protection of the primary circuit against overpressure and in the other case on air recycling in the reactor
building in the case of a serious accident.

These two incidents are the result of an incorrect reconfiguration of the systems concerned after
maintenance interventions. They are linked to the use of specific devices (plugs, plain screws) to place the
circuits in test configuration or to isolate them.

2.2 Analysis of the events

Due to their potential consequences and to the significant nature of the faults concerning quality
organisation and maintenance practices, analysis of these events was given to a human factors enquiry task
force.

This task force was made up of specialists in human factors and maintenance experts.

2.3 Main aspects of incident analysis

2.3.1 The basic reasons

Lack of rigour in the work methods and practices is the direct cause of the events. This lack of rigour
concerns in particular:

- management of specific devices used to place the circuits in test configuration or isolate them
during unit shutdown,

- technical controls,

- checks and testing before restarting.
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2.3.2 Weaknesses in organisation

The weaknesses brought out concern:

- insufficient clarification of the tasks and responsibilities of each, linked in part to the excessive
number of hierarchical levels,

- over-division of activities and too many persons involved,

- insufficient integration of safety into maintenance activities,

- Insufficient planning and coordination of activities.

2.3.3 Explanatory factors and general considerations

A number of cultural or organisational factors explain the weaknesses noted.

- Technical control causes defiance and is often considered to be rarely of use (few faults detected)
in a context where time counts very much.

- The institutional doctrine and regulation of safety and quality sometimes appear out of step with
respect to the idea employees have of their work (work values).

- The level of requirements and sometimes the -complexification- of the doctrine and regulation rise
faster than they can be put into practice.

- The doctrines and keywords are sometimes difficult to put into practice.

- Safety of maintenance culture is different from operating culture as the jobs are different.

- Experience feedback is not as efficient as it should be, for a number of reasons. For example, we
are not necessarily affected by the experience of others (it happened to them - but we don't work
like that).

2.3.4 Positive points

Several positive points result from the general analysis, in particular:

- the -spectacular- incidents should not hide a basic trend which is progressing, as shown in the
fall in significant incidents (all other things being equal), a fall in human faults and greater
transparency;

- there is a safety and quality culture in the field which has developed through daily reflection on the
basis of safety doctrines;

- professionalism is an interesting approach to develop.

3. THE PLAN FOR IMPROVING OPERATING SAFETY

3.1 Elaboration • Implementation

Following this mission, a working group was asked to establish a plan of action the objective of which
was to remedy the weaknesses noted and more generally to contribute to reducing the probability of serious
accident by reducing the number of incidents.

The programme of action proposed by the working group included short-term compensatory
measures and in-depth action to improve the organisation, work methods and practices, the safety culture
of those involved, individual and collective behaviour.
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The programme concerned both those intervening within EDF and the outside contractors.

On the basis of this programme, each nuclear site prepared its own plan of action to take account of
its own specific nature.

Their implementation should be completed by the end of 1992.

3.2 Content of the plan of action

3.2.1 Compensatory measures

These measures aim to remedy the basic causes of the incidents noted. They concern work methods.

They relate in particular to:

- the implementation of rigorous management of all the devices and specific means used during unit
shutdown,

- the elaboration and implementation of requalification or so-called functional tests to ensure the
operability of safeguard systems,

- the systematic creation of a restarting commission, meeting at all the key stages in the restarting
so as to ensure safety requirements are respected,

- improvement of the quality of intervention documents used for safeguard systems and reactor
protection systems.

3.2.2 Plan of action

The following in-depth actions need to be taken up by those involved:

>«• ORGANISATIONS

The objective is to make the organisations more efficient, more worthwhile and more stimulating.

With this aim, the following principles should be put into practice:

- powers and responsibilities should be clarified;

- the number of hierarchical levels should be reduced so as to simplify the decision-making circuits;

- activities should be grouped so as to avoid the division of tasks;

- multidiscipiinary teams should be set up to reduce interfaces and manage interactions between
specialised fields better;

- the definition of precise and measurable objectives for coherent work teams should be made
general.
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To these measures-should be added structural ones such as:

- the implementation of a permanent shutdown structure, responsible for coordinating shutdown
preparation, implementation and feedback,

the strengthening of the technical services which provide technical support for the operating staff.

«• WORK METHODS AND PRACTICES

These measures concern:

- Improvement of control

With reference to the regulations (1984 quality directive), these control activities are carried out on
various levels and in different ways with regard to important activities in the field of safety.

Activities in this field involve:

- clarifying the various concepts of control and drawing lessons in terms of work methods and
practices,

- preparing quality plans for each intervention,

- indicating the tasks and responsibilities of the work inspectors,

- developing the training of inspectors,

- strengthening the external inspections for operators responsible for carrying out interventions,

- for the maintenance activities which are most important for safety (for example the maintenance
of safeguard circuits), implementing a so-called safety-quality method. This method aims to control
all interventions carried out on a particular component or system and their interfaces, up to the
^introduction of the com ponentor system. This is a collective task which involves all specialisations
in a common analysis carried out under the responsibility of a single coordinator, the «charg6
d'affaires-.

This involves in particular an analysis of risks linked to interventions and the definition of measures
to control these risks. Following up the implementation of these measures and their efficiency is
the task of the «charg6d'affaires».

-> THE PROFESSIONAL ISM OF THOSE INVOL VED

The objective sought is to develop the professionalism of those involved by introducing safety culture.
This requires knowledge and professional experience to be completed by safety and quality training in
relation to maintenance activities. Training should also allow the promotion of rigorous and methodical
behaviour, including reflexes such as self-checking.

With this aim, the following have been developed:
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- basic safety and quality training common to the various maintenance tasks and practical training
for each job,

- socio-professional training,

- general training to raise the cultural level.

•«•• OUTSIDE COMPANIES

Maintenance during unit shutdown is provided by EDF personnel and by outside companies. To
guarantee a correct level of quality and safety in interventions, it is necessary for there to be the same
requirements for EDF personnel and for the outside companies in the area of dos'imetric qualification and
protection.

The measures taken to achieve these objectives are as follows:

With regard to the companies: the protocol

The requirements and commitments by EDF with regard to outside companies are set out in protocols.
These protocols are negotiated and signed with the companies working on equipment which is important
from a safety point of view. They also apply to any sub-contractors of these companies.

With regard to the individual: the passport

The passport or habilitation book states for all those involved the reciprocal commitment protocol

between EDF and the company.

The passport contains three types of information:

- identification of the person and their general training in the field of quality-safety and security,

- their professional training and habilitation (this section is the property of the employer),
- the operational dosimetry.

These measures are accompanied bv

- strengthening of inspection of outside companies in the area of quality organisation,

- checking of knowledge of those intervening in the fields of safety-quality and security-radiation
protection,

- introduction of one week safety training for personnel of outside companies (completed on
01.07.1993).

IMPLEMENTATION

The implementation of a programme of such size which aims develop practices and behaviour and
affects cultural values requires a strong commitment by management and a high level of involvement by the
hierarchy to explain, convince and obtain the observance of personnel. It also needs time for the personnel
to become familiar with it and put it into practice.

At the end of 1991, 75 %of the programme was being applied. It should be completed by the end of
1992.
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CONCLUSION

The future of nuclear energy depends on the capacity of operators to provide safe and economic
operation of generating installations.

The PWR units have alternating periods of generation and shutdown for fuel renewal and maintenance
of the installations.

The challenges linked to these maintenance operations are considerable:

- In the safety field, firstly, the objective of maintenance is to guarantee the correct operation of
equipment. But the conditions for carrying out maintenance operations themselves create risks
which need to be controlled. The probabilistic safety studies have shown that shutdown situations
contribute to a large extent to the risks of core melt; the incidents mentioned above have
demonstrated that although the quality of interventions and the efficiency of controls are
insufficient, maintenance operations can be a source of undetected hidden faults.

- In the field of security and radiation protection, maintenance shutdown is the main source of
received doses for operating personnel (EDF employees and intervening contractors).

- Finally, in the field of economy, controlling maintenance and shutdown costs is a decisive aspect
of economic competitiveness for nuclear energy.

The plan of action we have just described aims to improve operating safety. In so far as its actions
concern the efficiency of organisations, the rigour of work methods and practices and the development of
professionalism of those involved, it must allow an increase in the general control of maintenance operations
and thus contribute to reaching the objectives mentioned above: safety, security-radiation protection,
economic competitiveness.
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HIGH STANDARD OF TRAINING IN MAINTENANCE 4.2.3
BASIS FOR SAFE POWER PLANT OPERATION

by Wilhelm RINGEIS • RWE Energie AG
GERMANY

• ABSTRACT •

Operators of nuclear power stations are intent on running their plants safety and efficiently, i.e. with high
availability. These goals are achieved if both damage and human error are reduced to an absolute minimum.
Humans and technical equipment jointly contribute to the "safety culture" of a plant. The effectiveness with
which the working people monitor and maintain the "nuclear power station" system has an immediate impact
on the frequency of damage and human error.

Damage can be avoided by optimising the power plant; optimisation comprises the design, manufacture and
maintenance of systems/components. Maintenance errors can be avoided by high reliability and quality in
performing monitoring and maintenance tasks.

How reliable people are in performing their functions depends on the one hand on their qualification to
perform their tasks and on the other hand on the conditions of the respective working situation. The
qualifications of personnel are ensured by training as well as exchange of experience.The lecture will cover
the qualification programmes and measures carried out by RWE Energie AG. A practical example for
maintenance/backfitting will be used to demonstrate how the maintenance and operating personnel is

"trained to perform their tasks.

The high standard of reliability of the operating personnel and the technical equipment can only be achieved,
however, if the working environment, i.e. above all ergonomics and work organisation, are in keeping with
this standard. The measures taken by RWE Energie AG under its "Human Factor Programme" will also be
briefly described in the lecture, and present experience wil be covered as well •
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RWE Energie AG presents training measures and human error management in the area of maintenance
and operator control of its nuclear power stations.

Three maintenance activities are distinguished which are basically carried out by the following four
operations: establishing demand, job planning, job performance, final function test.

Two examples are used to demonstrate how knowledge is imparted to the employees about individual
systems and their interaction in the operation of the overall plant. The training of the maintenance personnel
is structured in terms of ergonomic findings. Remarkable about the situation in the Federal Republic of
Germany is that the prevocational school education of the employees is taken into account.

At RWE, it is for the managerial staff to implement safety principles. Initial training and requalification
measures are discussed. The human error management is decisively determined by the RWE-specific
human-factors (HF) network. The HF activities are predominantly triggered by error source on operator
controls and by organisational/administrative procedures. Specially trained engineers, so-called optimisation
coordinators, are available at RWE for this task.

1. MAINTENANCE ACTIVITIES

The word -maintenance" is often and easily misunderstood: it does not come from «main» = chief,
principal etc., but from Latin -manus- - hand. "Tenance" is found in the word «tenacious* = grasping firmly.
Hence, maintenance is no prime corporate task but manual work in the plant. So much on philosophy:
maintenance is a service trade keeping the plant together.

This function is nonetheless demanding because the availability and safety of the plant is always at
stake.

Our operating system distinguishes three basic activities in maintenance:

. Inspection (in-service inspections)
The so-called in-service inspections form a tight network covering all the systems from instrumentation
and control right down to the mechanical components. All technical organisational units are
involved.

. Maintenance (check patrols)
The systematic check patrols of the shift crew record optically and acoustically perceptible
irregularities.

. Repair
Repair work is either carried out by the plant's own employees or by external personnel on a case-
by-case basis depending on the scale of activities.

The standard outage overhauls regularly associated with refuelling comprise all three maintenance
activities and are predominantly performed by external staff for capacity-related reasons.

All maintenance activities are structured in four stages:

- Establishing demand (determining the necessity for a measure)

- Job planning (plant-related planning and work scheduling)
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- Job performance (execution of work)

- Final function test (return to service)

These functions are taken care of by the corresponding organisational units. The responsibilities,
however procedures and clearances are laid down in organisation charts.

The organisation of the technical area in the nuclear power stations is described in fig. 1. The activities
mentioned here relate to the central departments "engineering" and "maintenance", which are separate at
RWE Energie AG. "Operations" is exclusively responsible for running the plant, and "surveillance" is in
charge of e.g. emissions as well as physical and chemical monitoring of the circuits.

2. IMPARTING KNOWLEDGE THROUGH TRAINING

The importance of staff training is going to be demonstrated now by examples of standard outage
overhaul and repair, respectively. The essential role played by radiation protection is to be pointed out in this
context. Concrete information on manpower requirements, costs and individual dose are given following the
examples.

Two important directives of the Federal Minister for the Environment, nature conservation and reactor
safety, form the basis of training :

a) Directive on the proof of qualification of nuclear power plant personnel
b) Directive on ensuring the required knowledge of other persons involved in the operation of nuclear

power plants.

The minimum knowledge requirements in terms of initial training and requalification training are laid
down in these directives.

1st example: standard job

The opening and closing-of a manhole cover on the steam generator is one overhaul outage job. This
task is defined in the standard catalogue to provide for the case that access is required to the primary
chamber of the steam generator. Until 1982, the steam generator manholes were opened and closed
manually. The manpower requirements for the opening and closing operation totalled approx. 48 Mh per
manhole and led to a collective dose of 20 mSv. In orderto enhance reliability as well as to reduce manhours
and radiation dose, RWE decided to perform this operation mechanically and has been using a corresponding
device as represented in fig. 2 since 1983.

This device consists of:

- a chain hoist system fastened to the mounting on the steam generator;

- the stud tensioner;

- an equipment carriage for tools;

- a hydraulic station with a high-pressure hose connection to the tensioner.

The staff to be deployed must be able to master both the equipment and the actual job.

The instructor has available the complete job schedule. A mock-up of the -manhole cover»
component and the required equipment are kept available in the plant. The employees to be deployed are
recruited from the permanent skeleton staff. The training takes place in the plant outside the controlled area.
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The purpose and importance of the respective measures are explained in theiirsltraining phase. This
is followed by a detailed description and the explanation of the working steps and the required equipment.
A sequence of seven job operations must be taught in the case at hand. This training phase serves to give
orientation on the job content and the job conditions.

The job operations are demonstrated in detail in the second training phase. The instructor gives a
concrete demonstration of the required working steps. This is where actual practising starts. The training
participants perform the job operations together. In doing so, procedural and handling errors or quality
defects are addressed and discussed spontaneously. In this phase, the task of the instructor is in particular
to stimulate the participants' initiative and activity as well as to encourage them to critically examine the
respective job operations. Necessary changes are then discussed with the technical divisions responsible
This results in optimised engineering and procedures as well as in minimised job duration.

The same job operations are now practised in the third phase in their proposed timeframe. In the
present case, this means: minimised duration of the individual activities and the entire execution. The training
is regarded as successfully completed if man and machine have been harmonised. As a result, the job
duration of -opening and closing a manhole cover on the steam generator can be limited to about 20 to
25 minutes.

Individual participants who do not fall into the ordinary framework receive additional instruction help
mainly based on the laws of the -Carpenter Effect», known, for instance, from mental training. They do not
receive job clearance for the respective activity until the training objective has been reached.

This type of training ensures that the participants know both the system element -manhole- and the
technical context together with the cognitive and manual requirements of the activity.

Jobs of this type are regularly carried out by internal staff only. The comprehensive vocational skill
training of the participants and several years of operating experience is therefore taken as a basis. Since the
opening and closing of manhole covers is performed at longer intervals only, however, the training described
is practised before each execution, if necessary.

Such a job operation was carried out during the last overhaul outage, for example. The opening and
closing times aimed at were achieved. The use of the device reduced the manpower requirements for the
opening and closing of a manhole to 12 Mh, and the resulting collective dose amounted to approx. 10 mSv.
The use of the device therefore reduced the manpower requirements by a factor of 4 and the collective dose
by a factor of 2.

2nd example: special job

The second example does not relate to a routine case but to an individual job operation requiring a
special problem solution. This involves the exchange of fuel alignment pins in the reactor pressure vessel.
The following describes the training of external staff deployed for major repair operations. In such a case,
the job order is placed with a qualified contractor, whose employees have to be prepared for the activities
through training prior to starting the work. The equipment, training material and the employees come from
the contractor carrying out the work. The training is part of the order here.

The reason for the replacement was the rupture of alignment pins in various power stations as a result
of intercrystalline stress corrosion cracking. Fig. 3 shows such a fuel alignment pin from Inconel X 750.
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Until the end of-1989, a total of about 80 pin ruptures was identified in German pressurised-water
reactor plants. They occurred in the upper area between collar edge and nut thread.

The fuel alignment pins of the internals of the reactor pressure vessel (fig. 4) serve to fix the radial
position of the fuel assemblies by engaging the corresponding drill holes of the top and bottom fittings in the
reactor core. During operation, the fuel assemblies are axially held in place by hold down springs between
the top fitting of the fuel assembly and the upper grid plate.

A qualified and experienced company was contracted for the repair work. The required training had
to be elaborated by the contractor. The actual training was preceded by extensive design and development
work as well as feasibility tests. At the end of the entire planning and manufacturing phase, comprehensive
job schedules, special remote-controlled underwater manipulators and electronic monitoring systems were
available as equipment.

The basic training focused on the general procedures as well as on all the individual working steps
using the newly-developed equipment. A special training stage comprised the identification and remediation
of "troubles and faults-*. The training was concluded with the definition of operating instructions and
procedural programmes. Ittook altogether 3 weeks, during which 4 teams were trained. The teams consisted
of people with several years of experience in -nuclear power plant service- and in the design and
manufacture of "reactor vessel internals". The training equipment was set up on the company's own premises
in a trial water tank. The actual training procedures corresponding to the aforementioned rules applied by
RWE Energie AG. The training objective was regarded as achieved with a daily stint of 4 alignment pins under
reactor conditions.

This could also be achieved under actual conditions.

A refresher training of between 2 and 5 days is carried out along the lines of the basic training prior
to each-actual job execution.

In addition, the contractor personnel is permanently supervised and supported on site by internal staff.
These employees are prepared for the supervision of contractor personnel in special training courses.

The testing and replacement device was first used in unit A in the Biblis nuclear power station in 1989.
22 fuel alignment pins identified as ruptured were replaced in 8 days. The cumulative dose for the first use
amounted to approx. 33 mSv including the ultrasonic inspection at a manpower level in the controlled area
of about 3,000 manhours.

Both examples point to a special feature worthy of being noted. The staff carrying out the work are not
entry-level employees. On the one hand, they have undergone several years of training either as engineers
or as mechanics or skilled workers trained according to German standards, and, on the other hand, have
acquired reliable plant knowledge through their job experience.

Both examples also show, however, that the training didactics are developed on the basis of
ergonomic findings.

The first step normally consists in imparting the job content and conditions for basic orientation. The
handling of equipment and components is demonstrated and explained in a second step. The third step
centers on practising the working steps, which are finally evaluated in a fourth step taking the time targets
into account. This applies equally to internal and external staff.
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3. ACQUIRING UNDERSTANDING OF SAFETY PRINCIPLES

At RWE, the enforcement of the safety principles is clearly a function of disciplinary leadership. This
means that the superiors are responsible for their employees at all levels within a reasonable scope of
supervision. The employees have to be sensitised on an ongoing basis for safety aspects through instruction,
information, supervision and motivation.

The employees are encouraged and enabled in regular special group training sessions to openly
discuss human error and potential causes of human error with their superiors and to develop practicable
prevention strategies. This programme is entitled as follows: «The worst error is to keep silent about errors
and error sources!*. These training sessions cover all system areas. The interfaces between the system
areas are given particular attention in this context. In so doing, the employees do not only become aware
of the relationships between the individual components and the plant behaviour, but also of the effects of
their own errors.

4. MAINTAINING THE SAFETY CULTURE

RWE considers the safety culture to be not a question of more or less nicely worded appeals and
commitments. It is rather up to the management to support the safety culture and to actually implement it
anew every day. Our experience has taught us that the call for care, reliability and professionalism by means
of posters, daily mottos or campaigns only distracts the attention from the objective proper.

Practical safety training, the practice of job rotation, simulation training or group-dynamic team
trakwtg sessions ensure amongst other things the high standard of our maintenance work. RWE places the
emphasis more on quality of planning and performance than on QA checks, once the work has been finished.
This approach reduces subsequent corrections to a minimum. However, such a high standard of quality
requires a significant input of manpower. This explains, for instance, that a work volume of about 130,000
man-hours (Mh) and approx. 600 external staff for the maintenance area are required for a standard overhaul
outage as part of a periodic refuelling in a boiling water reactor. About 7,000 hours of planning in terms of
maintenance scheduling are required for such an overhaul outage. On the peak-level day, a total of about
990 external staff are in the plant. The individual dose could nevertheless be limited to an average of 410

per person. The average total outage dose amounts to 600 mSv.

In spite of the excellent track record of this approach, our quality-oriented operational management
does not result in general trust among the public in our plants. Despite the high standard of safety, public
acceptance of nuclear power stations has reached an all-time low. The publication of further details on our
QA measures does not produce any positive effect among the public, but rather adds to the uncertainty in
the current environment and therefore appears to be problematic.

Even conventional measures are increasingly interpreted as risk signals. We owe the objectively
excellent safety standard, which is high in comparison with other industries, primarily to the commitment of
dedication of our executive staff in day-to-day operation and not to any forceful campaigns.

A decisive contribution to safety in maintenance may, however, be expected from the work and
methodology of our human-factor network.

5. HUMAN FACTORS: ANALYSIS OF HUMAN ERROR

The particular profile of our human-factor work consists in the case-related investigation of actual
events and indications of human-error potential at the man-machine interface. The HF work in the RWE power
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stations gives equal attention to the areas of operation and maintenance. As you know, the man-machine
interface makes no distinction between operating and maintenance personnel. This distinguishes us from
many other organisations, positioning HF either in planning or general quality assurance.

In organisational terms, this function area is designed as a network. An engineer with basic ergonomic
training is available in each power station to investigate and clarify events and reported human error
potential. He gives a report, including a proposal for remedial action, to the head of operations and in parallel
to the specialised HF group in the head office. This activity is regarded as complete when the plant
management has received the report. In his power station, the HF employee is involved in an advisory
capacity in the implementation of the proposed remedial action.

Two typical cases of HF analysis are on the one hand :

- organisational / administrative human error causes

and on the other hand

- human error causes on operator control elements, designations and working material

For instance, a number of instabilities in the procedural routines of isolation and shift turnover were
analysed in the last two years. The causes could be identified, specified and remedied. The layout of forms,
the specification of tasks, the structure of checks or the wording of verbal or written communications about
the implementation of optimisation measures are HF-typical and important contributions to safety. They are
well accepted in the plant, and can in most cases be quickly translated into practice.

In the last two years, however, the emphasis was placed on the analysis of human error causes in
connection with operator control elements, designations and working material.

The analysis reveals both technical and design-related weaknesses as well as training and instruction
deficits. The corresponding remedial action can obviously only be taken in close and hence time-consuming
cooperation among the specialised departments concerned. In this context, a key area of HF work is the
reliable and convincing presentation of human perception, sensorimotor conditions and of the limits of
instruction and training measures. This must then serve as a basis for re-designing the plant component
concerned. In so far as an alteration needs regulatory approval, the HF analysis is incorporated in the
application and the licensing procedure.

However, the psychological effect on employees and executive staff must not be underestimated in
all these concrete endeavours. Just the activity and the attention and interest attracted by the HF engineer
are encouraging enough to topicalise and raise even insignificant safety gaps.

Of course, such effects cannot easily be quantified. RWB is convinced, however, that the institution
of HF engineers on site has become an important pillar of the safety culture.
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1 Closed manhole
2 Hoist mounting
3 Hoist
3.1 Running rail
3.2 Chain - driven hoist
3.3 Chain
3.4 Lock
3.5 Adjustment
3.6 Positioning bolt
4 Travelling stud

tensioner

fig. 2 Schematic diagram of the opening and dosing
device for the steam generator manhoie cover
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ONTARIO HYDRO STRATEGIES FOR AGING REACTORS 4.3.1

by Elgin P. HORTON - Ontario Hydro
CANADA

• ABSTRACT•

Ontario Hydro has 17 Candu nuclear units in service and 3 units in the final stages of construction with a total
gross capacity of 15,344 MW. In 1990, 43.5% of Ontario's electricity demand was supplied by nuclear
generation. In addition to Ontario Hydro's reactors, there are two 680 MW Candu units in the provinces of
Quebec and New Brunswick. Early performance of all Canadian reactors has been excellent, but some of
Ontario Hydro's oldest units, at Pickering and Bruce "A" nuclear generating stations, have experienced a
significant performance decline in the second decadeof their service. At the end of 1990, the average lifetime
gross capability factor for all Ontario Hydro units was 76.4% compared with Ontario Hydro's 40 year lifetime
target of 80%. The performance of Ontario Hydro's older units must be improved and programs implemented
to ensure continued excellent performance of our newer units.

A major factor in reduced capability of the older units is the requirement for fuel channel inspection,
maintenance and modification programs. While replacing pressure tubes once during the 40 year life was
planned, there has been a need for earlier unanticipated retubing and other pressure tube maintenance.
Three Pickering "A" units have now been successfully retubed, but at considerable cost and loss of
production. Experience has enabled us to reduce the duration of each retubing. It took approximately 5 years
to retube the first Pickering reactor, four years for the second and only two years for the third. The fourth
reactor is now in a retubing outage planned for 19 months.

Recent performance of the older units has also suffered as a result of outages to backfit safety and regulatory
related design changes. Inadequate attention to long term maintenance strategy in early plant life and
insufficient resources to complete preventive maintenance programs has further increased the incapability
of our units.

Programs are now in place to restore the performance of the older units and to prevent performance
deterioration of the newer units. Initiatives taken include major rehabilitation programs, improved long term
maintenance strategies, a formal nuclear plant life assurance program and the use of improved tools such
as probabilistic safety analysis to guide surveillance and maintenance/modification programs. These
programs are being implemented under a quality improvement process, which in a major change in
approach, aims at achieving quality and higher productivity through much increased involvement of
employees and their unions •
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Ontario Hydro has 17 CANDU nuclear units in service and 3 in the final stages of construction with a
total gross capacity of 15,344 MW.

In 1991,52.5% of Ontario's electricity generation was supplied from nuclear units. In addition, there
are two 680 MW Candu units in the provinces of Quebec and New Brunswick. Early performance of all
Canadian reactors has been excellent, but some of Ontario Hydro's oldest units have experienced a
significant performance decline in the second decade of their service. At the end of 1991, the average
lifetime gross capacity factor for all Ontario Hydro units was 75.6% compared with a target of 80%.

A major factor in reduced capability of the older units is the requirement for fuel channel inspection,
maintenance and modification programs. While replacing pressure tubes once during the 40 year life was
planned, there has been a need for earlier unanticipated retubing and other pressure tube maintenance.
Three Pickering A units have nowbeen successfully retubed, but at considerable cost and loss of production.

Recent performance of the older units has also suffered as a result of outages to backfit safety and
regulatory related design changes. Inadequate attention to long term maintenance strategy in early plant
life and insufficient resources to complete preventative maintenance programs has further increased the
incapability of our units.

The performance of Ontario Hydro's older units must be improved and programs implemented to
ensure continued excellent performance of our newer units. Initiatives taken include major rehabilitation
programs, improved long term maintenance strategies, and a formal nuclear plant life assurance program.
These programs are being implemented under a Quality Improvement Process, which aims at achieving
quality and higher productivity through much increased involvement of employees and their Unions.

Ontario Hydro is a corporation created by statute of the provincial government of Ontario in 1906 to
supply electricity at cost while maintaining high standards of service. Present installed capacity is 31,000
MW and, in terms of billing accounts, over 3.6 million customers were served in 1991.

Production of electricity is heavily dependent on nuclear facilities. Approximately one-half of the 135
TWh generated in 1991 by Ontario Hydro, came from base loaded nuclear plants. The remaining generation
is split between base loaded hydraulic plants and fossil fired units which meet the requirements of load
following.

Ontario Hydro's nuclear electric generating experience extends over 30 years, from when the 22 MW
Nuclear Power Demonstration unit (NPD) was commissioned in 1962. NPD and the subsequent 200 MW
Douglas Point prototype unit are now out of service. Currently in service are 17 nuclear units:

- Four 540 MW Pickering A units which are about 14 years old

- Four 825 MW Bruce A units which are about 14 years old

- Four 540 MW Pickering B units and four 915 MW Bruce B units which are about 8 years old

- One 935 MW new unit at Darlington

Three additional Darlington units are being commissioned. All units are located in southern Ontario
within 250 km of the city of Toronto.

There are two other CANDU units operated by other Canadian utilities. Gentilly 2 is located in the
province of Quebec and Point Lepreau is in the province of New Brunswick.

As the older Ontario Hydro reactors enter the second half of their 40-year planned life, it is evident that
major initiatives are required to restore their performance to the world class levels they have demonstrated
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in the past. Improved programs are also needed to ensure that the current excellent performance of younger
reactors continues over their lifetime.

Performance Decline

In the early years of operation, Ontario Hydro units achieved significantly higher capacity factors than
those of light water reactors. As shown in Figure 1, Ontario Hydro units were generally in excess of 80%
capacity factor while the world average for BWRs and PWRs was around 60%. In 1981, Ontario Hydro units
took the top six places in the world ranking of units 500 MW or larger. In the years up to 1983, at least half
of the eight units were consistently in the world top 10%.

1983 marked the beginning of a decline that was initiated by the failure of a pressure tube in a reactor
at Pickering A. A major program had to be initiated to replace the 390 fuel channel pressure tubes in each
Pickering A reactor. Subsequently, extensive outages at other stations were taken for inspection and
maintenance of pressure tubes.

Meanwhile, the rest of the world was showing steady improvement, and by 1990 the Ontario Hydro
nuclear capacity factorof 62.4% was nearly 7% below world average. 1991 performance recovered to nearly
66.4% but that is still well below the world average of 71%, and far below the long-term goal of 80%.

As shown in Figure 2, the newer stations at Pickering and Bruce, which are known as the «B» stations,
have been performing better than their «A» partners at the same point in their history. This advantage is
primarily due to improvements in design, materials, operations, and as a result of lessons transferred from
our older units. For example, we do not expect to replace the fuel channels on our newer units before their
26th year of service. This need to replace the fuel channels once in the reactor's 40-year life was recognized
during the original design, but the need to retube the first Pickering A unit in 1983 came earlier than expected,
without optimum planning and resources being initially in place. This unexpected major program seriously
impaired our ability to maintain the other units and to effectively handle backfits and aging related
modifications.

While the decline in performance started with the 1983 pressure tube failure, there were other
underlying causes for the overall performance decline.

During the 1980's, a number of factors severely hampered Ontario Hydro's ability to meet the
requirements for good operations. Fiscal restraint during an economic recession resulted in corporate hiring
restrictions at a time when the number of nuclear units in operation was being doubled. Staffing levels did
not grow fast enough to meet the corresponding increase in operations, maintenance and support service
requirements. Utilization of existing staff was less than optimum. However, through the early 1980's
performance in production and other key result areas remained consistently high and was seen as an
indication that all was well with existing resources. This brings in another cause component — the feeling
of complacency that tends to exist in an organization when all appears to be well. A complacent organization
is not likely to recognize early signs of problems, and when the situation becomes obvious, it is very difficult
and time consuming to make needed corrections.

Recognizing these causes and the development of strategies for their resolution is an essential
prerequisite for performance recovery and the pursuit of long-term excellence.

Improvement Objectives

While the performance of the older units was declining, the generally accepted standards in all areas
of operation, maintenance, and training were steadily rising. The need for more corrective maintenance,
backfits and aging-related problems increased at a faster rate than anticipated. This resulted in widening
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performance gaps which, in turn, led to preventative maintenance being delayed, outage management
techniques notfollowing world practice, failure to keep all documentation up-to-date, backlogs in equipment
modifications and, consequently, declining capability factors.

An example of the gap between desired and actual performance is in the area of outage effectiveness.
A well thought out and directed maintenance program should have a strategy.for ensuring planned outages
are used effectively. There should be a controlled relationship between planned and unplanned outages.
Figure 3 shows planned incapability factor plotted against forced and maintenance incapability. The target
area represents total incapability of 20% or less, and unplanned outage incapability not exceeding two-thirds
of planned outage incapability. Even during the early 1980s when capability was well above 80%, target
ratios were not achieved. Since 1983, the program has remained well outside the target area. Programs
to move performance toward the target area have initially resulted in increased incapability as the amount
of preventative maintenance during planned outages has been increased.

In 1989 and 1990, extensive evaluations of all aspects of the nuclear operations program were
undertaken. The evaluations relied heavily on the results of an internal peer evaluation program which was
patterned on the INPO evaluation process. These evaluations were necessary for the development of a
strategy for performance recovery, and to set up the initial improvement initiatives. Twenty-two areas were
identified where significant improvements were needed. Further analysis narrowed the number to six areas
that were given the highest priority for improvement in 1991. These were nuclear safety, employee safety,
chemistry control, outage management, electrical production, and cost control.

Identifying these high priority areas was an important part of an overall plan that defines future
direction. The initial objective was to demonstrate improvement in the six priority areas. This goal was met
in 1991. More specific comments follow in the section on Initial Results.

The second objective is to reach fully acceptable industry standards in the six priority improvement
areas by 1993.

The third objective is to achieve sustained general excellence in performance by 1995.

Improvement Methods

Over the past 5 years there have been significant resource increases, including a 40% increase in
staffing. Resources still remain well below U.S. average, and it was recognized that a significant change in
quality culture was also required to meet established objectives.

A major, people-oriented, Quality Improvement Process was initiated. A number of similar quality
programs are underway across other areas of the Corporation and represent the largest cultural change
effort in our company's history. The long-term objective is to achieve and sustain excellence in operation,
maintenance, and support of our nuclear facilities. This goal will require the involvement, commitment, and
contribution from all levels of employees, and the full support of their unions. A review of success factors in
other nuclear utilities, as well as internal peer evaluations, indicated that involvement of staff was a key
element in driving sustained improvement.

Involvement is initiated through the concept of improvement teams. Teams include representatives
from various levels of management, supervisory, and front-line personnel. Union representatives are
selected by the unions. These teams are the heart of the Quality Improvement Process. To date,
approximately 100 teams have been formed, trained, and put into operation to make recommendations in
key performance areas. This process has made a dramatic improvement in employee/union/management
relationships.
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A second action was to reorganize the nuclear operations function to provide more dedicated and
visible corporate support. The new organization includes a division dedicated to support line management
efforts in the Quality Improvement Process and other quality-related areas. Particular attention is being given
to changes at all levels which will improve ownership and accountability for work programs.

A third initiative is to increase the emphasis on strategic planning as a tool for the development of
performance improvement programs. Strategic planning supports an orderly process from the statement
of an overall goal through the definition of planned results to the development of specific programs. This
process has been applied to a number of areas, including an overall maintenance strategy for the nuclear
facilities. Starting with a goal — to ensure the nuclear units meet their long-term production targets safely,
and at an acceptable cost — twenty-eight specific programs have been developed covering areas of
resource management, human performance, equipment performance, and outage management.

Technical Challenges

In addition to general improvements in overall quality of operations and maintenance, a number of
specific technical issues are being addressed.

As noted earlier, the fuel channel replacement program at Pickering A had to be started earlier than
expected but three units have now been successfully retubed and the fourth is underway. The first two units
at Bruce A are scheduled for retubing during the 1990's. There has also been a significant increase in fuel
channel component inspections and adjustments to achieve maximum fuel channel life on the newer units.

Concern for steam generator performance has increased in the past 2 years after many years of
excellent performance. Mechanical cleaning has been successfully applied in the removal of deposits from
boiler support plates of two Bruce A units. A chemical cleaning process is planned for further deposit
removal. A number of steam generator tube problems have appeared recently, including some tube leaks
due to stress corrosion cracking in Inconel 600 tubes. An overall steam generator strategy to address a
variety of concerns is being developed. It includes a wide range of activities from improved chemical control
through various maintenance and rehabilitation programs to planning for some steam generator replacement,
if required.

Darlington, the newest Ontario Hydro station, is having a rather traumatic and much extended
commissioning period and early service difficulties. Three major problems have been experienced:

• The reactor shutdown system is fully computerized for the first time. Significant commissioning
delays occurred, not because the software had identified performance problems, but to be sure
the software met current standards for safety-critical applications.

• Cracks occurred in the generator rotor shafts resulting in several modifications and rotor
replacement.

• Pressure pulses, inherent in the operation of coolant circulating pumps, were amplified by
resonance in the piping and resulted in fuel damage. Pump impellers with seven vanes, instead
of the original five, are now being tested. This will change the pulse frequency from 150 to 210 Hz.
Modifications to the coolant system piping will also be completed, if required.

Three of the four units are expected to be in operation before the end of 1992 and the fourth unit in 1993.

An $850 million general rehabilitation program for Bruce A has been approved in addition to the fuel
channel and boiler work. This will proceed in parallel with other planned outage work. The program will
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extend over a decade and is expected to return the station to target performance levels over its remaining
life.

Probabilistic safety analysis techniques were used in the original Darlington design. The process will
be completed on all older stations by the end of 1996 and will influence maintenance and modification
programs.

A major program is underway to review the Environmental Qualification of safety equipment in all older
units. Modification of individual pieces of equipment is anticipated to meet current standards. Combined
with this program will be a thorough review of Configuration Management and the completion of needed
corrective action.

Initial Results

Major challenges are present, but our quality improvement efforts are starting to show positive results.

Measurable improvements have been made in the six areas selected for high priority attention. In the
nuclear area, improvements have been made in the performance of special safety systems and their
unavailability frequency has been lowered. In the area of worker safety, total radiation exposure, average
worker dose, and industrial lost time accident rates have all been improved. Chemistry control performance
is showing gradual and sustained improvements, in part due to enhanced training and investment in better
control and measuring equipment. Outages are being completed closer to planned dates and the amount
of preventative maintenance during outages is being increased. 1991 capability factor increased over 1990
by about 4%, but will decline again in 1992 due to some major planned outage work and impacts of the
technical problems noted previously. Cost control is improving in compliance with established budgets.

The Quality Improvement Process is now well established. There have now been over 100 quality
improvement teams in nuclear operations, and the number and effectiveness of the teams is expected to
increase as improved processes are introduced. One of the most important contributions of the team process
has been to improve the relationship between employees and management. The Quality Improvement
Process is a continuous process with goals to re-achieve and maintain long-term excellence. This program
is making good progress in developing a "quality culture».

In the technical areas, our newer units at Pickering B and Bruce B continue excellent performance.
Five of the eight units were ranked in the world top 10% for their 1991 capacity factor performance.

The retubing of Pickering A units has taken progressively less time. The first unit was retubed in 5
years, the second in 4 years, and the third in 2 years. The fourth unit outage is targeted for 19 months and
is currently ahead of schedule. The improved performance in retubing is in part due to improved work quality
resulting from involvement of all categories of staff through teamwork.

The road to excellence is long and challenging with increased difficulties if performance has declined
through complacency or neglect. Major investments in rehabilitation programs and a Quality Improvement
Process are expected to return Ontario Hydro's older reactors to excellent performance, and ensure
continued excellent performance with the newer units.
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POWER UPRATING IN SWEDISH NUCLEAR POWER PLANTS 4.3.2

by Sven SVENNERUD • VATTEN FALL AB
SWEDEN

• ABSTRACT•

VATTEN FALL operated seven light water reactors. Five of these have been uprated between 5 to 10 % after
start of commercial operation. Through these actions 350 MWof production capacity has been added to the
power system. Recently new investigations have identified for uprating most plants one step further.

This paper covers the following :

• Summary of operation experience

• Plant life extension and upgrading

• Summary of implemented uprating projects in Vattenfall's reactors

• Overview of existing possibilities for further uprating

• Presentation of ongoing projects in Ringhals •
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INTRODUCTION

I represent Vattenfall, the largest utility in Sweden. We operate seven reactors. My home plant,
• Ringhais, with three Westinghouse PWRs and one ABB-Atom BWR with a total of 3 500 MWe. In 1991 we
produced 25 TWh. And Forsmark, with three ABB-Atom BWRs with a total of 3 090 MWe. In 1991 they
produced 23 TWh.

I will start with some background information as well as some operational experience. Then present
where we in Vattenfall stand relative to :

- Plant Life Operation

- Plant upgrading

- Plant power uprating

Yesterday - today - Tomorrow, seven units and three concepts, all within a couple of minutes. You all
understand that I am presenting a panorama. From Sweden in general and from my utility Vattenfall in
particular.

VATTENFALL

Unit

Ringhais 1
Ringhais 2
Ringhais 3
Ringhais 4

Forsmark 1
Forsmark 2
Forsmark 3

Type

BWR
PWR
PWR
PWR

BWR
BWR
BWR

's NUCLEAR POWER PLANTS

Net Capacity
MWe

795
875
915
915

970
970

1 150

Commercial
Operation

1974
1974
1980
1982

1980
1981
1985

Operation
hours

109000
109000
66000
59 000

84000
79000
50000

BACKGROUND

Our oldest reactor, Ringhais 1, has been in operation 120.000 hours within 18 years.

The first Swedish commercial light water reactor, Oskarshamn 1, was commissioned in 1972.
Vattenfall's oldest reactors, Ringhais 1 and Ringhais 2, were commissioned in 1974. The latest reactor,
Forsmark 3, was commissioned in 1985, eleven years after Ringhais 1 and 2, after some years delay due to
the Swedish referendum. More about that.

Following the TMI2 accident in March 1979 a referendum was held on nuclear power in March 1980.
The result caused the Parliament to rule in favor of carrying on the reactor program but to milit the use of
nuclear limit powerto no more than twelve units during theirtechnical lifetime which at that time was estimated
to be 25 years. The end-date was therefore set to 2010.
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After the disaster in Chernobyl in 1986 the Parliament decided to start stopping nuclear power by
phasing out one reactor in Ringhais and one in Barseback during the years 1995 to 1996. This decision was
however cancelled in spring 1991.

Opinion polls also show that the majority of the Swedish people favour use of nuclear power until the
year 2010 or even after.

The Vattenfall standpoint is therefore to utilize nuclear power as long as it satisfies the demands for
safety and economy. Our present objective is to carry out all the necessary investments to maintain a high
degree of safety and to increase the production in Forsmark and Ringhais in a cost effective way controlled
by market demands.

OPERATIONAL EXPERIENCE

Safety, environment availability and economy are vital indicators on nuclear power health.

Swedish performance indicators related to energy availability, reactor scrams and collective radiation
exposure are shown on the following three slides.
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We have over the years reached an energy availability of about 90 % for BWRs and about 85 % for
our PWRs. The lower figure for PWR is mainly depending on steam generator problems and I will cover that
specific Ringhais problem later on.
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Reactor Scrams
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Reactor scrams have over the years decreased substantially and are now on an average level close
to only one scram per year. In Ringhals we had a total of 2 scrams on four units in 1991.
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Collective radiation exposure has stabilized at a very low level and the result for 1991 is for 7 units lower
than in 1977 for 4 units.
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So you can see that the Swedish light water reactors have performed very well since the eighties.
Results achieved by a combination of a good basic reactor design, competent personnel, high quality
maintenance and ambrtious upgrading.

Despite high availability figures the reactors have not been free from problems. The earlier the
generation of reactors the more problems there are. Over the years the technical staff have completed
thousands of projects in order to improve reactor safety, availability, maintainability, nuclear waste volumes,
environment and occupational safety. At Ringhals and Forsmark, Vattenfall has invested more than 700
million USD on this programme during the last ten years.

PLANT LIFE EXTENSION AND UPGRADING

I will now present to you haw Vattenfall has approached the concepts PLEX and UPGRADING. Let me
start with out definition of Plant Life Extension.

PLEX can, based upon Vattenfall's basic view, be divided in two main objectives :

- To reach the expected lifetime

- To extend beyond the expected lifetime

Various factors, solely or in combination, affect the nuclear power station lifetime. We have machine-
oriented factors and man-oriented factors.

Ageing components and structures
Machine oriented factors . New concepts

New safety demands

Malpractice
Man oriented factors . High costs

Low acceptance

As mentioned earlier Vattenfall's oldest reactors, Ringhals 1 and 2, have been in operation for about
18 years and been in production about 120 000 hours. The accumulated light water reactor experience within
our company amounts to more than 80 reactor years.

The next two slides show some examples of Plant Life Extension projects in Forsmark and Ringhals.
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PLEX EXAMPLES

Structure/Problem Reactor Type

FW Line Thermal Fatigue

Medium Size Piping IGSCC
Inside Containment

Condenser Tube Corrosion

Unit Computer Spare Parts
and Service Problems

Turbine LP-rotor Cracking

Containment Vent Safety
Requirements

BWR-R

BWR-R

all

all

BWR-R

all

Noted after
op. hour

30000

45000

100000

Completed

1981

1983

1985-67

1990-

1988

PLEX EXAMPLES

Structure/Problem Reactor Type

Steam Generator Corrosion

Analogue I&C Spare Parts
e g Controllers

Electrical Penetrations inside
Containment Corrosion

SRM-IRM Dry Tube Materials
Upgrading

Turbine Systems Materials
Upgrading

PWR-R

all

BWR

BWR-F

BWR-F

Noted after
op. hour

40 000

50 000

15000

Completed

1989-

1989-

1984

1992
(planned)

1983

Despite the operational experiences from Ringhals and Forsmark we cannot fully forecast how well
the power stations will perform in the future. Deteriorations can occur in the near future but can also become
apparent only much later. It can be tempting to wait until problems actually occur.

To avoid unexpected occurrences that might threaten Vattenfall's production capability we must also
apply long term strategies. In 1990 Ringhals carried out a strategic risk study to highlight potential problems.
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RISK STUDY STRUCTURE

Reactor Vessels and Primary Piping
Fuel
Steam Generators
Containments
Turbines
Condensors
Large Heat Exchangers
Generators
Vital Foundations
Station Computers
Electrical and I&C Components

MISSION AND
OBJECTIVE

... define and describe
threats against long term

Vital components and functions have been investigated:

- Reactor Vessels and Primary Piging
- Fuel design
- Steam Generators
- Containments
- Turbines
- Condensors
- Large Heat Exchangers
- Generators
- Vital Foundations
- Station Computers
- Electrical and I & C Components

Internal and external specialists have reviewed each group of components and functions, meaning:

- Examined background and present status related to technical status and competence
- Identified strategic risks, for example shortened lifetime and breakdown consequences
- Assessed risks
- Prepared action programmes

RISK STUDY FINDINGS

"TO BE INITIATED A.S.A.P"

• Competence assurance

• NDT development

• Spare parts strategy survey

• Increased knowledge of thermal fatigue,
stress corrosion and intergranular cracks
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A Condensed result of the risk study is that Ringhals at present does not see anything that form an
operational and safety viewpoint would prevent a long lifetime. However, a number of tasks have to be
initiated in the near future :

- Competence assurance.

- NDT development

- Spare parts strategy survey

- Increased knowledge of thermal fatigue, stress corrosion and intergranular cracks

In the US the plants Monticelli (BRW) and the yankee (PWR) act as lead in life time extension programs.
Especially the licensing process will be interesting for us to follow in coming years.

UPRATING

Now I will focus on my third concept, uprating.

Unit

Forsmark 1
Forsmark 2
Forsmark 3

Ringhals 1
Ringhals 2
Ringhals 3
Ringhals 4

Type

BWR
BWR
BWR

BWR
PWR
PWR
PWR

UPRATING

Commissioned
MWe Year

900
900

1060

750
800
915
915

1980
1981
1985

1974
1974
1980
1982

Increase
MWe Year

70
70
90

45
75

but also several "small" efficiency enhancement projects

1986
1987
1989

1990
1991

Five of Vattenf all's power units have been uprated after commissioning and four of the Barseback and
Oskarshamn power units.

The total increase of output for Vattenfall amounts to 350 MWe and 500 MWe for all Swedish units. An
uprating achieved by relatively simple modifications-except Ringhals 2 steam generator replacement-and
thus with very good economy.

The present upratings have been achieved by a linear increase of reactor power with the electrical
output, thereby keeping the efficiency more or less constant.

Another way of uprating within Vattenfall is efficiency enhancement, meaning increased output but
maintaining constant reactor power.

For example Ringhals 1 was uprated with 4 -5 MW last winter as a result of the installation of a new
turbine pressure control system. More accurate control gave us the possibility of running with the turbine
control valve more open.
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Ringhals 3 and 4 have been uprated with 3 MW per station last summer by introducing speed
controlled feed-water at a cost less than 1 500 USD/kWe. Additional positive consequences are improved
system behaviour and extended lifetime.

An example of a real low budget enhancement is the optimization of preheater and feed-water vents
in Forsmark 3. The output increased with 2 MWe for a cost of about 5 USD/kWe!

FUTURE POTENTIAL FOR UPRATING

Now some words on the future potential for uprating.

UPRATING POTENTIAL

1990 FEASABILITY STUDY RESULTS:

• Potential up to 1 200 MWe

• Estimated investments lower than 2 000 USD/kWe

• Operational systems to be "exchanged"

• Analyses to be based on best-estimate models

• Reactor safety can be maintained or improved

• Extensive preparations needed

In 1990 Vattenfall started a feasibility study in order to investigate the maximum potential for uprating
with regard to state of the art, eg best estimate models and latest fuel technology, but without exchanging
reactor vessels.

The study was conducted in cooperation between Vattenfall and the former main suppliers for both
Nuclear Steam Supply Systems and turbine islands.

A condensed summary of the results shows :

- Total potential for uprating is up to 1 200 MWe

- Investment costs are estimated to be lower than 2 000 USD/kWe

- Operational systems have to be exchanged which is fully possible and economically feasible

- Analyses have to based on best-estimate models

- Reactor safety can be maintained or improved

- Extensive preparations such as verifications and licensing works are needed

The objective of the study was to highlight possibilities and to identify pitfalls. Technical judgements
have been performed using the best available competence but without detailed calculations.
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Reactor safety has been judged against three different leveis of codes : at the original date of
licensing.at present and a likely level of «tomorrow».

The report concludes that it is feasible to upgrade to what is considered to be -tomorrow's- code level.

Operational systems are for obvious reasons affected by an uprating. Furthermore, upratings already
performed within the turbine and generator systems have reserved the inherent overcapacity.

FORSMARK 1 & 2 UPRATING MODIFICATIONS

REACTOR 1

RC-pumps
Steam Separators
M S lines
Pressure Relief
Residual Heat
Component Cooling
Containment Spray
Boron Injection

VRBINE ELECTRICAL POWER

M S lines & valves
H P rotors
Moisture Separators
Reheaters
Preheaters
Condensate Pumps
Feedwater Pumps
Cond Purification

Generators
Main Transformers
Local Transformers

At Forsmark 1 and 2 the study indicates the following system modifications when uprating from 2 920
MWth to 3 700 MWth.

Reactor systems :

- Measures to increase steam systems capacity

- Measures to increase safety systems capacity

Turbine systems:

- Measures to increase steam systems capacity

- Measures to increase feed water capacity"

- Measures on the steam turbines

Local Power systems :

- Measures on generators and transformers

Brief time scheduling indicates a magnitude of eight years engineering work and eight month shut-
down for installation and testing.

At present Vattenfall has not decided to enter the next phase - basic engineering on a selected power
station. &ut we have decided that the large project we have in Ringhals, which I will describe in more detail,
shall be designated in such a way that an increase in power output up to the levels we have now discussed
shall be possible in the future.

Part 6 • Session 4 281



ONGOING PROJECTS IN RINGHALS

Now, let me tell you about two ongoing projects in Ringhals that are good examples of a combination
of Plant Life Extension and UP-RATING.

In 1994 we plan to exchange LP-rotors in Ringhals 1. The reason is that we have found small cracks
in the rotors. We are convinced that in the long run we will be unable tooperate the turbines without corrective
actions. In other words a typical PLEX issue. In parallel with the crack investigation we have also examined
the potential for uprating using modern turbine technology.

Changing the LP-rotors only, will increase the output from 800 to 845 MWe. However, for a complete
turbine modernization, we have found that the electrical output can be increased as much as up to 900 MWe
without changing the reactor power. Remember that Ringhals 1 was originally rated at 750 MWe.

We have reason to believe that similar options exist worldwide in order to enhance the nuclear power
generation capacity.

From the LP-rotor project only, Vattenfall will gain a good rate of return and at the same time we get
a brand new vital component. Still, the option to fulfil the modernization of the turbine plant and to increase
the reactor power remains.

As you know we have already exchanged our stream generators for Ringhals 2. This was a very
successful project which -was completed in 100 days outage time. And as I showed you in an earlier picture
it gave us an additional output of 75 MW.

At Ringhals 3 we have started up a new project for steam generator replacement. The installation is
scheduled to take place during the summer 95. The outage time for Ringhals 3 is scheduled to 84 days and
within that the replacement time is estimated at about 70 days. The replacement gives an option to increase
power to 112% in a first step. Our investigation shows that the total uprating potential is up to 119%.

To my knowledge the only other plants that combine SG replacement and power uprating are Doel
3 and Beznau 1.

For increasing the output to 112% the following hardware modifications are deemed necessary:

- Modification of the feed-water system from dual feed inlet to a single feed inlet

- New high pressure inner-turbines

- Modification of the cooling capacity for the electrical generators. Payoff-time is estimated to be less
than 10 years for the 112% level.

SUMMARY

Present Parliament decisions and licensing permits admit use of nuclear power until the year 2010.
The Vattenfall standpoint is to utilize nuclear power as long as it satisfies the demands for safety and
economy. Opinion development in Sweden makes this standpoint credible and emphasizes the importance
of achievements for safety, efficiency and environment. Many tasks have addressed preventive technical
health-care, which are expected to give further benefits during the plant time life.
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For Vattenfall the nineties will create new challenges and increased demands relating to the concepts
PLEX-UPGRATING-UPRATING. Examples presented today have shown the broad and objective-oriented
work performed at Forsmark and Ringhals. Vattenfall will pursue in all areas.

Finally some advice based on the philosophy within Vattenfall:

- PLEX must be treated as a continuous evolution beginning at the plant's birth

- Long term strategies, performed technical studies and a complete plant record must form the base
Of the concepts PLEX-UPGRADING-UPRATING

- A combined PLEX-UPGRADING-UPRATING activity, supported by an updated ASAR, will most
probably create the best result

- Extensive concepts consume a huge time span, demand high competence at utilities, vendors and
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IMPROVEMENTS MADE TO SCOTTISH NUCLEAR LTD. 4.3.3
ADVANCED GAS COOLED REACTORS AT HUNTERSTON B'

by Peter M. BOOCOCK and P. Alan KENNEDY
Scottisch Nuclear Ltd.
UNITED KINGDOM

• ABSTRACT•

Scottish Nuclear have a Magnox and two Advanced Gas Cooled Reactor (AGR) power stations.This paper
deals with some of the improvements made to the older AGR reactors which are now approaching the mid-
point of their lives. Improvements are made to increase output, take them through their operating life and
recognise up to date design criteria.

Included in the paper is reference to the original shortfall in output associated with revised metallurgical limits
on the boiler evaporator tubing, and the means by which revisions allowed the plant to increase its rated
thermal output above the original design figure. Also a decision was taken to replace standpipe liner tubes
in the pile cap of the pre-stressed concrete pressure vessel following deterioration of some sealing welds,
in order to safeguard the plant design life and possibly allow it to be extended. The arguments and methods
used are described together with progress to date.

Further upgrading of the plant has resulted in installation and operation of a second irradiated fuel
dismantling cell which has improved interlock and protection. This is described together with the basis of
the handling and protection system. There has been numerical analysis of the major faults.

Gradual improvements to the post-trip cooling provisions have included incorporation of a natural circulation
case. The basis of this case and the required plant changes are summarised •
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Scottish Nuclear Limited owns and operates four advanced gas cooled reactors (AGR) on two sites
in central Scotland, Torness on the east coast and Hunterston "B" on the west coast. It is also responsible
for decommissioning the two Hunterston "A" Magnox reactors on its west coast site.

Hunterston "B" has been in operation since 1976 and, over its life, has been subjected to continuous
modification and upgrading leading to increased safety, reliability and performance. This paper describes
a small number of the more important of these improvements, viz>

- The introduction of a second irradiated fuel dismantling cell.

- Redesign and modification of reactor internal insulation.

- Improvements to post trip cooling equipment.

- Overcoming restrictive metallurgical limits on boiler tubing.

The reactors at Torness are relatively new, having commenced operation in 1988. Torness is therefore
discussed only briefly in the present paper.

1 . INTRODUCTION

The Hunterston "B" reactors were designed in the mid sixties, built over the following 10 years and,
together with a sister plant at Hinkley Point "B", were the first AGRs to enter commercial service in the UK.
A sketch of the reactor cross section is shown in Fig. 1. The same basic design was adopted for the second
generation of UK AGRs sited at Torness and Heysham, the latter being operated by Nuclear Electric.

Each Hunterston "B" reactor has a design gross output of 660 MW(e). They are graphite moderated,
CO2 cooled and operate with core outlet gas conditions of approximately 38 bar and 660°C. There are 12
once-through boiler units and the CO2 coolant flow is created by 8 gas circulators, each consuming some
5 MW at full rating.

The station has operated well over its life and since 1982, when on-load refuelling commenced, has
achieved annual load factors in excess of 80%.

Despite the plant improvements effected todate, there remain areas where, against currentstandards
and criteria, further engineering improvements are achievable. The implementation of these tasks over the
next few years will represent a major effort within SNL.

The present paper does not look in detail at such future modifications but instead, concentrates on
a few of the more major initiatives which have been implemented over the plant's life to date.

2. EXAMPLES OF IMPROVEMENTS

Example 1 - Installation of a Second Irradiated Fuel Dismantling (IFD) Cell

AGRs, unlike the majority of the world's reactors are designed to refuel on load. A safe, efficient and
reliable fuel route is therefore a pre-requisite of successful operation.

The irradiated fuel is transferred from the reactor to a buffer store where it cools in pressurised COZ

for at least 6 days before entering the IFD cell for dismantling prior to further temporary storage in the cooling
pond.
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The IFD cell is one of the most complex and potentially most hazardous parts of the fuel route. Because
of this complexity and the potential threat to fuel route availability should any major mishap occur in the cell,
the South of Scotland Electricity Board (SNL's predecessor) decided, on economic grounds, to build a
second cell, a sketch of which is included as Figure 2.

The second cell (IFD2) was designed taking advantage of the considerable experience gained from
operation of the original cell over the first 6 years of station life.

This allowed a more realistic identification of all of the potential faults than is normally achievable at
the outset of the design of a highly complex plant. One of the fundamental principles adopted in the design
of the newcell was to limit the consequences of any irradiated fuel drop faultby mechanical means whenever
this was possible. This allowed a significant simplification of the control and protection instrumentation
channels provided to safeguard against the range of potential faults and hazards.

One example of this mechanical protection was the provision of a moving platform fitted with a shock
absorber in the dismantling tube. The platform can move over the full length of the dismantling tube into which
the fuel assembly is first lowered by the charge machine. When fully raised, the platform limits the maximum
potential drop of the fuel to around one metre. It continues to limit the drop by moving with the nose of the
assembly as it is lowered into the cell.

A further example of where the plant integrity was improved by mechanical means was the grab which
lifts the 8 individual fuel elements by gripping on the outside of the graphite sleeve surrounding the element.
The new grab incorporates secondary retention features which, should the element slip within the primary
jaws, prevent it from falling out of the grab.

Notwithstanding the precautions taken to reduce the risk of dropping irradiated fuel, the cell is
designed to contain fully any radiological release resulting from broken or burst fuel pins. Although the cell
normally operates at a slight negative pressure, it is capable of withstanding a positive pressure of 0.55 bar
in the -sealed off- mode, which would be adopted subsequent to a radiological release from the fuel due
to mechanical damage or over-heating .

The construction of the cell was a major undertaking, bearing in mind the constraints imposed by the
need for the majority of the work to be implemented while both reactors and the existing fuel route remained
fully operational.

Extensive commissioning of the cell was completed in 1991. This included the dismantling of 14 mild
steel dummy stringers in either normal operating or recovery modes. Following acceptance of the dummy
stringer tests, a single test was performed with an irradiated stringer to confirm that the cell radiological
shielding was meeting its specification.

On completion, the cell was handed over to Station Fuel Handling Department for routine use. When
sufficient confidence has been established in the use of IFD2, IFD1 will be withdrawn from service for a period
of around 6 months to allow major modifications to be performed to bring the original cell up to a higher
standard in terms of safety requirements.

Had IFD2 not been built, the necessary upgrade of IFD1 would have resulted in a protracted loss of
an essential part of the fuel route with a consequent significant loss of availability of both reactors.

Example 2 - Redesign and Modifications of Reactor Internal Insulation

Standpipes are provided through the-top slabs of the reactor vessels at the Hunterston "B" and
Torness AGRs to enable fuel to be charged and discharged. In 1983, after some 7 years operation, the
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temperature of one of the standpipes at Hunterston "B" rose above its normal level and, in subsequent in-
vessel investigation, it was found that failure of stainless steel welds (Figure 3) associated with the thermal
insulation was allowing hot gas to circulate within the normally stagnant standpipe.

At this stage, bearing in mind the possibility of a generic problem, a major collaborative project was
initiated to establish the cause of the cracking and develop remedial measures. The urgency of the matter
required that the project be developed along these two routes simultaneously.

The determination of the underlying reasons for the cracking involved setting up and controlling
(against very tight timescales) theoretical studies, extensive use of modelling techniques, material property
testing and selection of an appropriate plant monitoring programme.

Specially developed instrumented standpipe liners and plug units were installed in the reactors and
these assisted greatly in establishing the cause of the problem. This was found to be a combination of in-
service creep and fatigue brought about by a previously unrecognised instability in the gas temperatures
in the annulus between the plug unit of the fuel assembly and the standpipe insulation. In some cases, the
situation was exacerbated by the presence of manufacturing defects.

A two part solution has been adopted to overcome the problem and to allow the reactors to operate
for at least their currently specified design life of 30 years.

The first part of the solution involved removing the loading mechanism which caused the cracking.
This was achieved by re-designing the heat shield on the plug unit (Fig. 3) to reduce the severity and
frequency of the thermal instability.

A number of possible configurations were considered and extensive tests in representative rigs were
performed before the preferred design was identified and developed for final province trials on the operating
reactors.

The new design incorporates five horizontal baffles to discourage gas from rising up the standpipe
annulus and is more open to help reduce and stabilise temperature differentials.

Almost all of the heat shields have now been exchanged. A similar modification was made at Torness
prior to power raising. This was all that was necessary at Torness since the equivalent welds at risk were of
a more robust design and were at that time, undamaged by in-service operation.

The second part of the solution was to replace all of the standpipe insulation liners, incorporating a
redesigned, more flexible closure ring arrangement at weld B (Fig. 3). This major exercise was considered
to be a necessary part of the long term solution to the problem, despite the fact that it would inevitably reduce
the availability of the reactors during the period of six years over which major outages would be required to
allow the invessel work to take place.

The standpipe liner replacement programme began, at a relatively modest level, in 1987 and will
continue through to 1993.

Access to the stand pipes is provided during the modification by removing the upper half plug units
of the fuel assemblies from the channels to be repaired using a specially designed and constructed plug
unit handling machine. The plug unit handling machine separates the upper half plug unit from the lower half
plug unit and fuel stringer which remain in the reactor. Once access has been provided, platforms are
installed in the reactor vessel to allow man access to the underside of the roof.
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The replacement procedure involves cutting through the bottom of the standpipe insulation liner at
weld B (fig. 3) and lifting it out of the standpipe and then replacing the welds which are vulnerable tocracking.
A new liner of an improved design which eliminates a number of welds is then lowered into the standpipe
and the closure ring welds are made using semi automatic equipment. Finally, standpipe closure housings
and the upper half plug units are replaced.

Carrying out the above operations within the vessel is an onerous task. The invessel conditions are
an air temperature of up to 60°C, a background radiation level of approximately 400 u,Sv/hr and considerable
restriction on access to the work face. A combined team of contractor and SNL personnel manage the day
to day activities of the repair team which peaks at: around 250 people. The logistical aspects of the exercise
are clearly paramount.

Over the period of 5 years since the replacement exercise began, the number of standpipes replaced
at an outage has risen from 15 to 187 and the time taken per liner has decreased from 3 to 0.46 days.

The standpipe insulation repair work has been one of the longest and most complex tasks ever
planned and undertaken on an operating reactor in the UK. Its success to date has been achieved through
dedicated commitment to pre-planning and detailed organisation of all aspects of the work to ensure
complete control of the project.

Its successful implementation should ensure that the standpipe insulation fulfils its design function
over at least the currently proposed operational life of 30 years.

Example 3 • Improvements to the Post Trip Cooling Equipment

The safety case for post trip cooling in the Hunterston "B" reactors is based upon forced circulation
of the CO2 coolant at a pressure of 38 bar, upwards through the core and then down through the main boilers
(See Figure 1).

The design and commissioning of Hunterston "B" pre-dated the use of probabilistic techniques to
assess the depth of defences against such faults as the loss of all forced cooling. However, the application
of numerical risk criteria to modern AGRs is leading to a re-evaluation of the risks associated with the older
nuclear plant. A review of the post trip cooling system has identified the need for a safety case to be
developed for the situation where all forced circulation of the CO2 coolant is lost.

Safety cases, based on natural circulation of the primary coolant have already been developed for
modern AGRs. The difficulty at Hunterston was to back fit such a safety case to plant which was already in
operation.

An essential element of the natural circulation cooling case is the ability to provide sufficient feed water
to the boilers since they constitute the cold leg of the loop and thereby promote CO2 circulation. To this end,
much work has been done to improve feed water stock availability an,i the diversity and capacity of supply
routes. An independent back up feed system has been installed with diesel powered pumps to complement
the duty, stand-by and emergency feed supplies already in existence. The location of the plant and the
routing of the pipework system is such as to provide diversity from the primary feed supply systems.
Improvements to the feed system availability are not restricted to hardware modification. Considerable
emphasis has been placed also upon the role of the operator in such fault sequences and operating
procedures have been developed to assist recovery from partial or total feed system failure.

The development of a natural circulation cooling case provides a robust alternative to forced
circulation fcr the more frequent pressurised faults since it has fewer common mode failure limitations. This
results from the diversity of available feed supply routes referred to above.
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Example 4 • Overcoming Restrictive Metallurgical Limits on Boiler Components

In 1971, when the Hunterston "B" boilers were at an advanced stage of installation, oxidation tests in
the 9% Cr boiler tube material began to exhibit corrosion rates considerably in excess of those anticipated.
If these enhanced rates had been correct, it would have meant that, to achieve the full reactor life, the power
output would have had to have been reduced by approximately 20% to maintain the crucial 9% Cr tube
material temperatures at an acceptable level.

The only alternative approach to a punitive downgrading was to modify the boilers at this late stage
to reduce the temperature of the 9% Cr tubing and its supports. A partial solution in this direction was
achieved by installing shrouds around the beams supporting the 9% Cr boiler section, and then piping gas
from the gas circulator discharge (at around 290°C) within the shrouds which directed the coolant over the
important features of the support system.

Instrumentation was installed at the same time so that the effectiveness of the modification could be
confirmed when the reactor was at power.

Notwithstanding these modifications, reactor power output over the first four years was still restricted
by the need to limit 9% Cr temperatures. Further effort was therefore expended in re-examining the oxidation
test results. It was established that the deterministic limiton weight gain which had been set to avoid the onset
of "breakaway" oxidation was unduly pessimistic and that a much higher weight gain could be tolerated with
only a small risk of breakaway occurring. This led to a probabilistic rather than a deterministic interpretation
of the data with the result that much higher 9% Cr temperatures could be tolerated and the reactor power
output was no longer restricted by concerns over premature corrosion failures of the 9% Cr components.

3. DISCUSSION

The previous section has highlighted only a few of the many improvements made to the Hunterston
plant.

Also, attention has been concentrated on Hunterston rather than Torness, since the latter has been
operational since 1988 only. However, this conceals the major improvements which were incorporated from
the outset at Torness based both on experience gained at Hunterston and the ever increasing standards to
which nuclear plant are designed and constructed.

These include improved segregation and diversity of safety systems, a secondary shut down system
and assismic design to a level of 0.25g SSE.

4. THE FUTURE

As regards the future, it is clear that modification and improvement work will continue to be
implemented on both stations. Indeed, at present, work is progressing on enlarging the decay fuel store
capacity at Torness to improve the re-fuelling cycle flexibility, studies are being performed to establish
whether a secondary shutdown system is feasible at Hunterston and work is in hand to develop a diverse
cooling route for reactor auxiliary plant.

Scottish Nuclear Limited is committed to the safe successful and economic operation of its advanced
gas cooled reactors at the Hunterston and Torness sites for at least their current design lives of 30 years and,
indeed, work has commenced on the scope for plant life extensions to 35 or even 40 years.
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Work is also in hand-to look beyond the current generation of reactors to identify a suitable replacement
for the Hunterston "B" plant.

Based on present circumstances, this will be a water cooled reactor and will represent yet another
challenge for the engineering resource at Scottish Nuclear Limited.
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First part chaired by Remy Carle (France)

In his introduction, Mr. Carle noted that, whereas a few years ago the main aspect was "operation and
control", the question of maintenance is today coming increasingly to the forefront. Operation and
maintenance are two very different types of activity, and they each require their own skills. Whereas
control has always been recognised as being of importance, this has only recently become true of
maintenance, and it has been proved that a poorly adapted maintenance policy is very costly in terms
of the operating results.

Three national approaches to maintenance were presented by Messrs. Coenraets (Belgium), Mercier
(France) and Diaz Rio (Spain).

Mr. Carle (Chairman) was surprised that the dosimetry aspect had not been mentioned by any of the
three speakers.

Mr. Coenraets indicated that limiting personnel irradiation is a permanent concern for Tihange power
station. A number of specific actions have been taken in this respect (improvement of the chemical
treatment at shutdown, personnel awareness), and this has helped to reduce dosimetry levels from
400 hrem to 100 hrem per year. Mr. Mercier indicated that in France, this concern is so much a part
of every activity that we forget to mention it. The application of the ALARA concept has given very
satisfactory results, mainly on the larger sites (for instance, the replacement of steam generators in
Dampierre 1). Nevertheless, a great deal remains to be done for the less important work, where
organisation is less stringent.

Mr. Fuchs (Switzerland) wondered whether for major maintenance work it is better to make an
international call for tenders or to work with a single supplier, less competitive but with a better
knowledge of the power station and thus more efficient. Mr. Coenraets replied that, to avoid cost
increases, it was essential for the supplier to be in a situation of competition. But a low price is not the
only pointto be considered, and other criteria may be taken into account (knowledgeof the unit, quality
of service, etc.).

Mr. Lucenet noted that the presentations made little reference to other industries: can they tell us
anything about these maintenance questions? Mr. Mercier indicated that the two basic characteristics
of nuclear energ^are public safety and economic competitiveness. We have this in common with the
chemical and aircraft industries. Useful contacts had been made with the latter, mainly for the
construction and operation of simulators and the implementation of RCM.

Answering a question from Mr. Procaccia (France), who was struck by the volume and content of the
Belgian database for experience feedback, Mr. Coenraets indicated that this database was centralised
by TRACTEBEL. Its had been started three years ago and was not yet complete.
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Second part chaired by Jussi K. VAURIO (Finland)

Three statements were presented:

Mr. Eero Patrakka (Finland) spoke about personnel training in his company (TVO).

Mr. Chevallon, Head of the Saint-Laurent nuclear power station (France), demonstrated how the
human factor has needed to be taken into account in maintenance.

Dr. H. Eisgruber (Germany) presented the measures for training and human factor management in
RWE.
Answering a question about maintenance staffing levels in German power stations, Dr. Eisgruber
indicated that in RWE about 120 persons were needed for a single-unit power station and 200 for a
two-unit station. To this should be added 20 % for outside labour costs (normal situation) and 300-400
persons during shutdown.

Third part chaired by Andrew W. CLARKE (United Kingdom)

Three statements were presented:

Mr. Horton presented the strategy for the reactors of Ontario Hydro (17 units in service, some of which
are coming into the second half of their life). The aim is to ensure a lifetime of up to 40 years. Three
types of action were envisaged for this: higher maintenance quality, a specific "life insurance"
programme (choice of critical components, search for weak points, etc.) and if possible better
performance.

Mr. Svennerud presented the work planned in Sweden. A programme was begun (i) to operate during
all the authorised lifetime (and possibly to be ready to go further) and (ii) to make best use of existing
reactors by finding realistic ways of increasing capacity (steam generators, turbines, etc.). Mr.
Kennedy (United Kingdom) presented the main improvement work planned in Hunterston B power
station, which is more or less half way through its life (30 years planned, but 35-40 years is a possibility).

Mr. Bacher (Electricite de France) asked Mr. Horton for details of Canadian maintenance costs. He
was told that there had been a fall during the 1980s, and this had had a negative effect on unit
performance; an increase was then necessary to correct the situation.

Mr. Bilger (Germany) asked how the Swedish programme to increase power was compatible with
maintaining safety levels (more residual heat in the core). Mr. Svennerud told him that this point was
indeed taken into account systematically and that studies were being carried out to determine the
exact limits of the safety systems.

Round table chaired by Remy Carle (France)

Mr. Carle looked at the question of maintenance philosophy. Nuclear maintenance is a specific
discipline which is not directly related to the maintenance of conventional units (greater safety and
quality requirements). In addition, actions are very varied and call upon different technologies
(electricity, mechanics, electronics, computers, etc.). This activity therefore needs to be carefully defined
and optimised:

Dosimetry: the tendency is falling, but in view of the cost involved, there is an optimum. What is this
optimum?
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Greater capacity, and therefore lower margins justifying more careful maintenance.

Level of computerisation of operations during shutdown.

Monitoring of maintenance quality: locating failures is less immediate, more difficult than for control,
monitoring requires a great deal of paper work; but we do not want bureaucracy!

Balance between preventive maintenance and corrective maintenance: practice is different from one
country to another.

In any case, it would be useful to develop a theory of maintenance, integrating the technical and the
economic approach. This would make choices more rational, provide coherent solutions between
different countries and allow us to discuss with safety authorities on the basis of less subjective
arguments. Clearly, we need to keep our professionalism whilst taking into account the economic
aspect and dosimetry.

Mr. Carle suggested that the UNIPEDE Nuclear Generation Study Committee, who in the past worked
efficiently on problems of control and simulation, should now examine the more complex problem of
maintenance.

Mr. Vaurio, like Mr. Carle, mentioned the need for optimisation, but on the level of training. Are training
programmes prepared on the basis of correct assessment of requirements? Is detailed analysis of
tasks essential? Are mock-ups needed?

Human error is to a large extent responsible for incidents or accidents. It appears essential to set up
a task force in each company to analyse the human factor, taking its environment into account. To
make progress, it is necessary to have a high-performance data collection system and to analyse it
in detail. We should develop the search for systematic data on equipment reliability, needed for RCM;
and, finally, PSA - hardly mentioned in the communications - could help to improve procedures and
practices.

Mr. Clarke stressed the quality of maintenance, the only guarantee of a satisfactory lifetime. Here too,
the correct balance needs to be found. Often, the safety authorities require greater maintenance,
whilst operators try seek a higher quality maintenance: the right maintenance, but not too much.

Concerning PLEX, the statements presented methods which were sometimes different, but the
objectives were the same in each case: with a few exceptions, the problem at the moment is not how
to build new nuclear units but how to make best use of the existing investment (either by operating it
for as long as possible or by making it more efficient, for instance by increasing its capacity). This
therefore involves a better management of residual life, rather than systematic prolongation. The term
PLEX could be changed.

Mr. Nordin noted the two objectives brought out during the nuclear conference:

to operate under adequate safety conditions,
to remain competitive and obtain good performances.

This is essential if the long-term acceptance of nuclear energy by the public is going to be possible.
We must make the most of each individual, on every level. As well as the aging of equipment, we must
consider the aging of the structures of the undertaking.
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Questions - Discussions

Mr. D'Onghia(UNIPEDE) feared an increase in maintenance costs in relation to the age of the units.

For the UK Magnox reactors, Mr. Clarke stated that there had indeed been a noticeable increase in

maintenance costs after about 20 years, and this had been accentuated by the requirements of the
safety authorities.
For Sweden, Mr. Nordin thought that cost control was a positive consequence of the national
energy debate, and nuclear energy had to prove its competitiveness.
For Finland, Mr. Vaurio indicated that a rise in maintenance costs had indeed been noted, and
this was the result of both an increase in safety requirements and the aging of the structural equipment.
Nevertheless, it was possible that costs would fall when RCM became more a routine.

For France, the trend was mainly the result of the requirements of safety authorities. The effect of
aging (wear, fatigue, etc.) is not yet significant, except for steam generators.

Mr. Moon (Korea) asked what had been done in France as regards improved performance and
lifetimes. Mr. Carle stated that a few extra tens of megawatts could be obtained from the French 900
MW units. But the economic calculation applied to the very specific French power system did not in
general justify this mode of operation being adopted today. The 1300 MW units, better optimised from
the start, did not allow this possibility.

Concerning lifetimes, a specific organisation had been set up five years previously to study how far
the units could reach or even exceed the designed lifetime of the components (generally 40 years).
The first conclusions seemed encouraging.

Mr. Desgranges, Head of the Technical Sub-Unit of Blayais nuclear power station, indicated that there
had been an OSART inspection in his power station in January 1992. This had helped to increase site
safety, particularly through the work carried out by the operator before the inspection.

But Mr. Desgranges thought that for OSART to be a success, there were two necessary conditions:

i) The power station had to be in agreement to play the game,
ii) There needed to be a very good team of experts from the IAEA.

In view of the availability of experts, these exercises could not be repeated as often as necessary.

Mr. Anderson (WANO Atlanta) indicated that his organisation, who had carried out two pilot exercises,
would assess the efficiency of the peer-reviews at the General Assembly in April 1993.

In conclusion, Mr. Carle noted the need to make the best possible use of existing installations in view of the
restrictions concerning the construction of new power stations. This justifies the increasingly important role
of maintenance.
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SUMMARY OF THE CONFERENCE

by Lars Gustafsson, Chairman of the Nuclear Generation Study Committee
VATTENFALL AB • SWEDEN

The conference started with a broad outlook geographically and into the future by Hans BLIX. I think
some of what he said put our conference in the right perspective. He said:

«lt is of crucial importance to satisfy the energy and electricity requirements of the world without
jeopardizing our environment and health, regionally or globally. Nuclear generated electricity has
potentially a much greater role to play than it does today to help to achieve this. It is unrealistic to
believe that conservation and renewables will go very far to provide an economically viable
answer.»

We all know that he is right. But we are all also aware - as certainly Mr. BLIX is - that nuclear power
producers have to convince the public and our politicians that nuclear power if handled by a responsible
industry is a safe, economical and trustworthy power source. That is in fact the main challenge for the nuclear
industry.

As responsible operators we have been assembled in the beautiful Swedish summer for three days
intensive discussion about how to achieve excellence through quality in the future operation of our nuclear
power plants. I am now more confident than before that we will be successful in building up confidence and
acceptance of nuclear power in the future.

On the other hand I must remind you and myself that many persons in our industry were complacent
15 years ago. The TMI and Chernobyl accidents and the severe political reactions changed our attitudes.
INPO was born in USA because of the TMI accident and the reaction it caused among the public and the
politicians. In the same way WANO was created as a consequence of the Chernobyl accident. These two
organisations have, beside IAEA, played an important role in establishing the industry's response to the great
challenge after TMI and Chernobyl. Also Unipede has played a role by means of the work in the Nuclear
Generation Study Committee and by other means. This conference, UNIPEDE's first nuclear conference, has
been one important contribution to the nuclear industry's revival. I am sure that other conferences of this type
will follow.

I am glad that distinguished representatives for IAEA, INPO and WANO have accepted the invitation
to present their views on our common problems here at this UNIPEDE conference. These four internationally
acting organisations are apparently striving successfully in the same direction. That is one important reason
for my optimism for the future.

One other reason for my optimism is the wealth of evidence shown in this conference that the industry
in a realistic way has been working hard along all frontiers to achieve excellence. I am not saying that we
have achieved excellence. That would be a new form of complacency, which we all agree that we want to
fight. It was said during the conference that we are no supermen and that is certainly true. What matters is,
however, that we all have been striving for excellence and that we continue to do so.
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Lars HOGBERG, Director General of the Swedish Nuclear Inspectorate, said yesterday that the
regulatory bodies and the industry has a common goal, that is a situation with zero accidents and zero
incidents. We will never be able to achieve that goal but we, the nuclear industry and the safety authorities,
must strive to be as close as possible to it.

It was also said that the pressure from outside, that is from the public, the politicians and partly from
the safety authorities, in some way has been a burden for ouroperating staff. But it also gave us the advantage
of a more motivated and more loyal staff. Several utilities have, however, also been working hard to develop
a new safety culture, a new type of management and a new type of leadership within the nuclear operation
departments. Several programmes of this kind have been described for us. In a general sense we all agree
that this is a development in the right direction, i would like to recommend the UNIPEDE Nuclear Generation
Study Committee to continue to work on these issues. I think that we need to be a little more specific when
we discuss good safety culture and good leadership. What do we mean and what do we want to achieve
by good safety culture and good leadership? Let us keep these questions alive in the future.

In several utilities, the defined goal for nuclear operation is safety, availability and economy. High
availability can easily be combined with good economy but it is more complicated to optimize the
com bi nation of safety and economy. The long perspective safety considerations come first but i n other cases
there might be a conflict of interest between safety and money. The best solution can not be stated in general
terms. It was, however, pointed out that a high safety standard is not always a matter of money.

Availablity and economic results can be measured, but several speakers agreed that it is more
complicated to measure the degree of safety. I don't think it is possible to establish one safety indicator, the
art of nuclear operation is much too complicated for that. But the use of performance indicators, the WANO
set of ten indicators and other systems, might help. I must congratulate EDF for publishing their set of
perfomance indicators up to 1991 just in time for our conference. It is a good sign of openness and I hope
that the same type of reports from all nuclear utiiities will be published soon. Performance indicators do help
in the internal planning because they show the development over the years in several aspects within the
utility. But the indicators could and should also be used to compare the results, good or bad, between
different utiiities or countries.

Human errors were discussed at great length during the conference.

Normally we combine human errors with operator's errors. It is, however, important to realize that in
many cases the root cause of errors, for example in construction, in QA, in maintenance and in management
might be a human error. This fact is the fundamental obstacle preventing us from being complacent in our
role as nuclear operators.

It was interesting to hear about the experiences from some middle-aged nuclear power stations. They
are now 20 to 25 years you n g. The general concl usion was that the expected life time i s at least 40 to 45 years.
Some of the problems are specific for old plants, but I did not get the feeling that older plants are
characterized as less safe than new ones.

A good performance of a nuclear power plant depends in the long perspective on a systematic
maintenance and backfitting programme. There is a need for a long term quality improvement plan within
all nuclear power plants because this is the best way to assure a long healthy life and good long-range
economy.

During this conference we have seen and heard high quality performance by human beings. We have
also seen some human errors and machinery defaults. We are certainly no supermen in the conference
technique. But the total result has been very good and we have achieved, I think, an excellent result. In my
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introduction on Monday morning I said that I hoped that everybody after the conference has got something
to think about, something to bring home for improvements in their own company and that new contacts have
been established for long term exchange of experience. I think you do agree with me when I now say that
we have achieved that sort of results. That is excellency in conference technique.

Thank you all for participating in this joint effort. I hope to see you again in the second UNIPEDE nuclear
conference. We shall strive to achieve a still better excellence in our next meeting •
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OPERATIONAL PERFORMANCE AND FUTURE PROSPECTS
FOR U.S. NUCLEAR POWER PLANTS

by Zack T. PATE, President and CEO
Institute of Nuclear Power Operations (INPO)

Good morning. I want to express my appreciation to UNIPEDE and the Swedish nuclear industry for
organizing this conference, and for inviting me to participate. The purpose of my address is to provide a brief
overview of the operational performance of U.S. nuclear power plants and to discuss the prospects for new
nuclear plants in the United States.

However, before I discuss those areas, let me comment on how important these kinds of conferences
are. Continued improvement by the world's nuclear operators requires the kind of international exchange of
information that has taken place here over the past two and a half days. This sharing of information — or
lessons learned — and the subsequent implementation of the best practices worldwide increases the
collective margin of safety of nuclear stations across the globe.

This concept of international information exchange is fundamental to the mission of the World
Association of Nuclear Operators — or WANO.

WANO's mission is...

«To maximize the safety and reliability of the operation of nuclear power plants by exchanging
information and encouraging communication, comparison and emulation among its members."

As the formation of INPO was a response by the U.S. nuclear industry to the TMI accident, the formation
of WANO in 1989 was a response by the international nuclear community to the Chernobyl accident. That
accident starkly demonstrated the need for greater cooperation and information exchange among the
world's nuclear operators.

In the U.S., we have seen the powerful effect of the industry's commitment to self improvement through
emulation of the best. WANO, formed in the image of INPO, is successfully expanding this concept
worldwide. I should note that the Atlanta Center of the World Association of Nuclear Operators is located with
INPO in Atlanta.

With that as a backdrop for my remarks, let me begin with an overview of the operational performance
of U.S. nuclear power plants. There are several ways to describe the progress of the 110 U.S. nuclear power
units over the past decade. This progress can be portrayed by a set of 10 performance indicators adopted
by the U.S. nuclear industry in the early 1980s.

After a decade of impressive progress—with many of its 1990 performance indicator goals achieved
—the U.S. industry has turned its attention to 1995 goals. As I will discuss in a few moments, the U.S. industry
is now using the WANO Performance Indicators for its goal setting and trending. During 1991, performance
improved in eight of the 10 performance indicator areas.

I will illustrate this industrywide progress with a description of a few selected performance indicators.
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(unit capability factor)
First, unit capability factor in the U.S. in 1991 rose to an industry median value of 75.7 percent, a four

percent improvement over 1990—the largest single-year gain since the industry began tracking power
production capability.

(unplanned scrams)
This indicator tracks the average scram rate per 7,000 hours of reactor criticality— approximately one

year of operation. The median number of scrams has decreased from 7.3 in 1980 to 1.3 in 1991.
The 1991 median value of 1.3 is essentially the same as the 1990 value indicating stable-performance

very near the U.S. industry's 1995 goal of 1 scram per 7,000 hours of reactor criticality. Considerable attention
has been focused in this area, evident by the dramatic improvement over the past decade.

(gross heat rate)
Efficient, well-tuned plants enable operators to detect abnormal trends and correct them early, and

therefore attention to thermal efficiency increases the margin of safety. It would take three new 1000-
megawatt units to generate the energy represented by the U.S. industry's thermal improvement performance.
And this gain is in addition to gains in unit capability factors.

(radiation exposure - BWRs)
This depicts the median annual collective radiation exposure in man-rem per unit for boiling water

reactors.

(radiation exposure - PWRs)
This graph shows collective radiation exposure for pressurized water reactors. The 1991 median

values for BWRs and PWRs continue the trend of reduced worker exposure and are a significant
improvement over 1990 performance.

(radwaste - BWRs)
Another indicator in which marked improvement can be seen is in the volume of low-level radioactive

waste. The U.S. industry has sharply reduced the volume of low-level radioactive waste, thereby reducing
the environmental impact of nuclear power.

The volume of low-level radioactive waste has been reduced at BWRs from 950 cubic meters in 1980
to 243 cubic meters last year.

(radwaste - PWRs)
The volume of low-level radioactive waste has been reduced at PWRs from 500 cubic meters in 1980

to 85 cubic meters last year.

As I mentioned at the beginning of my remarks, the power of information exchange cannot be
overstated. Sharing the performance indicator data in the U.S. has resulted in healthy competition within the
industry, and U.S. utilities have set and usually met challenging short- and long-term goals for the indicators.

The need to develop uniform definitions for wider international use was identified in the mid-1980s and
action to achieve a uniform set was begun in earnest in 1988. Representatives from UNIPEDE member
utilities, the IAEA, U.S. utilities, and other nuclear industry organizations participated in a review of
performance indicators in use around the world.

Out of those discussions came an enhanced set of performance indicators that now supports the
worldwide exchange of operating information and comparison of nuclear power plant performance. In 1989,
this set of performance indicators was adopted by the World Association of Nuclear Operators to gain the
benefit of worldwide communication, comparison and emulation, to monitor nuclear plant performance
worldwide.
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(NRC significant events graph)
INPO has not published significant event trends as an overall performance indicator, because we

would be both the judge and the jury. However, reducing the number and severity of significant events is
a goal in INPO's long-term plan. This trend graph was developed by the U.S. Nuclear Regulatory
Commission. It shows a decrease in the number of significant events per unit from over two per year in 1985
to about 0.5 per year in 1991, a four fold improvement.

There is one other measure of the operational performance of U.S plants I would like to mention. As
many of you are aware, INPO was formed by the United States' nuclear utility industry after the TMI Accident
in 1979 to promote the highest levels of safety and reliability—to promote excellence — in the operation of
nuclear electric generating plants.

I n 1989, on the tenth anniversary of TMI, INPO issued the Report of the Nuclear Utility Industry
Responses to Kemenv Commission recommendations. The report describes the nuclear industry's
vigorous progress toward implementing the recommendations of the President's Committee on the Accident
at Three Mile Island (or the Kemeny Commission).

This Commission was formed by the President of the United States, with the mandate to...

«make recommendations to enable us to prevent future nuclear accidents.-

Upon receiving a copy of our progress report, Dr. John KEMENY, who chaired the committee, issued
a statement that read in part:

«A decade ago I had the privilege of chairing the President's Commission on the Accident at TMI. We
had no idea whether our recommendations would make a difference. But a 1989 report from the
Institute of Nuclear Power Operations clearly shows that our recommendations have stood the test of
time and served as a significant catalyst for change. The improvements over the past decade have
been impressive and reassuring."

INPO has a staff of around 440, including approximately 50 employees on loan from our 48 member
utilities and participants. We also have approximately 15 liaison engineers on loan from our international
participants. Over the years, INPO has conducted over 160 technical exchange visits with its international
participants that have served to expand the base of operating experience knowledge.

We at INPO are proud to have helped contribute to the industry's progress over the past decade. In
essence, the U.S. industry has putThree Mile Island behind it. But the Kemeny Commission recommendations
continue to serve as a reference and reminder that we cannot become complacent.

Let me also add that U.S. nuclear utilities are members of the World Association of Nuclear Operators
through the WANO-Atlanta Center and have been strongly supportive of its activities. All U.S. utilities were
represented at WANO's Inaugural Meeting in Moscow in 1989. U.S. utilities have been enthusiastic
supporters of.the WANO Performance Indicators and they have been active in technical exchange visits
through the WANO-Atlanta Center.

The second broad area I would like to discuss today is the future prospect of new nuclear power plants
in the United States. In 1990, the U.S. nuclear industry took an important step to preserve the nuciear option
in the nation's energy future. The Nuclear Power Oversight Committee (NPOC), the U.S. nuclear industry's
highest policy organization, published a comprehensive "Strategic Plan for Building New Nuclear Power
Plants."
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Its goal is to: •

«enable the U.S. nuclear power industry to be in a position to order new nuclear plants by the mid to
late 1990s for commercial operation by the turn of the century or shortly thereafter."

In July 1989, the President of the United States had directed the Department of Energy to prepare a
National Energy Strategy that would ...

-balance our increasing need for energy at reasonable prices, ourcommitment to a safer and healthier
environment, our determination to maintain an economy that is second to none, and our goal to reduce
dependence by ourselves and our friends and allies on potentially unreliable energy suppliers."

It was clear that electricity from nuclear energy was to be included in the National Energy Strategy,
and the industry's Strategic Plan was developed to complement the National Energy Strategy. The National
Energy Strategy was made public by the U.S. Department of Energy and the President in February 1991. The
industry's Strategic Plan was first published in November 1990.

It's important to note that all U.S. nuclear utilities support the principles outlined in the industry's
Strategic Plan, even if their own need for additional generating capacity is not evident.

Specifically, the NPOC strategic plan's 14 building blocks cover the following topics:

1) Current nuclear plant performance, which entails maintaining and improving the high safety
and reliability performance of operating plants.

2) Predictable licensing and stable regulation, to assure that regulatory processes are in place for
site approval and design certification, and for construction, startup and commencement of
full-power operations. This also covers seeking a regulatory process that assures safety and
environmental protection, and that encourages industry self-improvement initiatives, public
confidence and reasonable electrical cost.

3) ALWR f Advanced light waterreactor) utility requirements, which includes obtaining NRC approval
of ALWR Requirements Documents, and assuring the ALWR designs meet the intent of those
documents.

4) NRC design certification of ALWR designs.

5) Siting, which covers obtaining NRC approval of suitable sites for new nuclear plants either
through early site permitting or through a combined construction and operating license.

6) Firsf-of-a-kind engineering, which would complete engineering on certified designs in sufficient
detail to define firm cost estimates and to prepare for construction of ALWR plants.

7) Enhanced standardization bevond design, which would improve operational reliability and
cost.

8) Enhanced public acceptance, both of nuclear power as a national energy option and of
potential plant sites.

9) Clarification of ownership and financing, which would develop a structure that reasonably
compensates investors and lenders for associated risks.
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10) State economic regulatory issues, including predictable and stable handling of permitting and
financial matters.

11) High-level radioactive waste, which includes a permanent repository for spent fuel disposal and
a temporary monitored retrievable storage system.

12) Low-level radioactive waste, that entails assuring the availability of low-level nuclear plant waste
disposal capacity.

13) Adequate, economic fuel supply, assuring a continuing stable and economic supply of nuclear
fuel, and

14) Enhanced governmental support, including laws, regulations and programs that encourage the
construction and operation of new nuclear plants.

Let me mention a few activities related to these building blocks that indicate the progress made in the
year and a half since the Strategic Plan was unveiied.

Since future prospects for the U.S. nuclear industry are predicated on how well existing plants
continue to operate, I will begin with Building Block One — maintaining and improving the high safety and
reliability performance of operating plants.

As I discussed earlier, the U.S. nuclear energy industry has placed great emphasis on Building Block
One, Current Plant Performance, through the establishment of INPO, and through its commitment to and
support of INPO programs.

Under Building Block Four, U.S. industry and government have undertaken a cooperative program
to achieve the goal of NRC certification of advanced light water reactors designs. Two tvpes of ALWRs are
under development: evolutionary units of large output (1,300 megawatts) and more advanced passive units
of mid-sized output (600 megawatts). Applications for certification have been submitted to the U.S. NRC for
two evolutionary designs, and applications are scheduled to be submitted this summer for two passive
designs.

The U.S. Department of Energy and the Advanced Reactor Corporation, a utility industry corporation,
have signed an agreement for a cost-shared program to develop «first-of-a-kind» engineering for new
standardized nuclear plant designs. This is Building Block Six.

This engineering will translate the conceptual design that the NRC needs for certification into
engineering that can be used to project schedule and cost estimates for building an advanced nuclear power
plant.

The U.S. nuclear industry has assigned INPO lead responsibility for Building Block Seven, -Enhanced
Standardization Beyond Design.- This entails developing standardized approaches to operations, training
and many other areas for the next generation of nuclear power plants. The three goals of this building block
are to:

• establish a framework and oversee a model for operational standardization of a family of plants;

• develop standardized operational elements for uniformity in the organizational structure;
administrative controls; and startup, operating and maintenance practices; and

• develop an approach to maintain the standard design and design intent in all units of a family
of plants over their lifetimes.
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INPO's interest in new nuclear plants is driven by four strong convictions:

• first and foremost, that lessons learned from operating experience of the current generation of
plants must be factored into the design of new plants at an early stage;

• that standardization — thoughtfully applied and rigorously adhered to within families of plants
— provides a stronger foundation for operational excellence;

• that examination of new approaches for new plants will also reveal opportunities for improvement
of existing plants;

• and finally, that work toward a new generation of nuclear plants will brighten the future prospects
for the people the industry needs to attract and retain to lead it into the 21st century.

Looking ahead, I believe the next generation of nuclear power plants will actually be families of
standardized plants — maybe four or six or more plants within a family. In the long run, I foresee several
suppliers providing the nuclear steam supply systems for different families of plants. And I believe these
families will be built by groups of utilities and other investors, rather than by one utility, as has been the past
practice in the U.S.

Significant advances have been made on several other building blocks of the Strategic Plan. When
viewed in the aggregate, it's clear that there is considerable momentum developing for the prospect of a new
nuclear plant order in the U.S.. However, I cannot give you a good forecast for exactly when this will occur
because we still have a lot of work to do on the building blocks in the Strategic Plan.

In closing, Winston Churchill once said,

«The farther back you look, the farther forward you are likely to see.»

As we look back at the improvements the U.S. nuclear inductry has made over the past decade, there
is reason to look ahead expectantly toward the future.

Let me state again that the success the U.S. nuclear industry has achieved is due in part to international
information exchange opportunities such as this conference. International technical exchange visits have
also been valuable to the U.S. nuclear industry. Additionally, performance indicator results from UNIPEDE
member countries inspired the U.S. industry to set more challenging goals for its own performance. When
U.S. utilities saw what other countries had been able to achieve — such as Sweden's low radiation exposure
and low generation of radioactive waste — it served as a strong motivator.

Though we weren't aware of it at the time, we were actually carrying out the WANO mission. As the
best results of European plants were communicated. U.S. utilities compared their own performance and
sought to emulate the achievements of the best plants in Sweden, France, Germany, Japan, and many other
countries. •

Thank you for the high performance and safety standards you have set, and thank you for inviting me
to be part of this conference •
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THE FUTURE ROLE OF NUCLEAR POWER IN GLOBAL ENERGY

by Robert G. SKINNER, Director Long-Term Co-operation & Policy Analysis
IEA/OECD

Introduction

Thankyou Mr. Chairman. The IEA is pleased to participate in this conference on nuclear plantoperation.
I join the Executive Director of the IEA, Helga Steeg in congratulating UNIPEDE on holding this important
conference.

The organizers have asked me to provide the lEA's view of the role of nuclear power in the future global
energy scenario as we see it.

Let me stress at the outset that on the subject of nuclear, a unified «IEA view» is impossible to achieve.
For the communiques for our Ministerial meetings, no other paragraph takes so long or generates so much
emotional debate as does the discussion of nuclear power. The range of views is broad, indeed. We have
some countries that have nuclear and think everyone should have it now. We have countries that have nuclear
but are wondering whether to have more; there are those who want to close the nuclear stations they have;
there are those who used to have nuclear plants but have closed them early; those who do not have nuclear
and say they do not need it; and finally we have countries that do not have nuclear, do not want it and believe
no one else should have it either.

The future of nuclear will be bleak if present nuclear units are not operated safely and cost-effectively.
They must be seen as such by the public. The efforts of INPO and WANO, as well as those of IAEA and
UNIPEDE, and conferences like this, play an important role in the transfer of best practices to improve the
industry's performance and image world-wide.

When public trust has been earned, when the concerns the public has about health, safety and waste
disposal have been answered, when nuclear can compete cost effectively with alternatives, when
governments' regulatory policies towards nuclear have been rationalised—then we might see a renaissance
for nuclear power. But it will not be easy to satisfy these conditions. An expanded future role for nuclear is
not assured.

What I would like to do in the next few minutes is examine the forces that will shape our energy future,
and in it the role of nuclear. My principal messages are:

• The future will not be like the past. The world has fundamentally changed; new pressures on
global energy markets send mixed signals for nuclear.

• . For nuclear to have a future it must deal with its past. Much of the challenge is before us now
and it is in Eastern Europe and the Former Soviet Union.
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World Energy Outlook

The lEA's most recent world energy outlook is what I would call a rather conventional one. We are
currently up-dating and revising it because so much has happened to call into question some assumptions.
And unforecastable events have rendered even the starting point obsolete! Overall, however, the principal
directions will likely hold; namely:

• within 15 to 20 years the world will be consuming 30-50% more energy than it does today;

• the non-OECD world will be consuming the largest and most rapidly expanding share—already
equal to half;

• the share of oil among fuels will decrease as it retreats to its core markets, transport and
chemicals, where few substitutes exist, but we will still need between 15 and 20 Mbd more
supply by 2010 (equivalent to another 4 to 5.5 North Sea's oil production);

• natural gas's share will increase greatly, mostly in electricity generation; in the UK this is referred
to as the dash for gas. On the other hand, Malcolm EDWARDS, the former head of marketing
for British Coal describes it; "the dash to the edge of the cliff";

• electricity will continue to be the fastest growing form of energy demand.

We see four major sensitivities or pressures that will influence energy demand:

• economic growth — in the near term, we have a recession that is reluctant to go away.

• oil prices — although oil markets are currently fairly tight, the downward pressures on oil prices
seem to outnumber the upward ones. Most forecasts tend to place significant upward price
movements towards the end of the century or beyond.

• environmental policies — their general effect will be to increase energy costs, thereby slowing
the rate of increase in energy demand. Nevertheless, they are unlikely to reduce total demand,
despite the enormous reliance that most governments have placed on energy efficiency to
achieve their environmental goals, especially in reducing CO2 emissions.

• Developments in Central and Eastern European Countries fCEEC^ and the Newlv Independent
States (NIS^ of the former Soviet Union - this is an area of great uncertainty. This region is a
significant energy producer and consumer. In the short-term the strategic question may be
which will fall faster — energy demand, or energy supply. They appear to be equally in free fall
at the moment. In the longer term the question may be which rises faster. The implications of
what is going on here for the rest of the world must not be underestimated. And, for the world's
nuclear industry, the most important issue is the operating safety of Soviet-designed reactors.

Each of these factors has an influence on the prospects for nuclear: in particular, low economic growth
will result in lower electricity demand, and lower oil prices will keep natural gas prices low. Lower gas prices
raise demand, and thereby promptquestions about supply for this fashionable fuel in the medium- to longer-
term. But, low gas prices also potentially reinforce gas's position as one of nuclear's major future competitors.

It is the characteristic of the services that electricity provides that assures its growth. With the end of
the Cold War, relatively suddenly there are hundreds of millions of people in the world with the prospect of
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access through modem consumer goods and appliances to the conveniences provided by electricity —
access previously denied to them by central planning.

Nuclear Power Prospects — Three Regions

I see the world's nuclear power as divided into three worlds. Each is inextricably bound to the others
through the common need to earn or retain public trust. These three worlds are: the developing world; the
former Soviet Union and Eastern Europe; and the OECD plus two non-OECD players, South Korea and
Taiwan.

What are the needs in each of these categories for nuclear to have or retain a future? The developing
countries, which have less than 2% (as defined here)1 of the world's nuclear capacity, will need assistance
in the form of training, direct aid, technology and know-how, and safeguards. In this regard the nuclear power
programmes in countries like Cuba, Brazil, India, China and Iran could pose their own special challenges.
Sharing lessons with countries like these not only helps address their energy problems, but also serves our
own interests in avoiding accidents and minimizing incidents in this industry.

The second nuclear world, the Eastern European countries and the former Soviet Union, represents
an enormous potential. But that potential is only exceeded by the immediate risk posed by the area's existing
nuclear power plants. As a start, their entire Electric Supply Industry needs "fixing- to bring it to acceptable
levels of efficiency, environmental performance, reliability and safety in particular. Again, money, managerial
know-how, and, to a lesser degree, technology transfer will be needed.

....._ There is enormous potential for increased energy efficiency in this region and moving to market prices
will help achieve it. There are significant political constraints, however, in doing so. Restructuring will have
a great effect on energy use. In our energy policy surveys of some of these countries, we have seen rapid
demand responses to market-based prices. Consumption is declining — energy intensity is reversing its
upward trend (Note: reversing not improving, as both energy consumption and economic output collapse).

The short-term nuclear safety considerations are, as noted earlier, of greatest urgency. This July, G-7
leaders will most likely address how best to deal with this monumental task.

There are currently dozens of activities underway to assist in this effort. Some are through multilateral
and bilateral channels, through industry associations and safety authorities. Several utilities are very active
as well. This expresses, on the one hand, legitimate commercial interests, but also an earnest attempt by
Western interests to assist this region with its nuclear plants. It is also an expression of the justified concern
that another serious accident like Chernobyl would deal a major if not fatal blow to the already faltering public
trust in nuclear in the West.

All the more reason to ensure that this effort is effective and does not degenerate into confusion,
duplication of effort, and mixed signals for our friends in the East. It needs a competent, cool and coordinated
approach. It needs to address more than just safety retrofits, refurbishments and potential closures of the
worst reactors. It requires a critical analysis of the whole energy system especially the effects of economic
restructuring on electricity demand, as well as the potential for rapid efficiency gains and fuel switching. Only
through such a comprehensive energy systems analysis can we be assured that the least cost approach is
taken.

South Korea has 9 reactors with 7.2 GWe of capacity and Taiwan has 6 reactors with 4.9 GWe: together these
account for 67% of the Developing World (non former CMEA and non-OECD) nuclear capacity.
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The Russian Government and others are apparently intent on re-launching their nuclear programmes.
In terms of safety, reliability and efficiency it will have to be better than in the past. And it is in the interest of
the Western nuclear industry and electrical utilities to ensure that it is.

This brings me to the «third nuclear world*, the OEOD plus a few others such as South Korea and
Taiwan. Here we need to look in the mirror. France, Japan, and South Korea in particular have in place
successful, large-scale programmes in which they so far have been able to bring units on line regularly and
economically. For most of the other countries, that is not the case. Countries have either decided not to
pursue nuclear because they think it is unsafe, or their programmes are stalled for reasons of public image,
political indecision, costs, or regulatory impediments. A dominant factor is the image of the nuclear industry
in the public's eyes. This needs to be repaired, as we all know—and where it is still relatively positive, it needs
to be sustained. The public needs to be assured that nuclear works reliably, economically, and safely.
Nuclear's future is much like that of a politician thinking of running for public office: to have a future, he or
she must be first able to demonstrate a clean past.

Figure 1 shows how nuclear power has developed worldwide since the early 1950s, showing
cumulative and annual totals. (This does not consider retirements or downgrading, so the cumulative bars
are slightly inflated.) Since additions peaked in 1985 at around 36 GW per year, they have declined steadily
to between 10 and 15 GW per year today. This number will decline further in the 1990s.

Figure 1
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Environmental Considerations

Of the several factors influencing our world energy outlook, the two factors of greatest significance for
the nuclear industry are the CEECandNIS and the deveiopments in relation to the environment. I have already
discussed the former. They are interrelated. For example: the concern about climate change and CO2

emissions tends to favour nuclear and other non-carbon based energy sources, as well as natural gas. Other
factors also favour gas in power generation, including lower growth rates in electricity demand, lower
construction costs and fewer siting problems than for other fuels. Yet, the bulk of the world's gas resources
is in the Former Soviet Union (FSU) and the Middle East. One of the ironies of the revolution in the FSU is that
the risks and therefore the costs of developing its resources have increased dramatically. Consequently,
though all signs point to a major expansion in gas-fired generation, the costs and reliability of its supply
remain as concerns. As with security of supply of oil, I would underscore the importance of fuel flexibility and
diversification of sou rces of su pply as strategic policy responses to these new circumstances for natural g as.
Diversification of supply is made even more relevant when we add the challenge posed by environmental
concerns, especially global climate change.

The riskof rapid climate change due to the greenhouse effect, enhanced by CO2emissions is a strong
argument for maintaining the nuclear option. Nuclear, in my personal view, is perhaps the only energy form
whose cost begins to internalize environmental costs including intergenerational environmental costs. But
for nuclear to have an assured role, the public's concern about safety, decommissioning and waste disposal
or, as I prefer to see it, "management o1spent fuel" must be addressed. We can not count on the greenhouse
issue alone to be the basis for a significant turnaround in nuclear's prospects.

As shown in Figure 2, the OECD has been the major source of CO2 emissions, and as of 1989 these
countries accounted for 66% of cumulative carbon emissions. On the other hand, as shown in Figure 3, the
larger share of future CO2 emissions will come from the developing world, where the policy response is likely
to include strong doses of technology transfer to improve the efficiency of fossil-fuel-based electricity
generation as well as of consumption. It is unlikely that nuclear can play a major role in the developing world
in the medium-term for reasons of capital availability, infrastructure and suitability to meet the actual energy
services required by these countries.

Figure 2
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Figure 3
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Carbon Taxes

The greenhouse issue has generated much discussion about carbon taxes. No doubt, they could
improve the relative economics of nuclear power. Some OECD countries have already imposed such taxes.
Others are considering a range of policy instruments, including carbon taxes, but because of the possible
negative impacton their international competitiveness, most are reluctantto introduce such taxes unilaterally.

The !EA is analyzing the effects of various policies, including taxes, aimed at reducing C02 emissions.
Models used to evaluate the impact of policies are imprecise and variable: different models produce widely
different projections of C02 emissions between regions. Even the same model can generate significantly
different estimates for relatively small differences in assumptions for exogenous factors such as population
growth rates or the rate of autonomous energy efficiency improvements. Results of such modelling must
therefore be considered in the context of the assumptions used.

With this in mind, some preliminary observations can nevertheless be made about the implications for
nuclear, based on studies and modelling of carbon taxes, including studies by the IEA and the OECD
Economics Department (using the GREEN model):

• To be effective, carbon taxes have to increase with time.

• There is a wide range of estimates of GDP losses which would be incurred by around 2050 for
the OECD countries of securing sizable cuts in their C02 emissions. During the adjustment
period, the costs (including social adjustment costs) could be large.

• Eliminating energy subsidies, the vast majority of which exist outside OECD countries, would
result in significant reduction in emissions while yielding net economic benefits, especially
outside the OECD region.

• The availability of backstop technologies and opportunities for fuel substitution are key: if non-
fossil fuel options are not included, the upper limit on the tax required rises. The cost and
availability of low-carbon or carbon-free technologies is critical in limiting the level of tax
required.
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This last point is crucial for governments to consider in the face of continued growth of electricity
demand and given the uncertain magnitude of responses to energy efficiency policies. Let me put it simply.
If OECD countries rule out nuclear, then the costs of achieving emissions reductions through carbon taxes
alone will be higher than otherwise. The choice of fuels for electricity generation is already limited in most
OECD countries, primarily because siting of any major power facility faces major barriers. If we have such
a thing as a -limited resource" in the OECD, it is "Sites- for power plants and transmission lines.

Much emphasis will be put on renewable sources of energy to address environmental goals. The IEA
has been evaluating their actual and potential contribution. We estimate that there are nearly 18 GW of
renewable-based generating capacity other than hydroelectric in the OECD. This is about 1% of total
installed electrical capacity. Most is in North America and the bulk is based on biomass, such as wood and
wood waste. Putting aside whether or not this is actually renewable, the potential is much greater, and could
contribute between 5 and 10% of electricity in the OECD by 2005, possibly more beyond that time depending
on technology change. Clearly, though, renewables cannot do it alone.

The other point of light is conservation and energy efficiency, Our studies show that great potential
exists for improved energy efficiency in both the production and end-use of electricity (Table 1). But there
is a great difference between technical potential and actual market potential. Renewables and efficiency
cannot do it alone or in combination.
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Table 1

Energy Efficiency Potential: Summary of Opportunities and Barriers

Residential
Space Heating
and Conditioning

Residential
Water Heating

Residential Refrigeration

Residential Lighting

(A)
Estimated

Share of Total
Final Consumption

11.4%

3.4%

1.1%

0.6%

Commercial Space Heating 6.1%
and Conditioning

Commercial Lighting

Industrial Motors

Steel

Chemicals

Pulp and Paper

Cement

Passenger Cars

Goods Vehicles

1.5%

4.5%

4.1%

8.4%

2.9%

0.1%

15.2%

10.1%

(B)
Estimated

Share of Total
CO2 Emissions

11%

3.6%

2.1%

1.2%

6.8%

3.4%

9.0%

4.6%

5.9%

1.2%

0.9%

13.7%

9.1%

(C)
Total Energy

Savings
Possible1

10/50%

Mixed

30/50%

over 50%

Mixed

10/30%

10/30%

15/25%

10/25%

10/30%

10/40%

30/50%

20/40%

(D)
Existing

Market/lnst.
Barriers2

Some/Many

Some/Many

Many

Many

Some/Many

Some/Many

Few/Some

Few/Some

Few/Some

Few/Some

Few/Some

Many

Some

(E)
Potential Energy

Savings Not
Likely to be Achieved3

Mixed

Mixed

10/30%

30/50%

Mixed

Mixed

0/10%

0/15%

0/20%

0/10%

0/10%

20/30%

10/20%

How to read this table: For example, for lighting, over 50% per unit savings would result if the best available technology were
used to replace the average lighting stock in use today over the next ten to twenty years. Some of these savings would take
place under existing market and policy conditions. But due to the many market and institutional barriers, there would remain
a 30-50% potential for savings that would not be achieved.

1. Based on a comparison of the average efficiency of existing capital stocks to the efficiency of the best available new
technology. This estimate includes the savings likely to be achieved in response to current market forces and
government policies as well as those potential savings (indicated in Column E) not likely to be achieved by current efforts.

2. Extent of existing market and institutional barriers to efficiency investments.

3. Potential savings (reductions per unit) not likely to be achieved in response to current market forces and government
policies (part of total indicated in Column C).

4. Energy use only.
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Conclusion

In conclusion, we will need renewables, but we will also need natural gas, oil and coal. And we will
need nuclear. For it is an important part of the mix, contributing to diversity of supply, which in my view is a
key policy element for achieving both security of supply and environmental objectives.

Meanwhile, we would be less than honest with ourselves if we were not to acknowledge the strong
opposition to nuclear. Nuclear faces perhaps the biggest challenge in its history. The latest IEA review of
member states" energy policies shows that nuclear's share of electricity production in the IEA countries has
reached a peak - its share, recently at 24% of total electricity generation, is expected to fall to 22% by the
end of the century. Annual capacity increments peaked in the 1980s and there has been a steady decline
since. The question for everyone: Is this peak merely the end of the first stage of nuclear's development, with
higher peaks still to come? Or, rather than a. peak, is it Hie. peak in the development of nuclear power? The
answer is, to a large extent, in your hands. I, for one, am confident that this is only a temporary peak •
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CLOSING REMARKS

by Bruno D'ONGHIA, Deputy Executive Director
UNIPEDE

Ladies and Gentlemen,

It is an honour for me to have been called upon to close officially, on behalf of Mr. Pedro Rivera Torre,
the President of UNIPEDE, this first UNIPEDE Nuclear Conference. It is also a pleasure for me, firstly as
Deputy Executive Director of UNIPEDE and secondly as an engineer having spent a great deal of his
professional life in the field of nuclear technology.

I would like first of all to make a few observations on the themes and debates of our Conference.

I think all those who have been working for years, sometimes decades, in this field can rightly feel
frustrated. They feel they have fully completed their side of the bargain: the installations they helped to build
generally behave remarkably well; in Western Europe, nuclear energy in 1991 generated over a third of
electricity, thus representing the main primary energy source for the second consecutive year; in generating
over 600 TWh of nuclear origin, this avoided emissions of 150 million tonnes of carbon in the form of CO2 into
the atmosphere.

And yet the nuclear option has today been abandoned or shelved in most countries. The number of
units ordered between now and the year 2000 is likely to be close to zero, and so the nuclear contribution
to the overall energy balance will fall continuously, at a time when the risks linked to greenhouse effect should
lead to low or zero CO2 technologies being encouraged.

But there are solid technical reasons for being optimistic. Although the 1990s are going to be hard
times for nuclear, there is still no serious scenario for after the year 2000 which does not incorporate this
primary energy source to a considerable extent. We have just heard Mr. Skinner on this subject.

Whether nuclear energy picks up again or not depends on many factors which are to a large extent
outside our field of responsibility and beyond our control: changing public opinion, decisions by the
authorities, greater knowledge of greenhouse effect, etc. But there is one basic priority condition which
depends on us and which inspired the theme of this conference: it is essential that the operating results of
the existing power stations maintain the level of excellence they have now reached. If availability levels were
to fall, or if relatively serious accidents were to occur anywhere in the world, then the chances of nuclear
picking up again could be irrevocably compromised.

This is an objective which is perfectly within our grasp. But we must not be over-optimistic. The years
to come could be more difficult than those behind us- installations are like men, unfortunately, they grow old.
If the operators want to achieve the ambitious objective set by this Conference, to maintain and improve
operating results, they will need to be even more vigilant and make even greater efforts.
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In this field, international organisations have a very important role to play, and they also have
responsibilities. I am pleased to note that all the international organisations in the nuclear field are
participating at this Conference in order to ensure its success: the IAEA, the OECD Nuclear Energy Agency
and International Energy Agency, WANO, and our American colleagues in INPO.

The ambition of UNIPEDE itself is to remain a permanent and irreplaceable forum on which nuclear
operators can exchange their ideas and experience, thus allowing each to benefit from the knowledge and
errors of the others. This Conference is a real example of the objectives UNIPEDE has set itself in this field.

I hope that the climate of greater competition which is progressively being introduced in Europe
between the electricity supply undertakings will never go so far as to jeopardise this solidarity and desire for
cooperation between the nuclear operators which, once again, is an essential factor for safety.

Having said this, it is now time for me to come to the pleasant side of my task, which is to thank all those
who contributed to the success of this Conference.

First of all, a big thank you to the Swedish nuclear industry in general, and Vattenfall in particular, for
being our hosts. We must congratulate our Swedish colleagues for their perfect organisation and for the
warmth of their welcome. I will mention just one name to represent them all, that of Lars Gustafsson.

I would also like to thank all those who, in contributing to the technical sessions and round tables, gave
their time and energy to ensure the success of the Conference. They are far too many for me to be able to
thank them individually; I will just mention two speakers who made brilliant contributions to the Closing
Session, Dr. Zack Pate from INPO and Dr. Robert Skinner from the IEA.

Although Lars Gustafsson has already done so, I feel I must emphasise the high quality of the
interventions again. A set of proceedings will be published within a few months.

But we would not have been able to work under such excellent conditions and benefit from our leisure
time without those who, in Vattenfall and in the UNIPEDE Secretariat, were responsible for organising this
Conference. So a big thank you too to Mrs. Lena Moden of Vattenfall and Miss Laurence Kostaniantz of
UNIPEDE.

Finally, I would like to thank the interpreters who, with their usual dexterity and competence, made
order out of our many languages and accents.

Ladies and Gentlemen, I hereby declare closed the first UNIPEDE Nuclear Conference, and ask you
to join me in thanking and applauding the organisations and individuals 1 have mentioned.
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