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The drawing on the fro n t cover exem plifies the essential systems o f a nuclear 
pow er p lan t w ith  a pressurized w ater reactor.
The photograph is a view of part o f the contro l room  o f the Loviisa Nuclear 
Power S tation  (by courtesy o f Im atran V o im a  O y , F in land).
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FOREWORD

The International Conference on Current Nuclear Power Plant Safety Issues, 
held in Stockholm from 20 to 24 October 1980, was convened by the International 
Atomic Energy Agency in the aftermath o f the Three Mile Island accident. The 
sessions o f the conference were opened in the Folketshus Congress Centre by 
His Excellency, Mr. Carl Axel Petri, the Swedish Minister o f Energy, and 
Dr. Sigvard Eklund, the Director General of the IAEA.

The conference was held in order to assess and clarify the status and develop
ment of current nuclear power plant safety issues, provide a forum for a world
wide exchange of safety information and show ways o f further improving safety. 
In general, the conference achieved those objectives. Safety issues such as plant 
operation, plant siting, emergency planning, small-leak loss-of-coolant accidents 
and other important issues were assessed thoroughly in numerous presentations 
and panel discussions. The information exchange on nuclear safety was world
wide and also involved transfer of knowledge and philosophies from one industry 
to another, from the expert to the decision-maker, from the expert to the public 
and vice-versa. The 108 presentations, given by representatives o f a wide range 
of countries, both industrialized and developing, illustrated the east-west and 
north-south dimensions o f  the conference.

There was wide agreement as to essential developments required for 
maintaining and further improving the safety of nuclear power plants and a 
consensus that no step changes are needed in the approaches but rather a strength
ening and harmonization o f current efforts. Most importantly, recent progress 
in nuclear safety is reflected in the increased qualification and training o f plant 
operators. Also, the aspects o f  teamwork and operational management as well 
as the proper role o f the human being and automated systems are now better 
understood, better defined and more strictly enforced. A high-light in the 
discussion here was a presentation of relevant airline practices.

Some 600 participants from 44 countries and 11 international organizations 
attended two levels o f sessions, plenary and technical. The major topics o f  the 
ten plenary sessions were:

Evaluating operating experience 
Operational safety 
Siting policy 
Designing for safety 
Emergency planning
Possibilities for international co-operation.

After two introductory presentations and a panel reviewing and defining 
the safety issues the above subjects were debated in 23 papers and in ten panel



discussions. The concluding panel summarized the trends evident from this con
ference. Eleven parallel technical sessions provided a forum for more specific 
and topical support to the plenary subjects and detailed coverage o f some o f the 
safety issues. Eighty-three papers covered the subject areas of:

Radiological protection
Licensing and regulation
Risk assessment
Small-leak loss-of-coolant accidents
Advanced safety systems
Instrumentation requirements.

The proceedings are published in three volumes. The first volume contains 
the plenary presentations and comprehensive reports o f the panel discussions 
that concluded each plenary session. Summaries o f the technical sessions and 
a record o f the concluding panel o f the conference complete this volume. 
Volumes two and three contain the papers and discussions from the technical 
sessions.

The holding o f  the conference appeared well-timed. After the Three Mile 
Island accident the safety aspects o f  virtually all nuclear power programmes had 
been submitted to conscientious review. As a result many ideas were presented 
showing how nuclear safety is being and will be further improved. At the same 
time the nuclear experts assessed ways to assure and convince a largely non
expert, and sometimes doubting, public o f the high level o f safety o f  nuclear 
power. Dr. Eklund closed the meeting with a statement in which he pointed out 
the importance o f nuclear safety as an element in winning the public’s acceptance. 
He concluded that the presentation o f issues at the conference would further the 
cause of international co-operation in nuclear safety; nuclear power had an 
unequalled past record, no member of the public having been seriously harmed 
by radiation from nuclear power generation. The additional safety efforts are likely 
to make nuclear power an ever more attractive energy option in the future, both 
in the industrialized and in the developing world.

The success of the conference was greatly enhanced by the generous and 
efficient support o f  the host country, Sweden. The International Atomic Energy 
Agency, in the name o f all conference participants, expresses its sincere thanks 
and appreciation to the Government of Sweden and the City o f Stockholm for 
the generous hospitality and the excellent facilities provided for the conference. 
The Agency is particularly indebted and grateful to the Swedish Organizing 
Committee for the Conference and its Chairman, Dr. Hans Lôwbeer, for untiring 
support before and during the conference. The support o f the experts from 
Member States in the Advisory Group for the preparation of the Conference 
and in the drafting committee for summarizing the various panels is greatly 
appreciated.
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IAEA-CN-39/1.2

ELEMENTS DE REFLEXION 
SUR LES PROBLEMES ACTUELS 
DE LA SURETE NUCLEAIRE

J. TEILLAC
Commissariat à l’énergie atomique,
Paris,
France

Abstract-Résumé

REFLECTIONS ON CURRENT NUCLEAR SAFETY PROBLEMS.
A fter operations totalling m ore than  2000 reactor-years, the safety balance is undeniably 

positive: no  nuclear pow er p lant in the  world has so far caused significant damage to  populations 
o r to  th e  environm ent. The paper reviews the  darker and brighter aspects o f recent analyses, 
in particular since the Harrisburg accident, and suggests three  general lines o f action: m aintenance 
o f a high level o f  technical com petence in safety, system atic analysis o f operational incidents 
and, finally, increased a tten tion  to  th e  “hum an factor” as regards b o th  the m an/m achine 
relationship and the  training o f personnel. W ith regard to  the  last-m entioned p o in t, it is suggested 
th a t the greatest possible p rofit should be drawn from  the tests carried ou t a t the  tim e o f p lant 
commissioning. In ternational collaboration is particularly necessary b o th  to  ensure progress in 
the technical aspects o f  safety and to  place the credibility o f specialists on a firm er foundation . 
F inally, it is essential to  assist countries which are em barking on  nuclear pow er program m es. 
Nuclear safety is n o t always correctly perceived by public  opinion, w hich will no t definitively 
accept this new source of energy w ithout having com plete confidence in those who are prom oting 
it. A clear and firm  position  on the  p a rt o f  those in positions o f political responsibility is an 
im portan t elem ent in gaining public confidence.

ELEMENTS DE REFLEX ION SUR LES PROBLEMES ACTUELS DE LA SURETE 
NUCLEAIRE.

Après un  fonctionnem ent cumulé supérieur à 2000 années-réacteurs, le bilan de la sûreté 
est incontestablem ent positif: aucune centrale nucléaire dans le m onde n ’a, ju squ’ici, 
en tra îné  de dom mages significatifs pour les populations e t l’environnem ent. Le m ém oire passe 
en revue les poin ts d ’om bre e t de lumière qui ressortent des analyses récentes, no tam m ent après 
l’accident de Harrisburg, puis suggère tro is orientations générales: l’en tre tien  d ’une haute 
com pétence technique en sûreté, l’analyse systém atique de tous les incidents d ’exploitation , 
enfin  une a tten tio n  accrue au «facteur hum ain», tan t pour la conception de l’interface hom m e- 
machine que pour la form ation  du personnel. Pour cette dernière, il est suggéré de tirer le plus 
grand p a rti possible des essais effectués au m om ent du  démarrage des centrales. La collaboration 
internationale est particulièrem ent nécessaire tan t pour faire progresser les conceptions techniques 
de la sûreté que pour asseoir plus largement la crédibilité des spécialistes. E nfin, elle est 
essentielle pour aider les pays qu i s’engagent dans un  program m e de centrales nucléaires. La 
sûreté nucléaire n ’est pas tou jours correctem ent perçue par l’opinion publique qui n ’acceptera 
définitivem ent cette nouvelle source d ’énergie que dans la m esure où elle aura confiance dans 
ses p rom oteurs. Une position  claire e t ferm e des responsables politiques est u n  élém ent 
im portan t de confiance du public.
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4 TEILLAC

Toute réflexion sur l'état actuel de la sûreté des centrales 
nucléaires ne peut que commencer par le rappel d'un constat objectif : 
jusqu'à présent, aucune centrale nucléaire n'a entraîné de dommages 
significatifs pour des personnes du public ni pour leur environnement. 
Ce bilan qui porte sur une durée supérieure à vingt ans, sur près de 
trois cents unités, et sur un fonctionnement cumulé supérieur à deux 
mille années - réacteurs, est incontestablement positif, et peu d'autr 
activités industrielles seraient en mesure d'en présenter un semblable.

Il faut y insister. Des études approfondies ont été faites ces 
dernières années sur les risques comparés des différentes technologies 
de production d'énergie, depuis l'extraction du combustible primaire 
jusqu'au fonctionnement des centrales. Bien sûr elles comportent de 
larges marges d'incertitude, mais un fait est clair : la voie nucléaire 
pour la production d'électricité est celle qui provoque le moins 
d'accidents mortels par térawatt-hëure. Ces études permettent en effe 
d'estimer que la production cumulée au niveau mondial, d'environ 3600 
TWh,a permis d'épargner, depuis l'origine, plusieurs centaines ou 
plusieurs milliers de vies humaines selon la source d'énergie à laquell 
l'énergie nucléaire s'est substituée.

Mais une autre constatation différente et paradoxale se présente 
également dès l'abord : aujourd'hui, en dépit de ce bilan très encou
rageant, la sûreté nucléaire est encore mise en cause, et, dans de 
nombreux secteurs de l'opinion publique, parfois peut-être au sein de 
gouvernements, il subsiste pour le moins un doute profond sur l'accep
tabilité des risques liés aux centrales nucléaires.

Faut-il déduire de ce double constat que la sûreté nucléaire est 
condamnée à toujours faire davantage, et peut-être finalement à faire 
trop, faute d'avoir su convaincre ? Ne court-on pas après une ombre, 
l'ombre chimérique de la sécurité absolue ? Serait-il raisonnable 
d'inciter la sûreté nucléaire à s’engager sur la voie d'un perfec
tionnisme sans limites ?

Les quelques éléments de réflexion que je vais présenter sur ce 
sujet n'ont pas pour ambition de faire la synthèse de toutes les 
questions que l'on peut légitimement se poser sur la sûreté des 
centrales, mais d'attirer l'attention sur quelques problèmes 
actuels de la sûreté nucléaire.

J'espère que le premier résultat de cette conférence sera 
de définir les voies où doivent s'engager les travaux pour progres
ser efficacement. Je souhaite qu'elle puisse aussi contribuer à 
dissiper doutes et inquiétudes confuses et présenter une vision 
plus claire des risques encourus.

I. INTRODUCTION
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II. OMBRES ET LUMIERES

II. 1. Les points forts

Le bilan favorable sur ce que je viens d'évoquer n'a pas été 
démenti par l'accident survenu à Harrisburg l'année dernière en 
dépit des dommages matériels très importants et d'un préjudice 
financier considérable pour l'exploitant. Et, si l'analyse de cet 
accident a fait ressortir des faiblesses dans le fonctionnement, 
la logique et l'interface entre l'homme et les dispositifs de 
sécurité, elle n'a pas remis en cause mais au contraire a confirmé 
la validité des conceptions retenues pour la sûreté nucléaire.

Je vois deux raisons essentielles à l'origine de ce bilan 
positif : la principale doit être recherchée dans le fait que 
dès les débuts, et en parallèle avec les études de développement 
des techniques nucléaires, des programmes de recherche très 
importants ont été entrepris sur la sûreté de ces techniques.
Il n'est pas si fréquent de voir les préoccupations de sûreté 
précéder les utilisations industrielles. Pour les centrales 
nucléaires,il a très vite été reconnu que les dispositions de 
sûreté ne doivent pas venir se rajouter à une installation conçue 
par ailleurs, mais doivent s'intégrer à cette conception dès les 
premiers stades du projet. Il faut ajouter ici que ces préoccupa
tions doivent en outre,dans toute la mesure du possible,tenir 
compte des problèmes qui se posent au cycle du combustible en amont 
et en aval du réacteur. La sûreté nucléaire forme un tout.

La seconde raison provient de la qualité du travail réalisé; 
les recherches de sûreté déjà effectuées sur les centrales 
nucléaires représentent une somme de travail considérable dont 
l'ampleur est bien connue des experts mais souvent mal perçue 
par l'opinion publique. C'est parce que des spécialistes de toutes 
disciplines l thermodynamique, chimie, métallurgie, électronique, 
etc.) ont uni leurs efforts pour atteindre une bonne connais
sance des systèmes et de leurs défaillances éventuelles, qu'il 
est possible d'identifier les dangers potentiels avant qu'ils 
ne soient révélés par un accident et de définir les mesures 
appropriées pour prévenir ces accidents. Identification préalable 
des risques et définition des mesures préventives, plutôt qu' 
enquête après accident et corrections a posteriori, sont des 
objectifs que la sûreté nucléaire poursuit avec opiniâtreté en 
s'appuyant sur un tissu serré de connaissances scientifiques 
et techniques.

II.2 Les points d'ombre

Mais des points faibles existent aussi. Ils ont été projetés 
en pleine lumière à THREE MILE ISLAND. J'en citerai quatre
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principaux sur lesquels les divers rapports ont mis l'accent et qui 

ont suscité d'importants travaux au cours des mois écoulés :

. Un effort trop exclusif s'était porté sur les accidents 
hypothétiques les plus graves mais de très faible probabilité, 
à la limite du concevable. Des défaillances plus vraisemblables 
et moins graves, mais dont l'enchaînement est cependant suscep
tible de conduire à des situations dangereuses sont aujourd'hui 
examinées avec beaucoup de soin.

. Une conception trop administrative et réglementaire de 
la sûreté entraîne une certaine désaffection pour l'examen des 
problèmes techniques. On a décidé de porter une attention parti
culière à l'examen des incidents de fonctionnement et aux mesures 
correctives à mettre en oeuvre.

. L'importance de la qualification du personnel de conduite 
des centrales et de l'étude de son comportement en situation 
accidentelle semble avoir été sous-estimée.

. La communication entre initiés et non-initiés s'est avérée 
beaucoup plus difficile que prévu, en particulier pour ce qui 
concerne l'appréciation à sa juste valeur du risque nucléaire.
Il en est résulté une sérieuse difficulté pour les spécialistes 
de convaincre l'opinion,et parfois le pouvoir politique, que 
l'énergie nucléaire avait atteint un niveau de sûreté comparable 
ou supérieur à celui des autres sources d'énergie disponibles.

III. PRIMAUTE A LA TECHNIQUE

Les experts s'accordent sur deux points majeurs :

. La conception technique générale de la sûreté des réacteurs 
à eau pressurisée est bonne. Elle n'a pas été remise en cause 
par l'accident d'Harrisburg dont l'analyse a confirmé le bien-fondé 
des principes et des méthodes appliqués en sûreté nucléaire ;

. Cet accident a fourni des enseignements très utiles qui 
doivent conduire à des améliorations sensibles de la sûreté 
d'exploitation de ces réacteurs.

Je n'entrerai pas ici dans le détail de ces améliorations qui 
sercfnt largement développées par d'autres orateurs ; je me 
contenterai de suggérer trois orientations générales qui me sont 
inspirées par les tendances et développements récents en matière 
de sûreté :

III.1. En premier lieu, je pense qu'une bonne compréhension
scientifique et technique des phénomènes reste la condition
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permanente d'une bonne sûreté. Il est essentiel à mon 

avis de poursuivre des programmes de recherche menés 

en parallèle avec l'exploitation des centrales. Le 

but est naturellement d'améliorer nos connaissances, 

mais aussi de maintenir une compétence technique 

indispensable pour procéder aux analyses et s'adapter 

à l'évolution inévitable des techniques. A  défaut, on 

doit craindre l'envahissement progressif par la rou

tine ou le piège des c h a m e s  discrets de la bureau

cratie. Les analyses de sûreté risquent de voir les 
aspects réglementaires prendre le pas sur la compré

hension technique; les renforcements successifs des 

rigueurs de la procédure, s'ils peuvent bloquer effi

cacement le développement nucléaire, sont illusoires 
pour prévenir des risques s'ils ne s'appuient pas sur 

une connaissance technique approfondie.

Ce serait une erreur de croire que les règles de sû
reté peuvent être définies une fois pour toutes. Au 
contraire,la sûreté a un caractère dynamique et pro
gresse constamment grâce à l'expérience passée. Les 
différentes règles et normes de sûreté doivent res
ter vivantes, être nourries en permanence par les 
connaissances acquises par l'expérience et la recher
che, intégrer ces connaissances en tenant compte des 
contextes industriel et économique.

X U . 2. L'analyse systématique des incidents d'exploitation 
doit constituer la deuxième grande orientation. Tous 
les systèmes sont conçus pour que les centrales nu
cléaires aient un fonctionnement paisible, mais si 
parfaits qu'ils soient, des incidents se produisent 
et se produiront toujours ; il importe qu'ils ne dé
génèrent pas. L'expérience prouve que ce résultat ne 
peut être obtenu que par l'examen attentif des con
ditions d'apparition et des modes d'évolution des in
cidents. La période des essais de démarrage est cru
ciale à cet égard : ces essais offrent une occasion 
irremplaçable pour les équipes de conduite de con
naître les caractéristiques réelles des divers ma
tériels,d'en apprécier les qualités et les faiblesses, 
de se familiariser avec la dynamique du système et 
enfin de s'adapter, en situation réelle, aux appa
reillages d'alarme, de diagnostic et de commande. 
Quelle que soit la technologie en cause, il n'est pas 
d'accidents sérieux qui n'ait été plus ou moins an
noncé par des incidents mineurs et des événements 
précurseurs. Il est primordial d'être capable d'iden
tifier ces précurseurs et d'en tirer tous les ensei
gnements possibles, enseignements qui permettront
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une meilleure connaissance du réacteur concerné et don
neront la possibilité d'établir pour lui un véritable 
"carnet de santé". Mais enseignements aussi qui, analysés 
au niveau d'un parc de réacteurs, seront une source pré
cieuse d'informations de défaillances communes ou de fai
blesses conceptuelles.

C'est une tâche difficile, mais vitale. Elle exige une 
"transparence" qui n'est pas nécessairement de tradition 
dans l'industrie. Elle passe par une large extension de 
la coopération internationale ; nous y reviendrons tout 
à l'heure.

III.3. Enfin, une plus grande attention doit être apportée au 
facteur humain. On n'avait pas attendu l'accident de 
Three Mile Island pour constater que le paramètre humain 
était essentiel ; néanmoins,cet accident nous a fait 
prendre conscience qu'il y avait là un domaine où il y
a beaucoup à faire. Conception de l'interface homme- 
machine, formation du personnel sont deux aspects d'im
portance cruciale pour la sûreté. De surcroît,leur coût 
ne représente que peu de chose vis-à-vis de la pénali
sation financière qui résulte d'un arrêt prolongé. Mais 
permettez-moi de souligner l'attention constante qu'il 
faut y apporter : des analyses semblent montrer que l'en
traînement sur simulateurs, quelqu'indispensable qu'il 
soit, n’est pas suffisant pour garantir la parfaite maî
trise d'une installation. Les essais de démarrage où les 
matériels fonctionnent à divers régimes sont des complé
ments irremplaçables où les équipes de conduite peuvent, 
comme il l'a été dit ci-dessus, s'adapter dans des con
ditions réelles. Il peut être nécessaire, non seulement 
d'exécuter avec la plus grande minutie la totalité des 
essais prévus, d'analyser les anomalies éventuelles,mais 
d'exécuter un programme spécial d'entraînement durant 
cette période.

I V .  LA N EC ESSA IR E COOPERATION INTERNATIONALE

Je voudrais aborder maintenant un thème qu'il est parti
culièrement opportun d'évoquer dans cette enceinte, je veux dire 
la nécessaire coopération internationale en matière de sûreté 
nucléaire. Cette coopération est indispensable,non seulement pour 
améliorer les conceptions techniques de la sûreté, mais aussi 
pour asseoir sa crédibilité dans le public et auprès de ses re
présentants.

Au niveau technique, la collaboration internationale en 
matière de recherches a déjà fait la preuve de son efficacité,
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notamment dans le cadre de programmes nécessitant des moyens im
portants, financiers et humains, qui n'ont pu être menés à bien 
qu'avec la participation de plusieurs pays. Cet engagement dans 
des projets communs présente un autre intérêt : il permet de 
mettre à la disposition de la communauté scientifique interna
tionale des résultats qui,après libre discussion,peuvent servir 
de références indiscutées. Cette collaboration doit être étendue, 
notamment dans le domaine du recueil et de l'interprétation des 
incidents d'exploitation, dont on a souligné plus haut l'impor
tance. On peut envisager plusieurs types de collaboration, sur 
une base bilatérale ou à travers des organisations internatio
nales comme l'Agence Internationale de l'Energie Atomique. Ces 
différentes collaborations ne doivent pas d'ailleurs s'exclure 
mutuellement. La France, qui dispose d'un programme de centrales 
standardisées, susceptible d'apporter des enseignements intéres
sants d'un point de vue statistique, est tout à fait disposée 
â accroître sa participation à de tels échanges.

Pour l'opinion publique comme pour les autorités poli
tiques, ces échanges contribuent très utilement à la crédibili
té des spécialistes de la sûreté.

Le cas particulier des pays qui s'engagent dans un 
programme d'équipement électronucléaire mérite une mention par
ticulière. Ils doivent en effet mettre en place un programme de 
formation de spécialistes en matière de sûreté au niveau des 
pouvoirs publics. L'objet d'un tel programme est de mettre les 
experts en mesure de contrôler la construction et l'exploitation 
des premières unités nucléaires ; pour ce faire, ceux-ci doivent 
pouvoir recevoir sous une forme directement utilisable un cou
rant permanent d'informations techniques en provenance de pays 
déjà dotés d'une solide expérience. A cet égard, le rôle de con
seil de l'Agence Internationale me paraît essentiel sur bien des 
aspects : organisation générale, méthodologie, programmes de for
mation et surtout assistance en cas d'accident. J'ai plaisir à 
rendre ici hommage à la qualité des programmes "NUSS" de l'Agence 
qui se sont traduits par l'édition d'une série de manuels et 
guides de sûreté qui font autorité de par le monde. Mais cette 
contribution capitale n'est cependant pas suffisante. Elle doit 
être complétée par des actions de coopération bilatérale portant 
sur des projets précis et comportant des échanges approfondis de 
connaissances et des stages de formation sur le terrain, de ma
nière à ce que ces pays "débutants" puissent se forger une in
frastructure efficace de spécialistes en matière de sûreté.

La collaboration internationale en matière de sûreté 
trouve toutefois des limites très strictes dans les impératifs 
de responsabilité qui ne tolèrent aucune confusion. La sûreté 
nucléaire n'est que l'une des composantes de la sécurité pu
blique : la protection du citoyen contre les risqués d'ordre
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public est une responsabilité exclusivement nationale qui ne 
peut être transférée. Aucun organisme étranger, aucune organi
sation internationale ne saurait se substituer aux pouvoirs 
publics d'un Etat dans l'exercice de ses responsabilités en ma
tière de sûreté nucléaire.

V. DE LA RAISON A LA CONVICTION

J'ai été conduit à plusieurs reprises à évoquer le 
problème de la perception de la sûreté des centrales nucléaires 
par le public et ses représentants.

V.l. Choix des sites et plans de secours

Un aspect est aujourd'hui au premier plan des préoccupations, 
c'est celui du choix des sites où peuvent être implantées des 
centrales nucléaires. Plusieurs faits récents doivent être rap
pelés : en France, la procédure d'enquête publique pour le site 
de Plogoff, en Bretagne, a rencontré une vive opposition locale 
amplifiée par l'action des mouvements anti-nucléaires ; aux 
Etats-Unis, un texte législatif oriente le choix vers des sites 
relativement peu peuplés ; en Europe, les projets de centrales 
dans les régions frontalières font l'objet de conversations entre 
les gouvernements concernés. S'il n'est pas certain que dans tous 
les cas ce soit réellement et uniquement la sûreté des installa
tions qui soit en cause, il n'en demeure pas moins que se pro
file, derrière le problème du choix des sites, l'hypothèse d'un 
accident nucléaire grave et des mesures qu'il serait nécessaire 
de prendre pour protéger les populations avoisinantes.

Il faut aborder cette question en tenant compte de tous ses 
aspects. Si la probabilité d'un accident nucléaire sérieux ne 
peut être rigoureusement nulle, elle est très faible et la pro
babilité que cet accident ait des conséquences radiologiques en 
dehors du site est encore plus faible.

Parmi les produits radioactifs dangereux, seuls les gaz 
rares ont une certaine probabilité de passer plus ou moins tota
lement dans l'atmosphère et leur effet sanitaire est limité ; 
pour obtenir un relâchement significatif des autres produits, et 
notamment de l'iode et du césium, qui imposerait des mesures im
portantes d'évacuation, il faut imaginer des scénarios très peu 
probables. Du seul point de vue technique, et à l'exception du 
voisinage immédiat de la centrale, il n'y a pas de réelle jus
tification à définir des critères particulièrement rigoureux sur 
les densités de population.

Mais en pratique, il faut tenir compte de la perception du 
risque par ces populations, et de leur souci de disposer d'une
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garantie supplémentaire : c'est qu'en tout état de cause, si un 
événement survenait* on pourrait les mettre à l'abri. Il s'agit 
en quelque sorte de l'interposition d'une quatrième barrière au- 
delà de l'enceinte de confinement du réacteur. Il existe donc 
actuellement un consensus général pour considérer qu'il est né
cessaire de mettre en oeuvre,autour de chaque centrale, un plan 
de secours pouvant aller jusqu'à l'évacuation des populations 
les plus proches.

C'est sur cette base, c'est-à-dire une appréciation de bon 
sens pour chaque cas particulier, tenant compte des conditions 
locales, distribution de population et météorologie notamment, 
que l'on peut aborder ce problème du choix des sites, plutôt 
qu'à travers des critères quantitatifs plus ou moins arbitraires 
et qui ne seront pas nécessairement mieux perçus par le public.

V.2. Appréciations objectives et subjectives de la sûreté

Certains voudraient aller au-delà et envisager des dispo
sitions supplémentaires en vue de réduire un risque de relâ
chement de produits radioactifs déjà extrêmement faible. On ne 
pourra jamais démontrer que le risque résiduel est rigoureuse
ment nul; on est donc en droit de se demander si de tels ajouts 
vont bien dans le bon sens de la sûreté.

En effet, plus on cherche à se rapprocher de la sûreté ab
solue, plus s'amenuise le rapport entre le bénéfice social de 
l'amélioration et l'effort consenti pour l'obtenir. Certains 
estiment même, avec de bons arguments, qu'il arrive un moment 
où le détriment social induit par les réalisations techniques 
supplémentaires devient supérieur au bénéfice direct recherché. 
Le Professeur Harold LEWIS exprime sous une autre forme une 
idée analogue lorsqu'il écrit (1) : "Il semble exister une ac
ceptation tacite du principe selon lequel tout ce qui peut être 
fait pour rendre les réacteurs plus sûrs est bon. A l'évidence, 
ceci n'est pas un principe général de vie, sinon personne ne 
voudrait plus sortir de son lit le matin, mais c'est un moyen 
commode de combler un vide de la compréhension".

A ce point, il me paraît important de soulever la question 
de l'appréciation du niveau de sûreté des centrales nucléaires : 
est-il suffisant, raisonnable, excessif ? C'est certainement 
l'un des points sur lesquels il existe le plus grand décalage 
entre les experts et le public. Pour les experts, il 
existe une méthode rationnelle pour obtenir la réponse : on 
peut évaluer de manière probabiliste les risques du nucléaire, 
comme celui des autres activités industrielles. Ces évaluations 
peuvent faire l'objet de discussions, et on sait que les résul
tats du rapport RASMUSSEN doivent être assortis de larges marges
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d'incertitude ; mais la méthode elle-même n'est pas mise en 
cause et au contraire a été endossée par le rapport LEWIS, qui 
recommande d 1étendre son emploi. En ce qui concerne la compa
raison des risques, plusieurs études, dont les résultats ont 
été discutésj convergent pour placer l'énergie nucléaire dans 
le bas de l'échelle des risques.

Vis-à-vis du public, ces considérations probabilistes ou 
même tout simplement logiques sont très difficilement comprises.
Il en résulte que les efforts marginaux consentis dans les di
verses activités humaines pour épargner une victime sont très 
disparates. Cette disparité traduit le simple fait que l'homme 
entend être protégé contre les risques qu'il imagine (ou qu'on 
lui fait imaginer). Un spécialiste de ces questions, le Profes
seur TUBIANA, cancérologue et radiopathologiste, constatait ré
cemment (2) : "Les considérations subjectives ont plus d'in
fluence sur nos comportements et nos croyances que les données 
factuelles ... En fait, il est inopérant de combattre une crainte 
non rationnelle par un raisonnement logique ... Plutôt que de 
démontrer combien le risque engendré par l'énergie nucléaire est 
faible, les partisans de cette méthode devraient s'attacher à 
prouver par de solides garanties qu'ils sont dignes de con
fiance ... ".

Sans être aussi sceptique que lui sur les vertus du rai
sonnement, je crois que le Professeur TUBIANA a fondamentalement 
raison. Je pense en effet que le public n'acceptera définitive
ment l'énergie nucléaire que dans la mesure ou il aura confiance 
en ses promoteurs. Pour gagner cette confiance, ceux-ci doivent 
s'attacher à écouter et à comprendre les craintes du public, ils 
doivent le convaincre de leur sincérité et du sérieux de leur 
travail, expliquer inlassablement en termes clairs et simples 
le véritable enjeu nucléaire ; ils doivent enfin et surtout 
faire appel au bon sens. Convaincre les responsables politiques 
est particulièrement nécessaire. Une prise de position ferme et 
claire des hautes autorités du pays est un élément irremplaçable 
de confiance du public. C'est en tout cas l'expérience que nous 
avons acquise et la conclusion que nous tirons de débats publics 
en France où la majorité de la population paraît aujourd'hui 
admettre le bien-fondé d'un choix nucléaire prudent et résolu.

CONCLUSION

Pour conclure, je voudrais rappeler la conviction que par
tagent un grand nombre d'experts et d'hommes d'Etat, à savoir 
que parmi les sources d'énergie qu'il nous faut exploiter pour 
pallier une éventuelle crise énergétique, l'énergie nucléaire 
occupe, au moins dans les pays industrialisés, une place in
dispensable.
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L'énergie nucléaire est indispensable. Mais aujourd'hui 
plus que jamais il est clair que la sûreté est une des compo
santes tout à fait essentielles de cette énergie et une condi
tion de son développement. Il nous appartient d'établir et 
d'attester que, dans ce domaine comme dans d'autres activités 
humaines, l'homme ne joue pas à l'apprenti sorcier mais qu'il 
maîtrise les outils qu'il a crées. L'avènement de nouvelles 
technologies et de réalisations industrielles de très grande 
taille a conduit en effet certains à s'interroger aujourd'hui 
sur cette capacité. Disons plutôt que l'analyse de défaillances 
en chaîne ou de catastrophes récentes - citons par exemple les 
grandes pannes d'électricité survenues aux Etats-Unis et en 
France, l'explosion d'un camion d'hydrocarbures à Los Alfaques, 
l'échouage de grands navires pétroliers, la collision de deux 
jumbojets à Ténériffe - conduit comme dans le cas de l'acci
dent de Harrisburg à revoir les rôles respectifs dévolus aux 
conducteurs humains et aux automatismes dans les circonstances 
exceptionnelles. De ce point de vue,on peut dire que la philo
sophie de la sûreté des grandes technologies humaines est en 
train de subir une véritable mutation.

Aussi est-ce, comme je l'ai dit, dans le domaine de l'ex
ploitation des réacteurs, qu'il faut attendre les principaux 
progrès dans l'avenir. Le facteur temps est dans cette affaire 
un paramètre essentiel et c'est au fil des années que s'accumu
lera la somme de connaissances qui contribuera à rendre le nu
cléaire toujours plus sûr.

Cette conférence vient à point nommé. Dix huit mois après 
Harrisburg, rendez-vous a été pris entre les plus brillants ex
perts du monde entier pour porter un jugement éclairé et appro
fondi sur la sûreté du nucléaire. Mesdames et Messieurs, ce 
rendez-vous est aussi d'une certaine manière celui des experts 
et de l'opinion publique mondiale. Je le dis avec cette solen
nité : nul doute que les conclusions qui ressortiront de cette 
conférence ne soient considérées avec grand soin par les respon
sables politiques et les hommes d'Etat qui attendent de nous des 
positions claires, un examen objectif et sans complaisance et un 
bilan approfondi de la sûreté des réacteurs nucléaires. Puissions- 
nous répondre pleinement à cette attente.

REFERENCES

(1) LEWIS H.W. : The safety of fission reactors, Scientific 
American (242,3) Mars 1980 : "There seems to be a tacit ac
ceptance of the principle that anything that can be done to 
make reactors safer is good. This is obviously not a general



14 TEILLAC

principle of life, since if it were, no one would ever get 
out of bed in the morning, but it does serve as a handy way 
to fill a void in understanding".

(2) TUBIANA M. : Pour une approche de l'étude des réactions du 
public devant l'énergie nucléaire, Revue Générale Nucléaire 
(№ 5, septembre/octobre 1979).



IAEA-CN-39/1.2a

REGULATORY RESPONSE 
TO CURRENT SAFETY ISSUES

W. SAHL
Federal Ministry o f the Interior,
Bonn,
Federal Republic o f Germany 

Abstract

REGULATORY RESPONSE TO CURRENT SAFETY ISSUES.
The protection of the public against the hazards of nuclear energy, new results in science 

and technology and growing experience with nuclear power plants demand a continuous 
development of regulatory requirements for the safety of nuclear installations. The legal 
system and the institutional and procedural set-up for the regulation of nuclear power in the 
Federal Republic of Germany offer effective instruments for the necessary adaptation of safety 
requirements and thus enable a dynamic protection of basic rights. Following recent incidents 
in nuclear installations, decisions of the Federal Constitutional Court and the results of 
quantitative risk studies, new considerations on a safety philosophy have been initiated, aiming 
to balance deterministic and probabilistic approaches in design and licensing. Beside the 
consequences of these considerations, the main areas for the regulatory response to current 
safety issues are: ( 1) improvement of accident prevention by the concept of what we call 
‘design of basic safety’; (2) optimization of operational safety by evaluation and feedback of 
operational experience; (3) further improvement of the man/machine system; and (4) facili
tation and intensification of the surveillance of radiological protection by an independent 
administration-based remote monitoring system applied to  all nuclear power plants in Germany.

1. INTRODUCTION

Immediately after the incident in Harrisburg the Government o f the Federal 
Republic o f Germany along with o ther governments took the initiative towards 
an international evaluation o f the conclusions to  be drawn from this incident
— the param ount objective being an international harm onization o f  general safety 
standards, also between East and West. We are m ost grateful tha t the International 
Atomic Energy Agency in Vienna took up this idea and invited representatives of 
the Member States to  take part in this large international conference here in 
Stockholm to discuss the topics of nuclear safety. The Government o f the Federal 
Republic o f Germany would like to  express its sincere appreciation to  the Agency 
for offering such a qualified platform  o f exchanging ideas in this field o f technical 
as well as political significance.

For a long time the development o f nuclear technology was a venture into 
new areas both in terms o f technology itself and above all in terms o f safety
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policies. It therefore demanded an approach which was adequate to  meet the 
new kinds of problems. This was recognized at an early stage by legislation in the 
Federal Republic o f Germany and expressed in the fact that special regulations 
were set up within the framework of the German Atomic Energy Act regulating 
the use of nuclear energy for peaceful purposes.

However, the critical public remains sensitive to  nuclear energy as a whole. 
Various investigations o f the public attitude towards nuclear energy and the 
fluctuating results o f opinion polls have shown tha t the general public will not 
accept a static safety concept.

This is one o f the reasons why comparative risk considerations have no t yet 
been accepted by the public as an argument in favour of nuclear energy. This 
situation again makes us aware o f the fact that nuclear technology is still in the 
development stage and will only gradually attain consolidation in the field of 
safety, and mainly in the field o f public acceptance. Experience gained with an 
increasing num ber o f reactors in operation world-wide, new findings in science 
and technology and new technologies and developments o f alternative reactor 
concepts make it essential to  continue the development o f an extremely cautious 
and far-sighted safety strategy for the near future.

2. THE PRESENT STATE OF THE NUCLEAR ENERGY PROGRAMME IN
THE FEDERAL REPUBLIC OF GERMANY

In the Federal Republic of Germany three types of reactors are being 
developed at present, with complementary objectives. Firstly, there are two 
prototype developments o f a fast breeder reactor and a high-temperature reactor, 
both  having an outpu t of about 300 MW(e) and currently under construction. 
Light-water reactor technology has been developed and used for more than 
20 years. The stages o f experimental power plants, dem onstration power plants 
and stepwise increases in the plant capacities have been achieved up to  1300-MW 
reactors.

Operation o f German nuclear power plants has so far been satisfactory in 
terms o f safety. Intervention on the part o f the licensing authorities has been 
concentrated on preventive safety measures. In boiling-water reactors, for instance, 
piping and com ponents had to  be replaced as it was feared that the materials 
used and insufficient quality assurance on weldings could no longer fulfil the high 
safety requirem ents in continued operational loading. These demands have, o f 
course, influenced the availability of these reactors.

The num ber o f nuclear power plants in the Federal Republic o f Germany 
has not increased to  the extent which had originally been envisaged. The increase 
rates in the consum ption o f electricity have remained well below the forecast values 
since the oil crisis o f 1973.
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At present, electricity production partly relies on cheap lignite and hydro
power for base-load electricity . About 25% of the electricity supply is based on 
lignite, nuclear energy accounts for 11% and hydropower 5%. Crude oil as a 
primary energy resource plays only a subordinate role in electricity generation, 
accounting for no t more than 7%, whereas our domestic coal, not only lignite but 
also hard coal, contributes considerably to  electricity generation, more than 50%. 
The main strategy underlying our energy policy is to  base ourselves primarily on 
home resources. In comparison to  the Federal Republic o f Germany, the situation 
in France, for example, is different, because France is still to  a considerable extent 
dependent on foreign oil. Therefore especially the substitution o f crude oil by 
nuclear energy in electricity production is of major importance in France.

The contribution o f nuclear power to  the German energy supply is not likely 
to  change in future unless there is a great shift in the energy supply structure in 
favour o f electricity, for example for the heating o f buildings by using heat 
pumps, or unless new areas of application are revealed for nuclear energy. It is for 
this latter purpose that the development of the high-temperature reactor is being 
prom oted in the Federal Republic o f Germany to  generate process heat, for 
instance for coal-refining processes.

In addition, the German public has taken an increasingly sceptical a ttitude 
towards the utilization of nuclear energy. This has led to  the contribution of 
nuclear energy remaining relatively small.

The delay in further extension o f nuclear energy is also due to  the fact that 
the constitution of the Federal Republic o f Germany attaches great importance 
to  the protection o f individual rights against actions taken by the Authorities. 
Anyone who believes his individual rights might be violated by actions o f the 
Authorities is entitled to  take his case to  a special administrative court. In 
consequence, the licence o f  almost every nuclear installation has been contested 
before an administrative court. Such court proceedings are particularly time- 
consuming, as the dispute may go through three levels of appeal, or even four if 
the case is taken to  the Federal Constitutional court. A delaying effect arises due 
to  the possible suspensive effect o f such complaints.

3. THE LEGAL BASE

The Federal Atomic Energy Act imposes a continuing regulatory response 
to current safety issues.

I should like briefly to  refer to  tw o court proceedings o f August 1978 and 
December 1979 which were initiated to  establish the constitutionality of the 
Atomic Energy Act in view o f the controversy surrounding nuclear energy. In 
the verdicts o f the Federal Constitutional Court it was established that the 
legislator — the Parliament — has agreed to  the utilization o f nuclear energy, but
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at the same time he has determined by law the essentiality o f the maximum 
possible protection against the hazards of nuclear energy as a boundary condition. 
The aim o f protection has priority over the aim o f advancement. Safety has 
priority over economic interest. Here, the legislator has committed the responsible 
Authorities not only in material terms to  the best possible protection against 
hazards bu t also in terms o f legal procedures.

I will no t go into details o f safety evaluations and licensing conditions here.
It suffices to  say that on the same level requirements are also stipulated concerning 
adequate nuclear waste management, including disposal measures. This requirement 
is o f great importance as it has become one o f the main prerequisites for the 
licensing o f erection and operation of nuclear power plants in conform ity with 
laws, court practice and agreements between the Federal and the individual State 
Governments. This is an example o f a consistent policy for the control and the 
management o f the long-term effects of the application of the new technology. 
However, I will no t go into further details on this subject — it would be sufficient 
in itself for an entire symposium.

I should point out, however, that the licensing procedure in the Federal 
Republic of Germany progresses on two levels. Supervisory activities are dealt 
with at the Federal Government level. The actual licensing is carried ou t, however, 
by the licensing A uthority o f the respective individual State.

Besides the means for specifying the precise licensing requirements, there 
are m ethods for the enforcem ent o f these requirements, for instance the practice 
o f  granting partial licences, the possibility o f laying down conditions to  enforce 
backfitting measures, or obliging the licensee to  employ reliable and trained 
personnel in order to  fulfil the safety conditions continuously.

4. CONSIDERATIONS ON A SAFETY PHILOSOPHY

German legislation stipulated requirements in the Atomic Energy Act o f  1959 
com m itting the executive power to  the best possible protection against hazards 
and prevention o f risks. As was confirmed by the Federal Constitutional Court 
in August 1978, this means tha t licences may only be granted if it can be 
reasonably stated in accordance with the state of science and technology that no 
incidents will occur which would consequently violate basic rights of citizens.
The court recognized, however, that beyond the threshold of practical rational 
sense there remain uncertainties which are beyond the limits o f human under
standing; the risks entailed with these uncertainties, as stated by our Supreme 
C ourt, are inescapable and as such they must be borne as a social burden by all 
members o f the public.

Pursuing the considerations supporting this decision, the development o f our 
safety concept has entered a new phase. The present safety concept is deterministic
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and directed towards the control o f a large num ber o f  given so-called design basis 
accidents: Independent o f the probability of occurrence certain types o f failures 
are assumed and analysed down to  the very last consequence in terms o f safety, 
taking safety margins into consideration.

The safety concept evolved from this analysis for counteracting failure 
incidents, as is required by the safety criteria o f the German Federal Ministry of 
the Interior, already implies a num ber of probabilistic elements, such as are 
reflected in the principles o f redundancy or diversity o f safety-assuring systems. 
These principles are applied to  our reactors, and the steady increase in operating 
experience and reliability data based on empiric investigations will soon help to  
emphasize the im portance of quantitative risk studies, not only in the optim ization 
o f a balanced and safe design, bu t also in answering the question o f where exactly 
the threshold is.

Quantitative risk analyses serve to  estimate the frequency o f failures and 
accidents in nuclear power stations on the basis o f so-called events-sequence- 
analyses and fault tree analyses. As shown by the Rasmussen Report and the 
German Risk Study, the frequency o f occurrence o f damage decreases sharply 
w ith an increasing am ount o f damage. Nevertheless the most severe accident being 
calculated still has a probability value above zero. Thus the question arises 
whether technical safety measures should also be taken to  prevent such incidents 
which, although they are only a theoretical possibility, can nevertheless be 
specified in technical terms.

For such incidents to  happen, many individual obstacles to  such a series 
of events would have to fail more or less completely at the same time and in the 
same technical context. This case already shows that we have reached a sphere of 
incidents the occurrence of which, in practical terms, cannot be expected.

Coming to  an agreement on a position of this kind o f threshold does not 
mean, however, that the incidents occurring beyond this threshold are ignored.
The consequence o f the legal principles described is that it is no t an inevitable 
requirem ent for licensing of the plant to  be designed in terms o f safety to  withstand 
such improbable incidents.

With the currently prevailing a ttitude o f the public to nuclear energy this 
sphere is extremely im portant owing to  the magnitude o f the hazard potential to 
be kept under control, independent o f any probability o f  occurrence. Just as it 
is not possible to  leave the public in the dark as far as the consequences o f the 
most severe accidents are concerned, it is also essential to  inform the public of 
how they can protect themselves against these hazards or how they will be 
protected by the responsible authorities. To do this, administrative and technical 
precautions must be taken, so that the public would have a realistic chance of 
surviving the dangers arising even in cases which in actual fact, as far as 
we can judge, are no t likely to  occur. Such precautions are, for example, the 
measures laid down in the emergency plans or technical or structural precautions
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which are capable of delaying the occurrence and restricting the extent o f the 
damage.

Thus in the Federal Republic of Germany investigations are being carried 
out in great earnest to  find, for instance, constructive solutions for controlling 
the consequences of a core meltdown or, as concerns the safety of the plant site
— in contrast to  the recommendations o f the Kemeny Report in the USA on 
plant sites outside populated areas — investigations o f underground reactors. In 
this context I may remind you that in view o f the high population density o f 
our country and in order to reduce the need for an exclusion area around the 
reactor under these circumstances — even with regard to later industrial develop
m ent in such areas — our reactors have to be equipped with a high degree of 
protection against external impacts: they have to withstand the crash o f a high
speed military aircraft or the explosion pressure wave o f a gas cloud which could 
be released from a tanker carrying liquefied gas.

5. ACCIDENT PREVENTION

The focal point o f the safety measures lies in accident prevention which, in 
the Federal Republic o f Germany, is founded on a concept of a design o f basic 
safety, i.e. high-quality material properties, conservative limitations o f stresses, 
and guaranteed utilization o f the best manufacturing and testing technologies with 
the aim o f ruling out m anufacturing defects in the pressure-retaining boundaries 
which could otherwise result in serious failures. For the practical realization of 
this concept o f a design o f basic safety we can rely on the generally proven quality 
assurance principle o f threefold inspection. Besides the quality control carried out 
by the com ponent m anufacturer and by the system m anufacturers, for all im portant 
reactor com ponents and systems the Authorities call upon independent experts to 
carry out a third quality inspection. This system o f threefold control as practised 
in the Federal Republic of Germany has proved to  be of great value. O ther signi
ficant aspects o f accident prevention are the inspections carried out at regular 
intervals under the supervision o f the Authorities and their independent experts 
and the use o f diagnostic systems for the early detection o f damage. These 
measures alone represent a high degree of basic safety o f nuclear plants even if 
they seem far less spectacular to  the external observer than measures to  control 
damage which comes into effect should a failure such as a core m eltdown occur 
despite all the precautionary measures taken at the two preceding safety levels.

6. EVALUATION OF OPERATING EXPERIENCE

In verifying each safety concept put into practice, systematic evaluation o f 
operating experience and o f failures will be o f increasing importance.



IAEA-CN-39/1.2a 21

Since the commencement o f the operation o f reactors in the Federal Republic 
o f Germany, the responsible A uthorities have been notified o f  any particular 
events arising in connection with reactor safety. Thorough analysis and evaluation 
o f all this inform ation assists in defining appropriate measures to  be taken to  
prevent these events happening a second time at the same plant or at any other o n e .

The system selected of collection, analysis and continuous availability of the 
inform ation is based on notification criteria.

The centralized accident records in the Federal Republic of Germany began 
to  include safety-related events in o ther countries at an early stage. The inter
national exchange of standardized accident reports can also play an im portant 
role in international co-operation on the advancement of nuclear safety. A 
common agreement on the relevance to  safety of the events and standardized 
reports also offer a practicable approach towards harmonizing the safety 
requirements in the individual countries. I should like to  propose to  this conference 
to  agree that the IAEA include the working out o f procedures along these lines 
within the framework o f its already intensive activities in the safety field.

7. IMPROVEMENT OF THE MAN/MACHINE SYSTEM

In conjunction with the advancement o f the safety o f nuclear power plants, 
the man/machine-system must also undergo improvement. This is not simply a 
case o f  eliminating man as a disturbance factor, but requires a differentiated 
approach. The role o f man in a nuclear power plant cannot be interpreted as 
‘man being part o f the machine’ which can only function safely if man is also 
functioning safely. Neither is it a case o f m an’s passive observation o f the machine. 
The safety strategy must take not only the failing o f  man into consideration but 
also the failing o f the technology he has created. A dense safety net must 
accom m odate for failures in the technical equipm ent as well as for hum an errors.

All efforts must be directed towards achieving a balanced concept.
Machines are o f particular significance, for instance in cases where man has to 

intervene in complicated processes, and consequently the quota o f errors o f a 
man acting under mental stress is relatively high. If, in the design o f a machine, 
insufficient consideration is given to  the lim itations o f hum an capabilities, then 
the machine has been wrongly designed in this respect.

Further, we cannot leave the sole responsibility for any m alfunctions which 
may occur with the operating staff and indifferently call man a ‘risk factor’ or 
the ‘weakest link’ in the safety o f the nuclear installation. The strength o f man is 
reflected in actions in which he has sufficient time and all the available information 
to  be able to  correct the inflexible operations o f the machine or any safety-related 
over-reactions and can bring the plant to  a safe condition. In order to  make man 
himself more reliable in his actions, it is im portant also to  optimize the technical 
design o f the machine in terms o f slower reaction in cases of m alfunction.
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In the Federal Republic o f  Germany a concept of the factor ‘m an’ in the 
man/machine system is being developed which is based on a task analysis, applying 
ergonomic findings and including all the people involved in the planning, erection 
and operation o f the plant. The aim is to  use this basis for consistent advancement 
and optim ization of the qualification mode.

8. SURVEILLANCE OF RADIATION PROTECTION

In the sphere of surveillance of radiation protection improvements are being 
investigated, especially in respect o f facilitating and intensifying surveillance. Thus 
at present, possibilities are being examined for improving instrum ents used for 
measuring emissions, including an application range far beyond the conditions of 
normal operation. A further step is the development o f a uniform remote 
monitoring system, uniform in all States, of all the nuclear power plants in the 
Federal Republic of Germany. This system will facilitate the assessment o f the 
radiation exposure o f the population resulting from the discharge o f radioactive 
substances on the airborne or liquid pathways and improve the independent 
control by the Authorities. Thus rem ote m onitoring can also be used as a basis 
for assessing the radiological conditions in cases of emergency and for initiating and 
orienting emergency action.

The results o f the German Reactor Safety Study have confirmed the high 
degree o f reliability o f our safety technology. For these reasons and with a view 
to improving public acceptance we are considering a reform o f nuclear liability, 
i.e. by abolishing the sums fixed for the maximum limit o f indem nity or by placing 
more responsibility on the liable party.

9. NECESSITY OF INTERNATIONAL CO-OPERATION

In the case o f a major nuclear accident the consequences might not be 
restricted to  the territory o f the country in which the installation is situated. 
Therefore, the precautionary measures taken to  prevent damage and other adverse 
effects arising from nuclear installations should not stop' at the frontiers o f  one’s 
own country. For this reason the Federal Government attaches great importance 
to  co-operation with neighbouring countries and is directing its efforts towards 
strengthening international co-operation in the fields o f environmental protection, 
radiation protection and emergency planning. Bilateral co-operation agreements 
have already been concluded w ith several neighbouring countries. Experience 
gained so far in connection with such agreements has been extremely positive.

Furtherm ore, the utilization o f nuclear energy has attracted so much attention 
among the public throughout the world that a serious reactor accident in one
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country would inevitably have world-wide political consequences. The devastating 
effects o f the damage in such an accident and the serious problems this could 
cause for the future world energy supply condemn the nuclear industry and the 
responsible authorities to  be successful in their efforts to  achieve optimal safety.
We should join our forces to  make this success possible. The Government o f  the 
Federal Republic of Germany hopes that a jo in t effort will be made by this 
conference to  draw conclusions from experience gained so far world-wide w ith the 
aim o f sharing the knowledge gained in the individual countries to  the benefit of 
improving safety and thus to  facilitate achieving international harm onization of 
safety standards. Moreover, it would be an advantage if world-wide co-operation 
were to  be increased in the fields of o ther complex problems connected with 
nuclear technology — here I am referring in particular to  the safe disposal of 
radioactive waste.

We must, however, be aware of one thing: in this field it is not sufficient 
just to  harmonize all our safety standards to attain  the highest possible level on 
the basis o f precise scientific research. In order to  overcome the fears which have 
been aroused among the public and which make it extremely difficult to  consider 
nuclear energy w ith an open mind, we must call upon our experts — as our Federal 
Chancellor underlined at the 11th World Energy Conference in Munich -  to  make 
available the right kind o f  inform ation describing the techniques and risks involved, 
but in a form understandable to  the layman. The experts must understand that 
this is also part o f their responsibility. The utilization o f nuclear energy for 
peaceful purposes must m eet with general acceptance.

I t cannot simply be forced upon society indiscriminately; the risks o f such 
a policy would really become incalculable.

I hope that this conference will also keep this point in mind. Otherwise we 
shall never achieve general understanding and shall remain isolated from the 
public, whose acceptance is essential to  the continuation o f  our work in this field, 
and we shall have missed the mark in an im portant section o f  our work.
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INTRODUCTION

In the more than tw enty years since nuclear power was introduced to generate 
electricity, its safety record has been excellent and there is no evidence of any 
detrim ental health effect on the public. This record was certainly not achieved 
by chance, but is the result of well-co-ordinated efforts to  analyse continuously 
and prom ote nuclear safety through research, study, and feedback o f any relevant 
findings. The need for feedback of operating experience, including that derived 
from abnormal occurrences and accidents, has once more been highlighted by the 
Three Mile Island (TMI) incident. TMI became the starting point for a thorough 
reappraisal o f all the past nuclear safety efforts, and led to the identification of 
items for further study and possible improvement. These include further 
harmonization of safety features, improved instrum entation, additional accident 
diagnostic tools, more rigorous qualifications for reactor operators, and more 
extensive emergency planning.

To focus the discussion, two basic questions were selected for discussion:

•  Is the level o f safety in nuclear power plants adequate? Is it possible to 
quantify the safety level?

•  Are the activities o f regulatory bodies well oriented to achieve a high level 
o f safety? Are these bodies too  rigid, too bureaucratic, too technically 
oriented?

Question 1 — The level o f  safety
Is it  inadequate?

Replying to  the first question, one panel member said that the safety goals set 
by the nuclear industry were very high, but a large gap exists between these goals
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and reality. It is no t possible to say now how safe nuclear plants are or will be.
It is difficult to  achieve a better safety level in practice than that predicted in the 
WASH-1400 (Rasmussen) report. Chances are very slight that we can do anything 
about reducing the probability that certain unexpected sequences of events will 
occur. We cannot eliminate the two key problems:

(1) Decay heat
(2) Large accumulation of fission products in the fuel.

Since the probability of a core melt accident cannot even theoretically be 
reduced to  less than 1 in 10 000 to 1 in 50 000 reactor years, it is reasonable to 
believe that the probability for such an accident in an existing reactor is somewhat 
higher than this. This is no t a satisfactory level o f safety. No other means of 
generating electricity is associated with such a high level o f risk.

In Sweden, where electric power is used for heating homes, the decision has 
been made to  plan for abandonm ent of the use o f nuclear power. Inadequate 
safety is one reason for this decision. If o ther countries also put greater emphasis 
on the risks of high-consequence accidents, instead of on their low probability, 
they might come to  the same conclusion.

Quantification is com plex

The viewpoint of another panel member was that quantification of safety is 
difficult because it is not a simple factor like length or tem perature. It is a complex 
combination of many parameters. For example, if an accident occurs which 
results in a release o f activity, then weather conditions can influence the risk to 
the population; safety is, therefore, not dependent only on the characteristics of 
the plant itself.

A risk analysis like the Rasmussen study or the German Risk Study (FRG) 
is a costly exercise, which does not quantify the actual risk o f a particular plant, 
but the risk associated with a certain num ber of plants. It is a calculation o f the 
overall risk for a family of reactors. The authorities who are responsible for issuing 
a licence must, however, decide whether a licence should be issued for a particular 
plant; and there is no procedure for quantifying the am ount of safety for one plant.

The same speaker pointed out that in the past we took the approach of trying 
to quantify the impact which a nuclear power plant would have on the environment, 
and we limited this to  a level of 5 rem for normal operation or a design basis 
accident. This helps the public to understand what would be the maximum 
consequences under incident conditions. After all, the public does not understand 
probability figures o f 10-6, so that simply calculating probabilities of accidents and 
associating their consequences does not help in public acceptance. Moreover, 
comparing risks in different fields may create problems. In practice not every 
activity has the same risk level. Society must decide which risks it wants to accept,
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and this judgem ent will develop as a normal process in society. However, a decision 
about nuclear power must be made by comparing it with other forms o f energy, and 
also by knowing what are the consequences of not using nuclear energy.

There is no absolute safety

Another point of view was that safety issues are by nature dynamic. There is 
no absolute safety. All safety assessments have until now been carried out by 
limiting safety analysis to the design basis accident. However, we must be prepared 
to undertake studies as to the consequences of multiple failures in the system.
We should accumulate inform ation on minor incidents. For this purpose 
international bodies such as the IAEA could help in the prom otion o f an agreed 
common basis for the safety analysis, and could act as a clearing house for 
exchanging inform ation.

Countries such as Japan which rely heavily on oil im ports have to think very 
seriously how to  reduce this dependence. They need nuclear power now, because 
electrical energy based on imported oil is very expensive. Thus, on a cost-benefit 
basis, Japan can afford to  increase its expenditures for safety measures for nuclear 
power. This will assist in obtaining public acceptance.

We m ust be pragmatic

In the opinion of another panel member, nuclear power is safe enough for 
industrial use. He took the pragmatic view that, in terms o f disadvantages, nuclear 
energy is the least costly of the existing alternatives, not purely on the basis o f 
economics, bu t also in terms o f minimizing the disturbance to  human life. This is 
a point o f view totally different from the one expressed before by the first speaker, 
who, he felt, had adopted a somewhat theoretical view that, although the probability 
of a serious accident is very low, nevertheless there was no wish to  accept even 
that small risk.

In France the position is similar to  that in Japan, in that nuclear power is 
considered indispensable. France is not concerned about heating houses, but must 
have nuclear power for industry; nether solar energy nor wood can keep industry 
in operation.

There was an excellent article in the IAEA Bulletin Vol.22, No. 1, by Blatt 
and Niehaus, entitled “ Too much safety, is that still safety?” If  the safety levels in 
nuclear plants were compared with safety levels in other industries, one would 
conclude that nuclear power is well placed, and perhaps better than most other 
industries.

Each nuclear power, plant should have a ‘bill o f health’, which lists all the 
accidents that might take place at tha t plant. Where a group of identical plants 
is built, there is a means for comparing them , and studying their safety on a 
pragmatic basis.



28 PANEL

Finally, the speaker noted that most experts throughout the world have 
adopted a favourable position on nuclear energy. The probability that the majority 
o f experts would be wrong is not zero, but it is certainly very low.

Perhaps we are to blame

A nother panel member considered that the public had distrusted nuclear 
power since it was first introduced. Perhaps the nuclear community has been a 
little to  blame. We have always given more prominence to  safety than do other 
industries. Each country has established a special body for nuclear safety regulations. 
We have achieved im portant results, but it is difficult to quantify how safe is safe 
enough. The result is tha t some countries have talked of a m oratorium  on nuclear 
power plant construction until these plants have been dem onstrated to  be 
completely safe. Complete safety is a false view. No one assumes the risk is zero 
in civil aviation, and no airline attem pts to  suggest to passengers that there are no 
risks. However, planes fly now, and no one recommends a moratorium  to airlines. 
This is the meaning of cost-benefit analysis.

General discussion

The chairman summarized that there are two means o f establishing the level 
of safety in the nuclear industry : one is to  judge on a cost-benefit basis the safety 
of different means o f producing a certain num ber o f kilowatt-hours; the other, 
which assumes a common level o f safety, cannot be completely correct.

The discussion then turned to  the subject o f core meltdown. One speaker 
pointed out that although the probability o f a meltdown was given in WASH-1400 
as 10-4, it should be made clear that there is a range o f meltdown accidents, and 
many do not present any serious risk to  the public. The probability of a high- 
consequence accident is a lot lower. The economic aspects to  the plant o f a 10 -4 
melt-through may be more serious than the safety ones. It was also observed that 
weather conditions would be an im portant factor in the am ount o f radioactivity 
released in the case o f a meltdown.

A nother speaker emphasized that safety is not an absolute, but can only be 
gauged relative to  its benefit. The problem is that to  the public the perceived bene
fits o f nuclear power are small (they cannot believe that there could ever be a 
shortage o f electricity), bu t the perceived risks are very large. This perception does 
not lead to  a technical discussion, but evolves into a political debate. Had aviation 
safety been similarly politicized some years ago, we would not be flying today.

The discussion turned to  the question as to  whether it was possible to  achieve 
progress in preventing or mitigating low-probability accidents. One opinion was 
that experience would not do much good, because there will never be a large 
am ount o f experience with very rare accidents. Another speaker felt that progress
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will come slowly, and only on the basis o f experience. Thus a m oratorium , unless 
accompanied by technical work during the pause, would be a move in the wrong 
direction.

Question 2 — How good is the regulatory process?
Too much bureaucracy?

In Japan, since the Three Mile Island accident, the regulatory body has tended 
to be more stringent.

There were 52 items listed for improvement in safety assessment, o f which 42 
have now been fixed. Some utilities believe this is too bureaucratic. There is much 
paper work to  be prepared, and a great deal of time is then needed to  review the 
information. The public does not think the new procedures are wrong. Like the 
authorities, it was shocked by the TMI accident. Nevertheless, it seems that the 
m atters on which the authorities concentrate indicate some unbalance in their 
judgement. Efforts have been concentrated on the PWR pressurizer, stress corrosion 
of piping, and fractures in heat exchanger piping. Some assessments are undertaken 
in too great detail, while others are not detailed enough.

The chairman agreed that sometimes safety regulation activities tend to  be 
too bureaucratic, and too much confidence is placed on codes. This can result 
in a lot o f effort being expended in comparing one docum ent with another to  ensure 
that docum ents agree, rather than checking the plant itself. Although codes and 
standards are needed, comparing standardized reports is not a fruitful m ethod for 
achieving safety.

A nother panel member stated that safety analyses are only acceptable if they 
have been undertaken by technical people working in the field, so that safety is 
guaranteed by their experience, and not simply turned over to the bureaucracy.

It was pointed out that in the Federal Republic of Germany the responsibility 
for issuing a licence is at the state level and this activity is supervised at the federal 
level, so there are redundant systems in the licensing process. In o ther countries 
the licensing procedures are different. In particular, when a country is embarking 
on a nuclear power programme, it is not simply a problem of transferring 
technology, but it is necessary to ensure that there is an appropriate structure, as 
well as capabilities for quality assurance and for ensuring that proper personnel 
are selected and trained to  operate the plant. It is therefore im portant that these 
countries are given assistance to  start the nuclear power programme.

Dr. Eklund underlined the need to avoid bureaucracy in regulations. He 
warned that it is possible for us to  block ourselves with too much regulation. 
Regulatory authorities must show common sense if progress is to  be made in nuclear 
power. If  Hahn, Meitner and Strassmann had had to  go through all the paperwork 
now required, they might never have discovered fission.
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Trans-frontier aspects

One panel member observed that an incident in one country may have an 
influence far beyond the country where it occurs. A country must know that 
the authorities in a neighbouring country are doing their jobs correctly, and must 
be able to  assure its own population of this. Its responsibility is to  protect its 
people from damage at home and from across the border. It is not clear whether 
the best means of doing this is through bilateral or international agreements.

A nother panel member acknowledged the importance of international co
operation in nuclear safety matters, but he emphasized that this should not be 
considered as being simply a means for exchanging experience. A more ambitious 
target should be set to  obtain some harmonization of safety regulations. In aviation 
there is a world-wide acceptance of the air regulations o f the United States Federal 
Aviation Administration. This is on an empirical basis, since planes from all 
countries must land in the USA. A good start in nuclear safety co-operation has 
been made by the IAEA, with the production of nuclear safety codes and guides, 
but although this is im portant, it is not enough. We should be able to  derive much 
greater benefit from the large am ount of experience already acquired. The IAEA 
could play an im portant role in this field.

Dr. Eklund stated that Austria had asked the IAEA to study the question of 
trans-frontier aspects, a very complex subject analogous to the international 
problems caused by industrial contamination of rivers.

Voluntary versus non-voluntary

A speaker from the floor questioned the validity o f the comparison between 
flying and nuclear energy. She pointed out that it was her own decision if she 
chose to fly. However, it is different if France, for example, builds a nuclear power 
plant on one side of the Rhine; this is very im portant to  Germany. This type of 
action is part of the crisis in public acceptance of nuclear energy.

The chairman responded by stating that there is a real similarity between 
nuclear energy and public transportation. Only the authorities who regulate the 
industry can influence-the risks associated with it; an individual passenger cannot 
influence those risks.

Agreeing that the question of nuclear power plant siting close to  national 
borders is very im portant, one panel member said he believed that it should be 
settled by direct agreement between the countries involved. Technical problems 
may be settled at an international level, but safety measures concerning a 
particular plant are the responsibility o f the states concerned.

It was pointed out that, with respect to  voluntary versus non-voluntary risks, 
those who oppose nuclear power have a very different perception of benefit from 
those who favour it. Moreover, the opponents emphasize the qualitative rather
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than the quantitative aspects o f the risks. Thus if the risk were reduced from 10 -4 
to 10~s, 10~6, or 10_8, those opponents would still not be in favour of 
nuclear power.

SUMMARY

Safety can never be absolute, but as more inform ation is collected by 
individual countries, and with the co-operation o f  the international agencies, we 
can continually improve the level of safety. On a pragmatic basis, nuclear power 
is regarded as essential for some countries that would otherwise be dependent 
on im ported oil. For o ther countries the decision may be that the theoretical risks 
o f low-consequence accidents are too great to warrant the choice o f nuclear power 
for energy. The public perceives the risks to be large, and the benefits small.
This may ironically be due to the industry’s emphasis on safety and regulation.

Whether regulatory bodies are well oriented to  ensure that a high level of 
safety is achieved is an open question. We must guard against too much 
bureaucracy, against efforts spent on comparing docum ents rather than actually 
checking plant safety. Bilateral agreements, as well as co-operation o f international 
organizations, can aid in solving trans-frontier regulatory problems.
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Abstract
/

TWO DECADES OF NUCLEAR POWER PLANT OPERATION.
Nuclear power plants in the UK fall within the regulatory control of the Nuclear 

Installations Inspectorate, a division of the Health and Safety Executive. The operation of 
nine magnox gas-cooled reactors and two advanced gas-cooled reactors has given rise to no 
serious accidents or exposures of staff or public to  significant levels of radiation. Reporting 
of accidents is covered by three main procedures. The most serious are reported immediately 
under the Nuclear Installations (Dangerous Occurrences) Regulations 1965. Less serious 
occurrences, including radiation exposures and plant failures which may affect safety, must 
also be reported immediately. A notification system for less serious occurrences has been 
in force since 1977. The highest practicable standards were used in the design, construction 
and operation of all nuclear power plants in the UK. Growing operational experience and 
increasing knowledge of reactor safety have led to  more comprehensive demonstrations 
that the required safety standards have been achieved and maintained. This is a continuous 
process achieved by a variety of controls and procedures specified by conditions attached to 
the site licences. The magnox reactors have suffered from two important problems during 
their service so far. Unexpectedly high oxidation of some mild steel components was 
discovered in 1968, but has been satisfactorily controlled with some reduction in output. 
Recently, inspections have revealed defects associated with the steel pressure circuits.
Some of these defects have led to  the shutdown of two of the earlier stations for repair. It 
appears that most of the defects now being found were undiscovered construction defects 
and there is little or no evidence of in-service deterioration. The first two AGRs were 
commissioned in 1976. Availability has only been about 30% mainly due to difficulties 
with the conventional plant. Satisfactory on-load refuelling has not yet been achieved.

1. SAFETY EXPERIENCE

The potential hazards to  staff o f nuclear power plants and nearby members 
of the public can be considered to  be of two kinds: ordinary industrial risks, 
such as occur throughout the manufacturing and process industries generally, 
and those radiological hazards which are peculiar to  nuclear power plants.
This division used to  be reflected clearly in the legislation by the separate 
Factories Acts and Nuclear Installations Act. Since 1974, however, the main 
safety legislation governing the Health and Safety standards at nuclear installations

35
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in the United Kingdom is the Health and Safety at Work Act 1974 and the 
associated relevant statu tory  provisions of the Nuclear Installations Act 1965.
No nuclear reactor or installations prescribed in the regulations made under the 
1965 Act may be constructed or operated w ithout a nuclear site licence granted 
by the Health and Safety Executive. The Executive is empowered to  attach 
such conditions to  nuclear site licences as it deems necessary or desirable in the 
interest o f safety, and these conditions can be legally enforced under statutory 
penalties. The operators o f licensed nuclear sites are responsible for the safe 
operation of their installations and for compliance with the conditions attached 
to  nuclear site licences. The Nuclear Installations Inspectorate of the Health 
and Safety Executive has the responsibility for determining and developing 
safety requirements and for ensuring that all the necessary safety precautions 
are taken by the licensees.

The UK operating experience comes from nine twin-reactor commercial 
nuclear power stations of the magnox type and two twin-reactor stations o f the 
advanced gas-cooled (AGR) type operated by the electricity supply undertaking 
in the UK. A further three AGR stations are under construction and approaching 
completion. Details o f all the stations are shown in Table I. The first o f  the 
magnox reactor stations came into operation in 1962 and the AGR stations in 
early 1976. The magnox stations have between them  accumulated some 
230 years o f operating experience and although there have been a num ber of 
defects and failures which have required careful consideration they have con
tinued to  give a satisfactory safety performance. Radiological hazards exist 
during normal operation bu t no member o f the public has suffered harm from 
the operation o f any nuclear power plant in the UK. The radiological exposures 
o f the operating staff have been kept well within nationally and internationally 
agreed limits; this can be seen from  Table II, which shows data for all power 
plant sites in the UK in 1979.

None o f the reactor accidents that have occurred so far has involved a large 
radiological hazard. There have been two accidents which have been classed as 
Dangerous Occurrences under the appropriate Regulations. Both these resulted 
in accidental depressurization o f the reactors, bu t both  occurred whilst the 
reactors were shut down. In one control rod standpipe closure plug did not 
seat properly and as the reactor pressure was increased, prior to  start-up, the 
plug blew out and allowed the reactor coolant gas to  discharge to  atmosphere.
In the other the reactor had been shut down and was being depressurized when 
the on-load fuelling machine became uncoupled from a standpipe; this again 
caused a release o f reactor gas bu t with no radiological significance. Occasionally 
small fires in air filters associated with contam inated enclosures or in piles o f 
very lowly contam inated combustible waste materials have led to  some un
scheduled discharges of radioactive materials. In no case has the release resulted 
in any degree o f contam ination either on or off the site which would have



38 GAUSDEN

ON
t~~
ON

СЛ
W
H
сл
Z
О
н

HGO
OS
W
»
O
Oh
РЙ
C 
«  
—I 
U 
p  
z 
ей
0
Ph
СЛ
U

1

Йw
cn  
O 
Q
Z
O

5
<
ой

w
hJ
CQ
<
H

2  S
3  2o
H

A
S
3
es

o
H

2 .sxl w
.■S ® C to ? O 
и -O

S § ¡2 -S
S «°* Л — O •o cea) «и
5  >»
«л * 0  
£ O
•3 -9
^  S
Z  Яa> >5
6 * § s3  cz aЛ

° .

A

о

A

o
A

я
<

£

o  —«00 «/■> 
со m

c-* 4̂0r> -H

TJ- r- 40
to  СЧ <N
CO (N  «—'

Г-* O NO N0

t*- On00 (N O
(N  ГЧ *-h

no on f- asчо
Tfr Г"- 00 N0

СО СО ONСО fS

^  Tt \0 Г-
no on r -

Г- On 
O  00

lO -M
os«Л

СО Г"- *—'
^ oNO u-j ©

00 о  со On ^
CO <N

<Tt f- 00
h  ^  00<N in Г-

oo чо On
O •—i UO ONКП чо Г- l>es

\û fo Иes 00 NO ^

M  1Л (N  M00 ГО Os oo^  1Л Ю *û

O i N O O O O O O O

o o o o o o o o o

C O O O s O O O O t - ' C O

с - » 4 0 ^ н с о © 0 ю © г - -

T f O N O O O C O O ^ O O  
M Tf H »*h irj

' O r ^ O N O < N O O O U O C O  
Г- 0 0  СО СО <—< »—< ONCM -m —« CS

O O O O s O C O C O ^ - ^ - O  
o o o o r -  es oo *—i
со со es o

C ^ C O m ^ J - N O C S C S r ^ O O
» O O c O O O O r - - H [ - - C - '^ HU* » ^ H^ - r - . ^ « r > VO< 0

>4Ü S34)

.so
Oh

>4

7343
>vC
«M**S * M

M *oce S t
»

Mffl Э
co

b
S  >2 
s >.
O £

Li
ce

ns
ee

’s 
sta

ff 
C 

= 
C

on
tr

ac
to

r’s 
st

af
f



IAEA-CN-39/2. 1 39

exceeded, or indeed approached, any limits recommended by international 
bodies.

Non-nuclear accidents have resulted in a small num ber o f  fatalities on 
nuclear power plants. In one, confusion between permits to  carry out electrical 
and mechanical work on an electrode boiler resulted in death by scalding o f a 
m aintenance worker. In another, part o f a large fuel handling flask dropped 
from a crane and caused a fatality. There has been no nuclear accident which 
has led to  the death of any operator.

As the design o f reactors has changed, especially with concrete vessels 
replacing the original steel ones in the UK, the total exposure o f workers has 
decreased as have those of individuals; this is shown by Table III and Fig.l. 
Experience has shown that as stations grow older there is no general increase 
in exposures. However, tw o factors have caused specific increases for some 
classes o f operators. The most significant o f these so far was the difficulty 
experienced w ith the storage o f  irradiated fuel at some o f the nuclear power 
station sites. The irradiated fuel elements from the magnox reactors were 
intended to  be stored for a comparatively short tim e under water in ponds.
It was expected that the only significant debris which would be left for any 
length o f time on station was contam inated magnox from the splitters o f the 
fuel elements. However, for a variety o f reasons, the dwell times o f the irradiated 
magnox fuel elements in the cooling ponds increased and it was found that the 
magnox cladding was corroding at a much higher rate than had been expected. 
The corrosion of the magnox cladding led to  the release of the soluble fission 
product radiocaesium into the pond water and at some o f the stations corrosion 
products in the form of sludge containing irradiated fuel accumulated in the 
ponds. The clean-up o f the ponds involved the installation o f new treatm ent 
plants and the provision o f waste storage facilities o f  high-integrity containm ent 
as well as a significant effort by the operating staff. The major problems have 
now been rectified bu t prolonged storage of the irradiated magnox fuel elements 
presents a source o f  difficulty in the operation o f the cooling ponds and in 
controlling radiation exposures of the workers involved in these activities. 
However, the control procedures adopted have proved generally successful and 
there are only a few cases o f  radiation exposures in excess o f  the annual lim it o f 
5 rem whole body dose,1 and less than one case per year o f radiation exposure in 
excess o f the quarterly limit o f 3 rem whole body dose since the start of the 
nuclear power programme in the UK. The experience with AGR fuel in ponds 
is less extensive bu t has so far presented no problems.

The second set of circumstances which has led to  some increase in the 
doses to  m aintenance staff, and which is discussed later, has been the increasing 
requirem ent for more extensive and more detailed inspection o f the coolant

1 1 0 0 re m = lS v .
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F IG .l. Dose trends a t nuclear pow er stations in the United Kingdom  19 6 7 -1 9 7 9 .

gas ducts, which form part of the pressure containment. The increased scope 
o f these inspections, carried out during the statu tory  biennial shutdowns, has 
involved greatly increased numbers o f station m aintenance staff together with 
specialists from Headquarters departm ents and, in many cases, assistance from 
outside contractors. Some limited data supporting these statem ents are given 
in Table IV and Fig.2, which show the large increase in doses around 1972, when 
the Trawsfynydd ponds were affected as described above, and the small increase 
in recent years as inspection requirements have been increased.

2. CLASSIFICATION OF NUCLEAR ACCIDENTS

Accidents in nuclear power plants are of interest and im portance for many 
reasons. The potential off-site hazards from nuclear power plants have caused 
them  to be the focus o f unusually high public attention. In a potentially 
dangerous and comparatively new and developing industry, which extends some 
older technologies and develops new ones as well, it is very im portant that 
appropriate inform ation concerning any accident or near-miss is made available
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TABLE IV. ANNUAL DOSES AT TRAWSFYNYDD 
POWER STATION

Year 1967 1968 1969 1970 1971 1972

Total dose (rem) 113 203 184 244 334 575

Number o f workers 629 645 644 613 574 513

Dose per person 
(rem) 0.18 0.31 0.29 0.04 0.58 1.12

Year 1973 1974 1975 1976 1977 1978 1979

Total dose (rem) 414 254 197 200 198 220 227

Number of workers 509 541 539 537 553 539 547

Dose per person 
(rem) 0.81 0.47 0.37 0.37 0.36 0.41 0.41

FIG.2. Annual doses at Trawsfynydd pow er station.
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to  the interested parties. The Regulatory Authorities m ust be fully informed 
as must staff a t o ther nuclear power plants. In addition, Members o f Parliament, 
the press, radio and television and members o f the general public rightly expect 
to  be told what is happening. The dissemination o f inform ation on such m atters 
should help to  ensure that the claims for safety which are made on behalf o f 
nuclear power plants are seen to  be justified or, if  not, that m atters are 
rectified.

In the UK there are three broad categories in to  which accidents on nuclear 
power plants are divided, reflecting their ability to  cause actual or potential 
harm. The m ost serious accidents m ust be reported immediately to  the Health 
and Safety Executive (N11) under the Nuclear Installations (Dangerous 
Occurrences) Regulations 1965. Immediate reports are required o f the following 
incidents at a nuclear power plant:

(1) The release o f radioactivity or toxic substances causing, or likely to 
cause, death or serious injury

(2) Any uncontrolled criticality excursion
(3) Any explosion or fire likely to  affecty safety
(4) Any occurrence in the course of carriage o f nuclear m atter likely to  

cause death or injury as a result o f radioactivity, or the breaking open 
of any container in which nuclear m atter is being transported.

Under conditions attached to  site licences, operators m ust report immediately 
whenever anyone has been exposed to  radiation or contam ination above 
prescribed limits, and when inspection or testing reveals that the safe operation 
or condition o f the plant may be affected.

The foregoing arrangements cover all these incidents which have the more 
im portant implications for safety. Conditions attached to  the site licence cover 
other related topics by requiring records to  be maintained a t site, and available 
for inspection by the N11 site inspector. Such m atters include records o f all 
radiation exposures, operating records o f plants and m aintenance records. In 
addition the operators themselves keep details o f o ther minor occurrences for 
economic or managerial reasons.

In 1977 a serious leak o f contam inated water from a magnox waste storage 
silo at Windscale, which did no t have to  be reported under existing regulations, 
caused considerable public concern. This led to  a requirem ent for immediate 
notifications to  the responsible Government Minister o f this type o f occurrence 
and similar ones o f lesser significance which had no t up to  then to  be reported 
to  him under the Dangerous Occurrences Regulations. Consequently nuclear 
power plant operators, and other licensees, now report “ abnormal occurrences 
leading to  a release or spread o f radioactivity outside a controlled area; o r a 
similar occurrence inside a controlled area if in tha t event any special action or 
investigation by the operator is required” . All incidents reported in this way
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are published by the Health and Safety Executive in a quarterly report which is 
released to  the Press and copies o f which are placed in the libraries of both 
Houses of Parliament. Where necessary, follow-up reports on incidents are made 
and published in the same way. In parallel, o f course investigations and actions 
are carried out to  ensure that safety measures are improved and repetition of 
incidents prevented.

The system described above does not rely on a large num ber o f detailed 
definitions o f the types o f occurrences which need to  be reported. The success 
of such arrangements depends on the co-operation and understanding of the 
Licensees and is probably easier where, as in the UK, there are only a few 
Licensees, who are all w ithin the public sector.

An alternative regime of control, which may be necessary in other circum
stances, is for the Regulatory A uthority to  specify precisely what types of 
fault or occurrence need to  be reported. This, almost inevitably, produces a 
tremendous volume o f data and it is necessary to  establish effective arrangements 
for filtering and analysing all the reports so that the really significant ones can 
be identified and acted upon. The more comprehensive and detailed the 
requirements for reporting incidents and occurrences the more there will be an 
overlap with what are essentially m atters o f economic interest. For example, 
if  the reporting scheme requires the recording of all failures of all safety-related 
components it may find itself submerged in reports of minor component 
defects which, because the systems were designed with built-in redundancy, had 
no real effect on safety. Such matters are perhaps better dealt with by the 
establishment o f data banks for com ponent reliability, but the essential difficulty 
of categorizing incidents and occurrences remains. The broader, more flexible 
arrangements which exist in the UK can only be successful if  they are supported 
by a less formal flow o f inform ation between the operators and the Regulatory 
A uthority. This has been achieved in the UK by the development o f a regime of 
site inspection in which an inspector is allocated prime responsibility for a 
single site and visits it about twice a m onth for two or three days each time.
In this way he acquires a good practical knowledge of the plant and the staff 
which helps him to discern and evaluate trends which have significance for 
safety and, where n'ecessary, to  require the operating staff to  take corrective 
action. The site inspector is o f course supported by assistance from other assess
ment groups within the Inspectorate and both  the inspectors’ and assessors’ work 
from the same office.

3. SAFETY RECORD COMPARED WITH PROBABILITY FORECASTS

Almost all the operating power plants in the UK were designed, built and 
commissioned before the use o f probabilistic methods for fault and risk analyses
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were developed. There is therefore no basis for comparing forecasts and results. 
Even where later development o f such methods is applied to  the operating 
reactors, m ost of the im portant accidents have such low predicted probabilities 
that the num ber of accumulated reactor years o f accident-free experience is not 
statistically very significant. Nevertheless the record is reassuring in so far as 
predictions have nowhere been shown to be optimistic.

4. METHODS USED TO UPGRADE SAFETY

The highest practicable standards have been used in the design, construction 
and operation of all the nuclear power plants in the UK from the beginning of 
the programme at Calder Hall in the 1950s. Nevertheless, growing operational 
experience and increased knowledge of reactor safety have led to  more com
prehensive dem onstrations that required safety standards have been achieved. 
Each reactor has been required to  be shut down energy tw o years in order that 
statu tory  boiler inspections can be carried out. O ther routine overhauls, 
inspections and m aintenance are also carried out during the same period of shut
down, especially on those items which are inaccessible whilst the reactors is 
operating. In 1968 these inspections led to  the discovery that oxidation of 
certain mild steel com ponents in the reactors was proceeding at a much faster 
rate than expected and might have significant safety implications. Widespread 
investigations including inspection and laboratory and theoretical work have led 
to  satisfactory control measures being adopted. The m ost im portant o f these 
has been the lowering o f the bulk gas outlet tem perature from about 400°C to a 
maximum of 360°C, with a consequent loss of output. Inspection o f various 
fastenings, including welds, led to  the discovery o f cracks in certain welds. For 
various reasons the inspection o f welded com ponents was extended and has led 
to  major programmes o f inspection and, where necessary, refurbishment. These 
topics will be developed later in this section.

The m aintenance o f acceptable levels of safety is a continuous process 
which is achieved by a variety o f means, the most im portant o f which are 
specified by conditions attached to  the  Site Licence by the Nuclear Installations 
Inspectorate (N11), acting on behalf o f the Health and Safety Inspectorate (HSE) 
and enforced by them . These licence conditions result in the following controls 
being applied.

4.1. The Licensee’s own Nuclear Safety Committee

All Licensees are required to  establish a formal Nuclear Safety Committee 
o f persons with suitable qualifications and experience for the purpose o f  con
sidering and advising them  on all m atters which might affect safety on or off
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the site. The proceedings o f these safety committees are furnished to  the 
Inspectorate. In this way the Inspectorate has the means to  m onitor the 
effectiveness o f self-regulation of safety m atters established within the framework 
of conditions attached to  the Site Licence. The Licensee is responsible for 
appointing the members of the Nuclear Safety Committee but the Nuclear 
Inspectorate has the power o f veto over such appointm ents. The committee 
regulates its own affairs but confines its deliberations to  the following matters:

(1) Any proposed alteration, addition or modification to  the nuclear 
power station plant

(2) Any proposed alteration or am endm ent to  the operating rules
(3) Any experim ent proposed to  be carried out in connection with the 

nuclear power station plant
(4) Any other m atter referred to  the Nuclear Safety Committee by the 

Licensee.

The members o f the Safety Committee are usually senior members, from 
appropriate departm ents, o f the Licensee’s own organization bu t each individual 
is appointed in his own right and not necessarily ex-officio. In order to  obtain 
as broad a judgem ent as possible it is usual for the committees to  include 
members from  more than one location within the Licensee’s organization and 
also, if possible, outside members from other comparable organizations.

4.2. A formal set o f operating rules

To ensure the safe running o f nuclear plant the Licensee is required to  
specify plant operating rules and plant operating limits. These rules and limits 
are derived from the safety studies made during the design and construction 
phase o f the plant and from the results of the commissioning tests and inspections. 
The scope and content of the rules or limits are subject to  formal assessment 
and approval procedures. The formal set o f operating rules is supplemented by 
detailed operating instructions. Copies o f these detailed instructions which relate 
to  operating rules are furnished to  the Inspectorate. Any changes to  operating 
instructions have to  be subm itted within 14 days of such change being made.

4.3. Medical supervision and radiological protection

A major part o f the conditions o f a Licence relates to  provisions for the 
medical supervision and radiological protection o f persons employed on the 
site including means o f detecting radiation and assessing exposure o f persons 
employed. The limits to  which persons may be exposed to  radiation are laid 
down together with allowed levels o f contam ination of working areas by radio
active substances. Each site is required to  provide protective clothing and suitable
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equipm ent to  enable persons to  work in areas o f significant potential exposure 
to  radiation or contam ination and workers are required to  be trained in the use 
of such equipment. Where a worker may have suffered an exposure to  radiation 
in excess o f the specified limits the Licensee is required to  make an investigation 
and report on the circumstances. In more serious cases the site inspector him
self may carry out an investigation.

4.4. Emergency arrangements

Licensees are required to  make arrangements to  deal with abnormal 
situations or emergencies on the licensed site. Where the potential for harm due 
to  an accident might extend beyond the site boundary, e.g. a major accident at 
a nuclear power reactor, the Licensee’s arrangements m ust include provision for 
monitoring off-site radiation and collaborating with local authorities, police and 
o ther organizations to  ensure tha t persons living or working near the sites are 
not harmed. It is a requirem ent o f the Licence that these arrangements should 
be rehearsed to  such an extent and at such times as the Inspectorate may direct 
and tha t staff should undergo training at such shorter intervals as may be 
appropriate. Current practice is for there to be an annual emergency exercise 
which is a dem onstration to  the Inspectorate and m ust be to  its satisfaction. All 
the emergency arrangements are subject to  detailed assessment by the Inspectorate 
and are formally approved. For any power reactor the Licensee is required to  
have an emergency plan which has been formally approved and successfully 
dem onstrated to  the Inspectorate before any fuel is allowed on site. The 
experience at Three Mile Island has been reviewed bu t the only major change 
to  the general arrangements has been strengthening o f the measures for 
informing government ministers and the general public via the communications 
media.

4.5. Maintenance and inspection

Because the initial standards of safety cannot be allowed to  deteriorate 
during the operating life o f the plant the Licensee is required to  institute 
appropriate inspection, testing and maintenance procedures for selected items of 
plant. The com ponents and systems which are selected for this extra attention 
include the reactor core, the gas containm ent and circulation systems, the  heat 
exchangers and feed-water arrangements, the emergency shutdown systems, and 
all essential supplies for maintaining a reactor shut down and cooled. Again 
these procedures are incorporated in a Maintenance Schedule made subject to 
formal assessment and approval.

The Licensee is also required, for the purpose of implementing the 
maintenance schedule, to  make formal instructions known as the Maintenance 
Instructions and these are available to  the Inspectorate on site.
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4.6. Plant modifications

Repairs and modifications to  the plant may become necessary from time- 
to-time and appropriate procedures are required by licence conditions. These 
require any change to  installed plant to be fully specified and thoroughly 
considered by the Licensee’s own organization. The procedures themselves are 
made subject to  formal assessment and approval.

For the most im portant modifications, which, if  inadequately conceived or 
executed, might lead to  a serious increase in the risk of radiological hazard or 
which involve significant alteration to  the principles on which safety arguments 
have been based, the approval o f the Nuclear Safety Committee is necessary and 
also the agreement o f the Inspectorate.

For less im portant modifications with safety relevance the approval o f all 
the relevant departm ents o f the Licensee’s organization is required, but the 
agreed change is only reported retrospectively to  the Nuclear Safety Committee 
and to  the Inspectorate.

By extending the definition o f modification to  include any defect, including 
cracks, discovered during inspection a very close control is established on 
decisions concerning rectification or acceptance of such defects.

4.7. Magnox Reactors

Many of the magnox reactors are coming within sight o f the end o f their 
original design life. The increased inspections of the pressure circuit and other 
major structural com ponents using modern techniques have shown up some 
worrying defects. Most o f the weld cracks so far discovered have been shown 
to be original or construction defects which have not deteriorated in service.
The remainder fall in to  two classes: some relate to  poorly designed internal 
structures and will be recurrent failures with no great safety significance and 
which can be routinely repaired; the rest are those about which some suspicion 
o f service damage remains and which require repeated inspection. Major defects 
were found on (similar) bellows restraints at Dungeness ‘A’ and Bradwell and 
judged to  be o f such im portance that both stations were shut down early in 
1980. Detailed investigations have confirmed the need for repair or replacement 
of some o f the bellows units and plans to  do this are in hand. Metallurgical and 
other evidence suggests that the defects in the welds were caused during con
struction, possibly during the stress-relieving process, and were no t detected by 
the inspections carried out at that time. This failure to  detect imperfections in 
the weld was partly because of the limitations o f the inspection techniques at 
that tim e and partly because there were no re-inspections carried out after stress 
relieving. The situation is not, however, as serious as might be thought because 
all o f the com ponents, such as bellows units, were pressure-tested at works to
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pressures well in excess o f their operating levels. In addition, after installation 
at site, the whole of the pressure circuit was subjected to  a pressure test at 
about 20% above operating pressures and there has been no in-service failure. 
Nevertheless, an increased programme o f inspection of the gas ducts has been put 
in hand w ith the objective of ensuring that, by the end of the 1980 inspection, at 
least 25% o f all the major com ponents and ducts will have been inspected by 
modern non-destructive testing methods. The need for further inspections in 
subsequent years will be reviewed in the light o f the results o f this year’s 
inspections.

Although in the last one or two years the greatest concern and attention 
have been focused on the  need to  validate the integrity of the pressure circuit the 
slow but steady effects o f mild-steel oxidation have not been forgotten. The 
reduction in maximum coolant operating tem peratures and the careful control of 
the purity o f the C 0 2 coolant have reduced the rate of increase o f mild-steel 
oxidation so tha t there is every prospect, from this point o f view, o f many 
further years’ operation. When the problem was first discovered a comprehensive 
review o f all vulnerable parts was undertaken. This concentrated largely on 
identifying the design and materials used in all fasteners, w hether these were bolts, 
screws, welds or clips. The effect o f  build-up o f oxide on the com ponents in 
question is analysed and up-dated every year to  allow for a further year’s increase 
in oxide thicknesses. The results o f this survey, each year, throw  up a num ber 
of com ponents which are m ost at risk. A second review o f these sensitive 
com ponents and features is then carried out to  check their safety significance 
and to  ensure that subsequent inspections check w hether the predictions are in 
fact correct and whether any com ponents are near to  failure. This has required 
the development o f many in-core inspection techniques involving the use of 
remote-handling equipm ent for camera or television surveys and some non
destructive testing. Not all o f the internal areas are accessible, even to  cameras, 
bu t it is argued in the safety case tha t the areas m ost at risk are the ho ttest and 
these are generally at the top o f the core and are most readily accessible. Careful 
inspection and removal of samples from the boilers also provides confirm atory 
evidence as to  the state o f plant inside the reactor’s pressure vessel. In addition 
there are in-core samples which are used in monitoring schemes to  enable the 
progress o f the oxidation to  be m onitored and appropriate forecasts made. On 
the twin reactor stations one reactor is shut down each year and the state o f the 
oxidation is used as a guide, with appropriate allowances, for assessing the 
condition o f the other reactor. At present, therefore, the technical control o f 
oxidation o f the magnox reactors by operating limits for im portant parameters is 
generally satisfactory. It is unlikely tha t any future deterioration would be 
rapid enough for the present control procedures to  be unsatisfactory.

The periodic shutdowns and inspections have revealed no crucial deteriora
tion which suggests that any particular plant has reached the end o f its design
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life. Nevertheless com ponents and systems are known to deteriorate with age 
and the special hazards of the neutron flux added to  o ther aspects o f the 
operating environment indicate a need for caution. The Inspectorate has there
fore called for a comprehensive safety review by the Licensee before operation 
beyond 20 years, the nominal design life, will be permitted.

4.8. AGRs

At the same time, the first members of the second generation of gas-cooled 
reactors, the AGRs, are just emerging from an extended period o f commissioning 
and working up to  full operation. The first two AGRs were commissioned early 
in 1976 and worked up to  power operation later that year. Hinkley Point ‘B’ 
was re-assessed in the autum n of 1977 to  consider late design changes, experience 
from power operation and matters outstanding from the earlier assessment. The 
im portant issues arising from this review were: the tolerance to  insulation loss 
in that region o f the gas baffle dome through which fuelling and control rod 
guide tubes pass and the detection of any loss; evidence that there is adequate 
protection of the boiler feed system in the event o f total feed loss; and the effects 
hot C 0 2 coolant gas released in a depressurization accident would have.

The early m onths of operation of the AGRs showed up a number o f pro
blems on the reactors and auxiliary systems. The low availability o f the reactors 
over the first four years, about 30%, has however been mainly due to  difficulties 
with the major conventional plant components and is comparable with the early 
life availabilities o f fossil-fuelled plants.

The problems experienced with the fuel stringer and charge plug assemblies 
started with serious vibration o f the individual gags, which m atch channel gas 
flow to power, as high powers were approached. Small changes to  the design 
eliminated this problem and, in retrospect, perhaps its main lesson is as another 
example that development and rig testing, however extensive, is rarely completely 
satisfactory. Nevertheless such rig work is essential.

The achievement of successful on-load refuelling was expected to  be 
difficult and this has proved to  be the case. Soon after the first attem pts were 
begun, at low flows, a. fuel stringer containing severely damaged graphite sleeves 
was discovered and removed from the reactor. Analysing o f the cause of this 
failure has led to  a solution but there remain a num ber o f refuelling problems 
which have no t yet been fully overcome for the first two AGRs.

A nother problem associated with the fuel charge path has been identified 
and additional emergency cooling has been installed to  deal with stringers which 
could become stuck at sensitive points in the charge tube or fuelling machine.

The early performance of the fuel elements and pins has been generally 
good, with little or no spalling o f oxide from the stainless steel cans and few pin 
failures. This has resulted in very clean circuits and no problems in the irradiated
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fuel storage ponds. The few pin failures which have occurred seem to have been 
caused by a com bination o f  two factors; pin identification numbers marked on 
the end-cap have cracked as a result of the somewhat high num ber of thermal 
transients resulting from the many shutdowns experienced in early operation.
The potential effects o f this end-cap failure problem have been mitigated by the 
lower than forecast build-up of fission gas pressure in the pins.

The only problems with the concrete pressure vessel have been associated 
with the penetrations for boiler feed and steam pipes. The original design o f the 
economizer feed penetration included a rigid support o f the feed tube bundle 
onto the outside o f the concrete vessel. Excessive relative movements of this 
tube bundle and the shutter-tube lining the penetration, especially after reactor 
shutdowns, gave cause for concern o f the integrity o f the weld sealing the tube 
bundle to  the vessel liner. A redesigned constant-load support system with 
greater flexibility cured this problem. The other snag was the need to  improve 
the therm al insulation in the penetrations to  ensure that concrete temperatures 
were within acceptable limits.

The auxiliary cooling water systems for essential com ponents inside the 
vessel, such as circulator motors, penetration closures and charge tubes, have 
given some problems which require correction. If small leaks develop during 
normal operation there will be some leakage o f gas into the water. The problems 
then are twofold; firstly, any radioactive contam ination from the gas may spread 
to  unforeseen areas on the water side and, secondly, the gas may cause accelerated 
corrosion defects on the water side and possibly impair the performance of 
essential components. More serious problems can arise if  the reactor is shut 
down and the gas pressure drops so that coolant water is sucked into the reactor 
vessel. In essence this was what happened at Hunterston В in 1977 when salt 
water entered the reactor concrete pressure vessel and a gas circulator com part
ment via a tem porary connection from the gas circulator cooling system to a 
sea water system.

Farther down the auxiliary coolant chains the unwanted heat is rejected 
from the water to  the ultim ate sink, the sea,via large systems which are akin to  
the cooling-water systems for the condensate of the main turbine generators.
At Hinkley Point B, in 1977, a main valve in this reactor sea-water system failed 
to  operate correctly and the resulting water hammer fractured a cast iron main 
and flooded its half of the pump house. The fault could not be isolated and so 
bo th  reactors had to  shut down; even then there was some residual hazard and 
ad hoc measures were taken prom ptly and successfully to  ensure final effective 
cooling. Since then system changes have increased the available optional flow 
paths, improved the effective segregation and allowed necessary maintenance to 
be more readily carried out.

The first AGRs were designed so that some man-access was expected and 
would be possible during m aintenance periods, at least in the first few years.
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This has proved valuable and was especially so during the rectification o f the 
consequences of the sea-water ingress at H unterston B. As the radioactivity in 
the circuit builds up, man-access may become more difficult and greater 
emphasis will be placed on rem ote methods o f inspection. The later designs will 
cater more fully for rem ote inspections. This may lead to  longer shutdowns in 
order to  achieve the same coverage as would man-entry inspection.

The twin stations at Hartlepool ‘A’ and Heysham ‘A’ are of later design 
and many o f the difficulties with plant items referred to  above have been 
satisfactorily resolved for these reactors. More recently construction permission 
has been given for further reactors at Heysham ‘B’ and at Tomess in Scotland.
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Abstract-Résumé

LESSONS DRAWN FROM SERIOUS ACCIDENTS IN NUCLEAR POWER STATIONS.
Taking a number of serious accidents considered to be particularly representative 

(Windscale, Enrico Fermi, Lucens, Browns Ferry, Three Mile Island and Saint-Laurent-des-Eaux), 
the paper analyses the conclusions reached in subsequent enquiries and the lessons drawn from 
them by the responsible authorities. While design problems sometimes come to light, it is 
much more generally operational safety — problems related to instructions, the training of 
operators, the man/machine relationship — which appears to be inadequate. The organization 
of relations between the different partners — builders, operators and safety bodies — likewise 
gives rise to  some observations. Certain measures should be pursued on a broader scale in order 
to  improve our ability to prevent serious accidents: (i) incidents im portant from the standpoint 
of safety must be identified; (ii) these incidents must be brought to  the knowledge of all 
partners concerned, in all interested countries; (iii) the lessons drawn from them must be 
exchanged and compared; and (iv) the lessons must be made generally available in a directly 
usable form (i.e. as design modifications, changes in instructions and so on). Particular attention 
must be given to  the problems of countries which are embarking on nuclear programmes and 
which, with a small number of installations, need direct and permanent access to all the lessons 
drawn from the operation of a large power station park, and must be able to call upon the 
assistance of teams from outside in the event of an accident.

ENSEIGNEMENTS TIRES D’ACCIDENTS IMPORTANTS SURVENUS DANS LES 
CENTRALES NUCLEAIRES.

A partir de quelques accidents importants jugés particulièrement représentatifs (Windscale, 
Enrico Fermi, Lucens, Browns Ferry, Three Mile Island et Saint-Laurent-des-Eaux), on analyse 
les conclusions des enquêtes effectuées et les enseignements qu’en ont tirés les autorités 
responsables. Si la conception est parfois mise en cause, c’est très généralement la sûreté en 
exploitation — consignes, formation des opérateurs, interface homme-machine — qui apparaît 
insuffisante. L’organisation des relations entre les différents partenaires, constructeurs, 
exploitants et organismes de sûreté, soulève également des observations. Un certain nombre 
d’actions devraient être poursuivies et élargies pour améliorer la prévention des grands accidents:
1) il faut identifier les incidents significatifs pour la sûreté; 2) ces incidents doivent être portés 
à la connaissance de tous les partenaires concernés et dans tous les pays intéressés; 3) les 
enseignements tirés doivent être échangés et confrontés; 4) ils doivent être diffusés sous une 
forme directement utilisable (modifications de conception, adaptation de consignes, etc.).
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Une attention particulière doit être apportée au cas des pays qui s’engagent dans un programme 
nucléaire et qui, avec un petit nombre d’installations, ont besoin, d’une part, d’avoir un accès 
direct et permanent à tous les enseignements retirés de l’exploitation d’un parc im portant de 
centrales et, d’autre part, de pouvoir faire appel à l’assistance d’équipes extérieures en cas 
d’accident.

1. INTRODUCTION

Au cours d'une émission récente de la Télévision française 
consacrée à l'énergie nucléaire -spécifiquement, aux surgénérateurs-, 
un opposant déclarait en substance aux experts présents :
"je sais que vous allez encore nous parler de probabilités, en 
avançant des chiffres de 1 sur 1 000 000, que sais-je !... et puis 
ce sera comme à TMI1 : on disait qu'il ne pouvait pas y avoir d'ac
cident, et l'accident impossible est arrivé !". La Commission 
KEMENY, aux Etats-Unis, exprime une opinion voisine lorsqu'elle 
reproche aux différents partenaires -constructeurs, exploitants et 
autorités réglementaires- un même état d'esprit : la conviction, 
appuyée sur des années d'exploitation sans dommage pour le public, 
que les centrales nucléaires étaient parfaitement sûres.

Les spécialistes de sûreté ne s'estiment peut-être pas visés 
par ces critiques ; ils n'ont jamais soutenu qu'il n'y aurait pas 
d'accident nucléaire, et, en ce qui concerne l'éventualité d'une 
catastrophe, le rapport RASMUSSEN est venu corriger ce que pouvait 
avoir de trompeur la notion d'"accident maximal crédible". Mais il 
faut reconnaître que, dans le contexte d'une approche de sûreté 
orientée avant tout sur la prévention, tout accident grave qui 
survient sur une centrale nucléaire doit être considéré comme 
révélateur d'une défaillance de la sûreté, et par conséquent être 
l'occasion d'une remise en cause des méthodes et des données uti
lisées.

Il est clair que le problème des grands accidents domine 
actuellement toutes les questions de sûreté nucléaire et qu'il est 
sans doute déterminant pour le développement futur de l'énergie 
nucléaire. C'est à travers eux que le public et ses représentants 
apprécient le risque nucléaire ; ils servent de base aux critères 
de choix des sites ; et l'accident d'HARRISBURG démontre qu'ils ne 
doivent pas être négligés dans l'évaluation de l'intérêt économique 
du nucléaire.

Il est donc essentiel de se pencher sur les accidents impor
tants survenus dans le passé sur des centrales nucléaires, et d'en 
analyser les répercussions. Dans cette communication, on se limitera

1 TMI: Three Mile Island.
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aux seuls aspects de sûreté, mais le contre-coup d'un accident 
grave peut bien sûr dans certains cas déborder largement ce cadre 
et aller jusqu’à l'abandon d'une technologie ou même la remise 
en cause de l'énergie nucléaire dans un pays.

En reprenant la liste des accidents de centrales nucléaires, 
on est frappé de la grande disparité des traitements qui leur ont 
été accordés. Il est intéressant notamment d'opposer d'un côté TMI, 
qui, dix-huit mois plus tard, avait fait l'objet d'une multitude 
de rapports se proposant d'en tirer les leçons, dans tous les 
pays et pour toutes les techniques nucléaires, et de l'autre LUCENS, 
pour qui le rapport officiel final qui vient d'être publié dix ans 
après,conclut qu'on ne peut en tirer d'enseignement général en 
raison du particularisme de l'installation. Entre les deux, il 
existe une très large gamme d'accidents plus ou moins importants 
dont ont été tirés soit des enseignements de nature générique -par 
exemple BROWNS FERRY pour la protection incendie-, soit des ensei
gnements spécifiques à un type particulier de risque -par exemple 
SAINT-LAURENT (France) pour le vieillissement des réacteurs 
graphite-gaz.

Dans cette communication, nous nous efforcerons de dépasser 
chaque cas particulier pour dégager des orientations de portée 
générale. Mais il nous a paru nécessaire de partir d ’une brève 
analyse de quelques accidents qui nous ont paru particulièrement 
significatifs. Nous en avons tiré, classés par grandes catégories, 
des enseignements : modification de conception, changement d'appa
reillages, adaptation de consignes, formation du personnel, 
établissement de plans d'urgence, etc... Nous proposerons enfin 
des lignes d'action pour mieux tirer parti de l'expérience inter
nationale avec toujours le même objectif en vue : prévenir le 
renouvellement de tels accidents.

2. DESCRIPTION SIMPLIFIEE de QUELQUES ACCIDENTS REPRESENTATIFS

Il est possible de dresser une liste des accidents importants 
survenus sur des centrales nucléaires depuis l'origine, en se 
référant soit aux publications nationales présentées notamment à 
l'occasion des Conférences Internationales -Genève, Salzbourg, 
Vienne- soit aux documents de synthèse publiés par les organisations 
internationales, et notamment l'AIEA. Une telle liste présenterait 
cependant un caractère d'arbitraire, fonction des critères retenus 
pour placer la "coupure'' entre les accidents jugés importants et 
les autres ; il n'existe en effet pas de règle simple -en termes 
de dommages financiers ou de durée d'indisponibilité par exemple- 
qui permette de déterminer si un accident donné est important du 
point de vue de sa signification pour la sûreté, dans la mesure oû
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la sûreté s'intéresse autant à ce qui aurait pu se passer qu'à ce 
qui est survenu en fait.

De plus une telle liste ne constituerait pas un outil de tra
vail directement utilisable, car on ne peut pas disposer de l'en
semble des informations qui permettraient une analyse complète 
des accidents, et on ne peut même pas procéder à un traitement 
statistique sans se heurter à de sérieuses objections de représen
tativité et de cohérence des données. Nous avons donc choisi de 
nous limiter à une présentation de quelques accidents qui nous ont 
paru particulièrement représentatifs des problèmes actuels de 
sûreté. Ce choix est nécessairement arbitraire et reflète notre 
point de vue propre. Nous avons retenu les accidents suivants :

- WINDSCALE - Grande-Bretagne - 1957 : le rejet de 
radioactivité le plus significatif pour l'environnement.

- ENRICO FERMI - Etats-Unis - 1966 : une procédure de sûreté 
défai liante.

- LUCENS - Suisse - 1969 : avec pour conséquence l'arrêt 
définitif de l'installation.

- BROWNS FERRY - Etats-Unis - 1975 : pour le risque 
incendie.

- THREE MILE ISLAND - Etats-Unis - 1979 : le plus célèbre.

- SAINT-LAURENT-DES-EAUX - France - 1980 : sans conséquence, 
même économique, mais peut-être représentatif des incidents 
"précurseurs".

Pour chacun de ces accidents, nous allons en quelques mots 
en rappeler les circonstances principales.

WINDSCALE

Le réacteur de WINDSCALE, réacteur plutonigène sans récupé
ration d'énergie, n'entre pas dans la catégorie des centrales 
nucléaires et les circonstances très particulières de l'accident 
-au cours d'une opération de libération contrôlée de l'énergie 
Wigner accumulée dans le graphite modérateur- ne le rendent pas 
extrapolable à d'autres installations. Il nous a paru néanmoins 
utile de le citer en raison de l'importance du rejet de produits 
de fission dans l'environnement : environ 20 000 curies d'iode 131. 
C'est 1000 fois plus qu'à THREE MILE ISLAND. Or il semble que la 
situation ait été facilement maîtrisée par les autorités, et que 
les conséquences sanitaires, tant pour les travailleurs que pour



IAEA-CN-39/2.2 57

les populations, aient été très limitées (contamination au niveau 
de la thyroïde ou irradiation externe).

Sur le plan de la sûreté, il n'est pas inintéressant de re
prendre quelques conclusions de la Commission d'enquête, qui a 
relevé que les opérateurs ne disposaient pas de consignes précises 
et bien adaptées, que les instruments de contrôle n'étaient pas 
adaptés à l'opération en cours et que les opérateurs ont commis 
des erreurs de jugement imputables à des faiblesses d'organisation. 
Ne retrouve-t-on pas déjà les aspects "facteur humain" et "interface 
homme-machine" que TMI mettra en évidence 22 ans plus tard ?

ENRICO FERMI

Sur cette première centrale prototype à neutrons rapides, 
refroidie au sodium liquide, l'accident a entraîné la fusion de 
deux assemblages combustibles, et un arrêt de près de 4 ans, mais 
pas de conséquences radiologiques pour les travailleurs et l'en
vironnement, le bâtiment réacteur ayant été isolé automatiquement.

Les enseignements paraissent particulièrement intéressants sur 
le plan des procédures de sûreté :

a) la cause de l'accident -trouvée après plus d'un an de 
recherches- se situait au niveau de plaques de protection situées 
en-dessous du coeur, cassées par vibration, et dont les débris 
sont venus boucher un canal ; or ces plaques avaient été mises en 
place à la dernière minute, semble-t-il suite à une préoccupation 
des autorités de sûreté, qui devait ensuite s'avérer non fondée, 
les plaques ayant pu être supprimées sans dommage ;

b) les plaques ont été mises en place sans que les études 
indispensables aient été faites, et ne figuraient même pas sur les 
plans définitifs ;

c) un tel accident n'avait pas été pris en compte dans les 
études de sûreté ;

d) l'exploitant ne disposait pas de consignes précises en 
cas d'anomalies détectées par l'instrumentation : il s'est écoulé 
15 minutes entre leur identification par l'opérateur et l'arrêt 
d'urgence manuel sur signal d'activité.

On voit ici apparaître un certain nombre de problèmes géné
raux que l'on peut retrouver dans de nombreux autres incidents ou 
accidents -absence d'assurance de qualité sur les modifications, 
insuffisance d'analyse de séquences d'accidents, consignes mal 
adaptées-, mais aussi la mise en cause des dispositifs de sûreté 
qui sont "surajoutés" à l'installation, et non incorporés dès
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l'origine du projet, et qui présentent peut-être plus de risques 
que d'avantages.

LUCENS

Ce petit réacteur expérimental à eau lourde, de 8 MWe, est 
également à la limite de l'objet de cette conférence. L'accident 
survenu après seulement quelques mois de fonctionnement est cepen
dant instructif, 10 ans avant TMI, car il a entraîné l'arrêt 
définitif de l'installation. Plus que les causes et l'enchaînement 
de l'accident -défaillance sur une soufflante, entrée d'eau dans 
le circuit primaire de CO2, corrosion du combustible métallique, 
rupture du tube de force et fusion d'un élément combustible- qui 
sont très spécifiques au type de réacteur utilisé, il est intéres
sant de noter que le confinement constitué par la caverne dans 
laquelle était logé le réacteur et les dispositions prises par 
l'exploitant ont conduit à des conséquences radiologiques négligea
bles, tant pour l'environnement que pour les travailleurs.

BROWNS FERRY

Le site comportait deux réacteurs de 1100 MWe en fonctionne
ment et un troisième en construction. Un début d'incendie sur ce 
dernier s'est propagé aux câbles électriques des deux unités en 
exploitation, mettant hors service un grand nombre de circuits de 
contrôle et de sauvegarde. Les opérateurs ont arrêté manuellement 
les réacteurs et les ont maintenus en conditions sûres.

Il faut tout d'abord noter que l'accident de BROWNS FERRY 
est souvent cité comme l'exemple positif du facteur humain : loin 
d'aggraver la situation, les actions des opérateurs au contraire 
ont contribué à atteindre plus facilement des conditions satisfai
santes de sûreté. Mais 1 'importance de BROWNS FERRY réside bien 
sûr essentiellement dans les aspects de la protection contre 
l'incendie et ses répercussions sur la sûreté des installations 
nucléaires. Ce n'était certes pas le premier incendie important 
sur une centrale nucléaire -on peut citer CH00Z en 67, MUHLEBERG 
en 71, BUGEY en 71, SAINT-LAURENT en 74-, mais il a attiré 
l'attention sur trois points essentiels :

a) l'insuffisance de la réglementation, qui ne distinguait 
pas les trois niveaux : prévention, action, minimisation des 

conséquences ;

b) la nécessité d'une assurance de qualité adéquate pour 
tous les travaux, essais, maintenance, ... ;

c) le risque de défaillance de mode commun et de perte 
totale de fonction -par opposition au critère de défaillance
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unique utilisé par les projeteurs- par suite d'incendie ou 
d'autre phénomène de même nature.

Si les conclusions de la Commission réglementaire américaine 
ont été largement analysées à l'étranger, il faut remarquer qulelles 
n'étaient pas automatiquement transposables. C'est ainsi qu'en 
France à la date de l'accident des dispositions de séparation des 
voies de sûreté étaient déjà prises dans toutes les zones à risque 
incendie, et que les critères généraux applicables à la protection 
incendie avaient déjà été diffusés par les autorités de sûreté.

THREE MILE ISLAND

Il est inutile de rappeler les conditions de l'accident, et 
il serait vain de vouloir résumer les très nombreux rapports qui 
en ont tiré les multiples enseignements. On sait qu'aux Etats-Unis 
l'ensemble des recommandations issues des différents Comités, 
groupes de travail, "task forces", etc... a été regroupé et ordonné 
dans le document NUREG 0660 "NRC action plan developed as a result 
of the TMI-2 accident", dont la version finale a été publiée en 
mai 1980. Un travail en profondeur a été également engagé sur la 
réévaluation des phénomènes physiques mis en jeu au cours des 
séquences accidentelles, avec des prolongements sur les codes de 
calcul et sur les programnes expérimentaux, tel LOFT. Enfin 
l'industrie américaine a mis en place le NSAC -Nuclear Safety 
Analysis Center- pour l'interprétation des incidents d'exploitation, 
et l'INPO -Institute for Nuclear Power Operation- pour la qualifi
cation et la formation du personnel et l'organisation de l'exploi
tation des centrales.

On retrouvera dans les pages suivantes les grandes lignes 
des enseignements tirés aux Etats-Unis de l'accident TMI, classées 
par type d'enseignement. On se limitera ici à signaler que TMI a 
fait également l'objet d'analyses plus ou moins approfondies dans 
tous les pays engagés dans le développement des centrales nucléaires 
et qu'à cette occasion on a pu assister à un élargissement considé
rable de tous les échanges d'information entre les pays, par voie 
bilatérale, ou à travers des organismes internationaux comme 1 'AIEA 
et l'OCDE. Il existe certes d'un pays à l'autre des différences 
importantes, tant sur la conception technique des centrales que sur 
l'organisation de la sûreté, et il est clair par exemple qu'un 
grand nombre de recommandations américaines ne sont pas valables 
pour la situation française, ou doivent au moins être adaptées.
Il faut cependant reconnaître que TMI a permis d'effectuer 
d'importants progrès vers une coopération internationale plus 
efficace.

Il nous paraît utile de mentionner ici brièvement l'accident 
survenu à CRYSTAL RIVER - Etats-Unis - le 26 février 80 :
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portant sur une centrale équipée d'une chaudière semblable à celle 
de TMI, il a eu pour origine une perte partielle d'alimentation 
électrique et s'est traduit par un déversement dans l'enceinte 
d'une quantité importante -170 000 1- d'eau primaire, mais sans 
conséquences radiologiques pour l'environnement ou les travailleurs? 
Cet accident est intéressant à plusieurs titres :

a) il a donné lieu à une analyse très complète et très 
rapide du NSAC, que, le 10 mai 80, l'OCDE diffusait aux pays 
européens ;

b) il a permis de tester les premières recommandations post- 
TMI : suivant la formule du rapport NSAC, la procédure d'urgence 
pour "LOCA-petite brèche" est sûre, mais non nécessairement 
conservative ;

c) de même que TMI avait été précédé par l'incident DAVIS 
BESSE, en septembre 77, de même CRYSTAL RIVER l'avait été par Г 
i nci dent RANCHO SECO, en mars 78 : le problème des "précurseurs", 
qui n'attirent l'attention que lorsque leurs conséquences sont suf
fisamment sévères, reste posé.

SAINT-LAURENT-DES-EAUX

Si on a introduit dans cette liste très limitée l'incident 
survenu le 10 février 80 sur la première unité graphite-gaz de 
SAINT-LAURENT, bien qu'il n'ait eu aucune conséquence radiologique, 
ni même économique, alors que bien d'autres incidents plus sérieux 
soient survenus sur d'autres centrales -depuis CH00Z et TRINO 
VERCELLESE en 67, jusqu'à D0EL et PRAIRIE ISLAND en 79-, c'est 
que cet incident nous paraît très significatif de l'intérêt, pour 
la sûreté, d'aller au-delà de ce qui s'est réellement passé pour 
examiner ce qui aurait pu se passer si...

Au redémarrage du réacteur, les opérateurs ont effectué une 
montée en puissance trop rapide, par suite de la défaillance 
d'une instrumentation et ont dû arrêter manuellement la réaction 
au moment où les températures de sortie dépassaient les seuils 
d'alerte. Le combustible s'est trouvé ainsi soumis à une surchauffe 
importante, mais qui n'a entraîné heureusement qu'un nombre 
limité de ruptures de gaine en raison de la décision d'arrêt 
prise par l'opérateur.

L'analyse de l'incident a mis en évidence un certain 
nombre d'insuffisances, notamment dans les consignes 
d'exploitation,qui peuvent pour la plupartêtre reliées à une

2 CRYSTAL RIVER 3 a été recouplé sur le réseau le 10 août 1980.
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évolution des conditions d'exploitation dans une centrale dont le 
fonctionnement depuis une dizaine d'années a été exempt de tout 
incident, et c'est pourquoi les autorités de sûreté françaises ont 
jugé indispensable de procéder à une révision complète et appro
fondie des conditions d'exploitation des cinq centrales de ce type 
actuellement en service. Les trois axes de cette révision sont :

a) le ré-examen des consignes ;

b) la définition détaillée des règles de fonctionnement 
relatives à l'indisponibilité de certains matériels ;

c) le fonctionnement d'une assurance de qualité efficace 
en exploitation.

Nous avons bien conscience du caractère très partiel de 
cette brève revue. Plus encore que l'analyse d'autres incidents 
d'importance comparable, ce serait sans doute la revue de tous les 
incidents mineurs, qui font chaque jour l'objet d'un rapport dans 
un pays ou dans un autre, qui serait la plus riche d'enseignements. 
Cette question essentielle, celle des leçons tirées des incidents 
courants, fait l'objet d'autres communications à cette conférence. 
Il nous paraît cependant nécessaire d'insister sur l'intérêt, 
pour les exploitants comme pour les autorités de sûreté, qui doit 
être attaché à la connaissance de cette expérience, c'est-à-dire 
de toute information qui montre que la réalité n'a pas été conforme 
aux prévisions. Nous nous limiterons à un exemple : l'exploitation 
des rapports d'incidents relatifs à l'alimentation de secours des 
générateurs de vapeur sur les PWR américains montre d'une part que 
la fiabilité moyenne de ces systèmes n'est pas très bonne, et qu'il 
y a donc une certaine probabilité pour qu'en cas d'incident sur le 
primaire on ne puisse pas bénéficier du refroidissement par les 
générateurs de vapeur, et d'autre part que les défaillances de mode 
commun jouent un rôle primordial vis-à-vis des défaillances 
aléatoires. C'est à partir de données de ce type qu'il est possible 
de faire progresser la prévention des accidents graves.

3. ANALYSE des TYPES d'ENSEIGNEMENTS qui PEUVENT en ETRE TIRES

Le document NUREG 0660 - "Action Plan TMI-2" - cité plus 
haut classe les enseignements tirés de l'accident TMI en cinq 
catégories principales -Sûreté en exploitation, Site et Conception, 
Plans d'urgence, Procédures, Organisation NRC- elles-mêmes subdi
visées en chapitres et sous-chapitres, au total plus de 150 rubri
ques.

Nous n'avons pas cru pouvoir retenir cette classification, 
très spécifique de l'organisation américaine et des différents
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mécanismes mis en place après TMI, et nous proposons d'analyser 
les enseignements tirés des grands accidents en les regroupant 
comme suit :

- les modifications à apporter à la conception des 
centrales,

- l'adaptation des règles et consignes d'exploitation,

- la formation du personnel,

- l'interface homme-machine,

- l'organisation des relations entre constructeurs, exploi
tants et autorités de sûreté,

- le site et les plans d'urgence en cas d'accident.

3.1. Modifications éventuel les à apporter à la conception des 
centrales

Après un accident, et cela a été particulièrement évident 
après TMI, on observe souvent chez certains protagonistes une 
tendance à déclarer que la conception n'est pas en cause et que 
c'est du côté des opérateurs -ou à la rigueur de l'interface 
homme-machine- qu'il faut chercher les vraies causes et apporter 
les vrais remèdes. Dans cette optique, les modifications que le 
constructeur serait amené à proposer sous la pression des autorités 
de sûreté auraient plus un objectif politique que technique, et 
pourraient même dans certains cas aller contre la sûreté de 
l 'installation.

Il est certain qu'il faut faire preuve d'une extrême prudence 
avant d'apporter à un projet cohérent et bien étudié des modifica
tions tardives dont on n'aurait pas bien mesuré les conséquences : 
l'exemple de l'accident d'ENRICO FERMI cité plus haut est particu
lièrement significatif à cet égard ; on pourrait dire également par 
boutade que CRYSTAL RIVER est le premier accident résultant des 
recommandations post-TMI puisque c'est le nouveau dispositif de 
mesure de la marge à 1 'ébullition de l'eau primaire qui a été à 
l'origine de la perte partielle d'électricité. En fait, le point 
essentiel est qu'il faut mettre en oeuvre une assurance de qualité 
efficace, mais ceci est vrai pour toute la durée de l'exploitation.

Lorsqu'on revoit les recommandations des rapports analysant 
les incidents, on constate qu'une part importante porte sur des 
modifications de conception ; c'est vrai pour TMI, et plus parti
culièrement pour les chaudières Babcock et Wilcox, mais c'est vrai 
aussi par exemple pour CRYSTAL RIVER : le rapport NSAC formule
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19 recommandations, dont 10 portent sur la conception du système : 
alimentation en électricité, traitement des données et générateur 
de vapeur. Les constructeurs doivent donc reconnaître que bien 
souvent les grands accidents révèlent, sinon des erreurs ou insuf
fisances de conception, du moins des points faibles qui peuvent, 
et parfois doivent, être améliorés, même s'il est exact que géné
ralement la conception à elle seule ne peut être jugée responsable 
de l'accident, pour lequel il a fallu la coïncidence aggravante 
d'erreurs d'opérateurs ou de consignes mal adaptées.

La question essentielle qui se pose à notre sens surtout 
depuis TMI, est de savoir si les modifications de conception ne 
doivent porter que sur la prévention des accidents, en permettant 
d'éviter le renouvellement des accidents déjà observés ou d'acci
dents analogues, ou si ces modifications doivent inclure des 
parades aux conséquences de ces accidents, dont on suppose qu'ils se 
produiraient quand même malgré les mesures prises. Si on se réfère 
aux recommandations post-TMI, dans les dispositifs de prévention, 
on classerait l'instrumentation de mesure de marge à 1 'ébullition, 
et dans les parades les éclateurs électriques destinés à brûler 
l’hydrogène dans l'enceinte au fur et à mesure de son dégagement.

La réponse doit être trouvée à notre avis dans une systéma
tisation des évaluations probabilistes du risque, évaluations qui 
devraient être validées en permanence sur l'expérience d'exploi
tation : suivi de la fiabilité des équipements importants pour la 
sûreté, mais aussi analyse quantitative, même grossière, des 
incidents courants. Pour être utilisables, ces analyses doivent être 
réalistes et doivent donc nécessairement prendre en compte le 
facteur humain, qui comme on le sait est une des causes majeures 
des défaillances de mode commun pouvant entraîner la perte de 
fonctions de sûreté redondantes.

3.2. Adaptation des consignes d'exploitation

Dans la quasi-totalité des accidents décrits au chapitre
précédent, nous avons vu que les consignes d'exploitation étaient
en cause. Dans certains cas, l'enseignement est immédiat : il 
n'existait pas de procédure correcte adaptée à un cas prévisible 
de fonctionnement, ou tout au moins cette procédure n'était pas sous 
une forme utilisable par l'opérateur ; c'était notamment le cas pour 
SAINT-LAURENT. L'action est simple : il faut rédiger les procédures 
en prenant correctement en compte les études de fonctionnement 
faites par les bureaux d'études, et instruire les opérateurs à les
utiliser à bon escient.

Il faut signaler ici qu'un travail important réside à notre 
avis dans la validation des consignes qui doit être effectuée, 
dans la mesure du possible et tout au moins pour les procédures
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en cas d'incident, sur le réacteur lui-même, au cours des essais 
préalables à la mise en service industriel, et, pour l'ensemble 
des consignes, y compris celles à utiliser en cas d'accident, 
sur un simulateur dont le comportement soit représentatif de celui 
de la centrale. Les programmes de formation et d'entraînement des 
opérateurs doivent d'ailleurs comprendre ces exercices d'applica
tion des procédures d'exploitation.

Mais dans bien des accidents graves, les opérateurs se sont 
trouvés à un moment ou à un autre face à une situation complexe, 
au cours du déroulement d'une séquence accidentelle "non pure", 
qui ne pouvait être prévue explicitement dans les consignes, dont 
le nombre doit rester limité si on veut qu'elles soient réellement 
utilisables.

L'enseignement des accidents observés jusqu'ici indique à 
notre avis qu'une action doit être menée simultanément dans deux 
directions :

a) il faut dans toute la mesure du possible libérer l'opé
rateur de toutes les actions automatiques afin qu'il puisse se 
contenter de suivre le déroulement de la séquence et en noter les 
anomalies éventuelles, ayant ainsi son attention attirée sur de 
possibles défaillances d'équipement ou d'instrumentation ;

b) il faut disposer d'un nombre limité de "consignes 
ultimes", où, à partir du moment où la centrale atteint certaines 
configurations critiques, l'opérateur a instruction de la ramener 
dans un état sûr par des moyens simples et efficaces. Ce n'est pas 
une tâche aisée. Depuis TMI des progrès importants ont été faits. 
Ces consignes ultimes doivent faire prendre conscience aux opéra
teurs qu'il existe une hiérarchie dans les consignes à suivre, et 
éviter que ses possibilités d'actions ne soient inhibées par la 
crainte de transgresser des règles qui perdent leur valeur lorsque 
la sûreté est réellement en cause.

3.3. Formation du personnel d'exploitation

C'est un aspect qui est très lié au précédent. Si nous 
reprenons l'exemple de l'accident de SAINT-LAURENT, qui met en 
cause la procédure à suivre au cours du redémarrage de l'installa
tion immédiatement après une chute de barres intempestive, il faut 
noter qu'il peut y avoir en salle de commande aussi bien un opéra
teur qui n'a jamais participé directement à une telle opération 
-ce qui n'est pas surprenant pour une installation qui fonctionne 
généralement sans chute de barres pendant plusieurs mois-, et un 
chef de quart qui au contraire a une expérience telle du fonction
nement de la centrale qu'il s'est forgé une "image mentale"
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personnelle de ce fonctionnement, et estime ne plus avoir à consul
ter les consignes écrites.

Il s'est dégagé aujourd'hui un consensus sur la nécessité 
d'utiliser très largement les possibilités qu'offrent les simula
teurs perfectionnés pour former les opérateurs et pour les recycler 

périodiquement. Cette utilisation systématique des simulateurs nous 
paraît absolument essentielle et doit encore être développée.
Nous ferons deux remarques complémentaires :

a) il semble indispensable qu'au cours de ces stages de 
formation les opérateurs soient mis en face de séquences acciden
telles réalistes, constituées à partir d'une bibliothèque des 
incidents observés sur les centrales du même type ;

b) on ne saurait trop insister à notre avis sur le rôle très 
formateur que doivent jouer sur chaque centrale les essais de 
démarrage et de mise en service, où l'installation est placée 
volontairement en situation anormale ; on peut même se demander 
s'il ne serait pas souhaitable de procéder à un renouvellement
de ces essais après une certaine période d'exploitation.

3.4. L'interface homme-machine

Si pour de nombreux constructeurs, exploitants et organismes 
de sûreté les problèmes de la conception des salles de commande 
et des informations à fournir aux exploitants constituaient 
une préoccupation importante depuis plusieurs années, il faut 
reconnaître que c'est l'accident de TMI qui les a mis dramatique
ment en pleine lumière.

Une analyse détaillée déborderait le cadre de cette commu
nication, et nous nous limiterons à quelques généralités :

a) la rédaction des procédures doit être adaptée au "savoir- 
faire" des opérateurs, et ceci exige un certain nombre d'enquêtes 
sur place et d'observations du travail des opérateurs ;

b) l'analyse ergonomique des salles de commande actuelles 
doit permettre de mettre en évidence leurs défauts de conception 
et d'orienter les conceptions futures ; l'analyse de l'activité 
des opérateurs sur simulateur permet également de faire une 
analyse dynamique des salles actuelles ;

c) les études en cours sur les dispositifs d'aide au diagnos
tic devraient déboucher à relativement court terme sur la conception 
de pupitres de commande en situations accidentelles, où les
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informations fournies à l'opérateur seraient soigneusement sélec
tionnées et présentées sous une forme appropriée aux incidents 
prévisibles ;

d) l'amélioration de l'interface homme-rmachine passe par 
une meilleure connaissance des facteurs humains ; il faut procéder 
à une reconstitution fine des erreurs génératrices d'incidents, 
comprendre les mécanismes internes de défaillance -mauvaise prise 

d'information, mauvaise transmission, erreur de diagnostic, 
erreur d'action, ...- et rechercher les causes externes -formation, 
organisation du travail, environnement, etc.

3.5. Organisation des relations entre les différents partenaires

Nous avons indiqué, dans notre introduction, qu'un accident 
important révélait nécessairement une défaillance de la sûreté et 
devait donc remettre plus ou moins en cause l'approche suivie.
Pour TMI par exemple, l'enquête de la Commission Présidentielle 
américaine a fait apparaître que le traitement de l'incident 
précurseur de DAVIS BESSE, par le constructeur, les exploitants 
et la NRC, avait comporté des lacunes importantes. Et personne 
ne peut sans doute affirmer qu'il n'existe pas à l'heure actuelle 
dans les archives d'un pays ou d'un autre un incident mineur dont 
une analyse complète portée à la connaissance de tous permettrait 
d'éviter que survienne un jour ou l'autre un accident plus 
sévère.

Il faut immédiatement constater qu'un effort considérable 
pour améliorer la situation est en cours, au sein de tous les 
établissements et de tous les organismes, effort qui porte déjà 
ses fruits. Nous avons déjà cité la transmission rapide du rapport 
d'analyse de CRYSTAL RIVER, mais ce n'est qu'un exemple parmi beau
coup d'autres, et nous aurions pu tout aussi bien citer les 
informations très complètes que nous ont données nos collègues 
belges sur la rupture brutale de tube générateur de vapeur survenue 
à DOEL en juin 79. Les constructeurs ont créé des "clubs des 
utilisateurs" pour faciliter les échanges et la circulation de 
l'information. Les différents organismes de sûreté maintiennent 
un contact étroit et permanent pour s'informer mutuellement de tout 
événement significatif pour la sûreté.

Nous évoquerons ici les rôles respectifs de l'exploitant 
-assisté du constructeur- et des organismes de sûreté dans la 
procédure technique d'analyse de sûreté. On peut en effet se deman
der si dans le passé les équipes engagées d'un côté dans la 
démonstration de la sûreté d'un projet et de l'autre dans l'évalua
tion indépendante du niveau de sûreté, n'ont pas trop systémati
quement travaillé sur les mêmes bases, en suivant les mêmes
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méthodes et les mêmes critères, ce qui facilite certes le dialogue, 
mais peut laisser certains aspects dans l'ombre. Dans son analyse 
post-TMI, l'industrie américaine par la voix de l'AIF -Atomic 
Industrial Forum- a présenté un certain nombre de recommandations 
qui nous paraissent intéressantes : le concept de défense en 
profondeur serait élargi, en distinguant les barrières, les systèmes, 
les procédures et l'exploitation ; le critère de défaillance unique 
resterait utilisé au niveau de la conception, mais des études 
d'évaluation des risques au stade de l'exploitation seraient effec
tuées en complément. Il nous paraît en tout cas fondamental que les 
responsables d'une centrale nucléaire ne considèrent pas que la 
sûreté se limite pour eux au seul respect des règles et critères 
fixés par les autorités de sûreté.

3.6. Sites et plans d'urgence en cas d'accident

Une analyse détaillée du problème sortirait du cadre de 
cette communication, et d'ailleurs une session spéciale de la 
Conférence y est consacrée. L'examen strictement technique des 
accidents survenus sur des centrales ne fournit que peu d'éléments 
sur ce point et ne pourrait en aucun cas justifier par exemple 
une évolution des critères de choix des sites par rapport à ceux 
qui sont actuellement en vigueur.

Par contre la perception du risque par le public et son 
souci de disposer d'une garantie supplémentaire en tout état de 
cause, conduit les autorités â imposer la mise en place de plans 
d'urgence en cas d'accident permettant de mettre les populations 
à l'abri, ne serait-ce que pour une courte période et pour des 
raisons essentiellement psychologiques.

4. IMPORTANCE d'une LARGE COOPERATION INTERNATIONALE

Si l'on n'avait pas attendu TMI pour analyser les accidents 
importants et en tirer les principaux enseignements, il est 
incontestable que l'accident du 28 mars 79 a conduit à un effort 
de rationalité et d'exhaustivité qui permet maintenant de disposer 
au niveau international d'un programme cohérent d'amélioration 
de la sûreté en exploitation des centrales nucléaires.Il faut 
souligner à nouveau que, dans son application, ce programme doit 
être adapté dans chaque pays aux caractéristiques spécifiques 
des centrales et aux particularismes des organisations de sûreté.
Mais les principes de base et les objectifs généraux recueillent 
un très large consensus. La poursuite, et l'extension, des échanges 
internationaux qui se sont développés depuis 18 mois doivent 
permettre de suivre les principales étapes de la mise en oeuvre de 
ce programme d'action, d'en analyser les résultats et éventuelle
ment d'y apporter les inflexions nécessaires.
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Dans le cadre de cette coopération internationale, une 
mention particulière doit être faite des pays qui s'engagent dans 
un programme électronucléaire, et ne disposent donc que d'une 
expérience propre très limitée alors même que les répercussions 
d'un accident important éventuel sur une de leurs toutes premières 
centrales risqueraient d'être encore plus importantes que dans 
un pays disposant déjà d'un large programme. Il paraît donc indis
pensable dans ce cas non seulement de mettre en oeuvre une procédure 
automatique de transmission des informations provenant de ces pays 
à nombreuses centrales, mais aussi de définir une présentation de 
ces informations qui les rendent immédiatement utilisables pour des 
pays de moindre expérience ; c'est un problème important sur lequel 
nous reviendrons plus loin.

Même si on a toutes raisons de considérer que les actions 
engagées répondent bien au problème posé, à savoir la prévention 
d'accidents importants, seule l'expérience permettra d'en avoir 
confirmation. Or il est certain qu'un second accident de type 
TMI-2 dans les années qui viennent entraînerait une crise de 
confiance durable, qui risquerait de compromettre le recours à 
l'énergie nucléaire, du moins dans certains pays ; il est donc 
indispensable de valider les approches actuelles sur l'expérience 
qui sera disponible, c'est-à-dire essentiellement les incidents 
courants rencontrés sur chaque centrale.

L'analyse des accidents importants démontre qu'ils ne sur
viennent qu'en raison de la coïncidence entre plusieurs erreurs 
ou défaillances indépendantes,et ceci justifie la notion d'incidents 
précurseurs de très faible gravité, qui, correctement analysés, 
peuvent permettre de définir les mesures correctives propres 
à éliminer un type donné de défaillance, et par conséquent, de 
prévenir un accident plus grave. C'est à ce niveau que doit 
s'amplifier dans l'avenir l'échange d'informations au plan 
international. Comme nous l'avons signalé dans cette communication, 
beaucoup est déjà fait dans ce sens, mais il ne faut pas cacher 
que ces échanges rencontrent également quelques difficultés.

La première de ces difficultés porte sur l'identification 
des événements qui sont vraiment significatifs et doivent retenir 
l'attention ; à défaut d'une identification satisfaisante, 
l'utilité de tels échanges disparaîtra rapidement sous l'avalanche 
d'informations inutiles et impossibles à traiter correctement. Or 
il n'existe pas de recette miracle pour identifier les incidents 
significatifs ; il faut s'appuyer sur la compétence, l'expérience 
et la redondance. Nous indiquerons à titre d'exemple ce qui se 
fait en France ; 1 'exploitant a mis en place une procédure systé
matique de recueil de la totalité des incidents, tant pendant 
la période des essais qu'en service industriel, qui fait ensuite 
l'objet, en liaison avec le constructeur, d'une sélection par des
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groupes de travail d'experts, avant l'analyse approfondie des 
seuls incidents retenus ; les autorités de sûreté évaluent cette 
dernière analyse, mais procèdent également de leur côté à une 
sélection tout à fait indépendante, qui s'appuie sur les informations 
en provenance des exploitants mais aussi sur les observations 
recueillies par les inspecteurs de l'administration.

La deuxième difficulté est liée à la transmission des ensei
gnements tirés de ces analyses : ils peuvent prendre des formes 
très diverses -modification de conception, addition d'équipements 
ou d'instrumentation, révision de consignes, etc...-. Il est 
essentiel que la présentation soit aussi standardisée que possible 
afin de faciliter son utilisation. Nous signalerons que ce problème 
se pose d'une manière particulièrement aiguë en France en raison 
de l'existence d'un prograirme important de centrales standardisées 
-la standardisation portant sur l'ensemble de l'installation et 
pas seulement sur la chaudière- si on veut conserver au cours du 
temps une identité aussi parfaite que possible entre les différentes 
unités, et par conséquent s'assurer que toute modification est 
bien répercutée sur l'ensemble des centrales.

Ces difficultés ne doivent cependant pas être considérées 
comme un obstacle à l'intensification des échanges internationaux.
La France pour sa part est disposée à diffuser très largement 
l'expérience dont elle disposera et qui devrait d'ici quelques 
années présenter un certain caractère statistique grâce à la 
standardisation déjà mentionnée. En ce qui concerne les modalités 
pratiques de ces échanges, les organismes internationaux ont 
certainement un rôle important à jouer, sans pour autant s'opposer 
à la poursuite des échanges directs bilatéraux. Il est seulement 
souhaitable que des organisations comme 1 'AIEA et l'OCDE 
coordonnent leurs actions pour éviter des doubles emplois nuisibles.

Nous reviendrons pour terminer sur le cas particulier des 
pays qui démarrent un progranme de centrales. S'il paraît souhai
table que des accords bilatéraux garantissent la transmission de 
l'expérience sous une forme appropriée, avec éventuellement 
une aide plus directe en cas de difficulté sérieuse, le soutien 
d'une organisation comme 1 'AIEA peut être essentiel, vis-à-vis 
des autorités de sûreté de ce pays comme vis-à-vis de son 
opinion publique, pour apporter une garantie complémentaire.
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Abstract

NEW TRENDS IN THE EVALUATION AND IMPLEMENTATION OF SAFETY-RELATED 
OPERATING EXPERIENCE.

This paper presents an overview of the U.S. Nuclear Regulatory Commission programme 
for the evaluation and dissemination of safety-related operating experience. It discusses the 
historical background and past problems which led to the recent formation of the Office for 
Analysis and Evaluation of Operational Data (AEOD) within the Commission and details the 
tasks and activities performed by this office, its organization and staffing, and proposed analysis 
and evaluation methodology. The programmes of industry organizations and nuclear plant 
licensees and the integration of foreign operating experience are included in the overview. The 
problems and limitations of the Licensee Event Report (LER) and Nuclear Plant Reliability 
Data (NPRD) system programmes are discussed. The AEOD analysis and evaluation methodology 
programme includes some new improvements in the assessment of safety-related operating 
experience. Of particular note is the Sequence Coding and Search Procedure being developed 
by AEOD under a contract with the Nuclear Safety Information Center at the Oak Ridge 
National Laboratory. This is a computer-based retrieval system which will have markedly 
improved search strategy capability for such items as common cause failures or complex system 
interactions derived from knowing failure sequences and other relationships associated with an 
event. The system documents, in a computer retrievable form, the failure data and information 
covering not only the principal occurrence in each LER, but also related component and system 
responses which precede, accompany, or result from the principal occurrence. Also noteworthy 
is the Power Reactor Watch List which is being developed and monitored as a part of the AEOD 
programme. The Watch List is a computer-generated listing of all critical or unusual situations 
which warrant close attention because of their potential for jeopardizing public health and 
safety. This listing is supported by a pre-established computer search strategy of the historical 
data base which has been coded for automated retrieval using the Sequence Coding and Search 
Procedure. The computer search identifies all past events and statistical information which are 
applicable to  the situation being watched and collates them for the immediate attention of the 
person monitoring the situation. The trends and patterns which are thereby developed for a 
given situation should be useful for quickly judging the safety significance of new additions to  
the data base.

71



72 MICHELSON and HELTEMES

The collection, assessment and dissemination of operating 
experience has always been recognized as an essential element 
in the overall mission of the U.S. Nuclear Regulatory Commis
sion. Since its inception in January 1975, the NRC has been 
aware--as was its predecessor, the Atomic Energy Commission-- 
that unexpected events would occur in commercial power stations 
involving system, component or structural failure; personnel 
error; procedural or managerial deficiencies; or other safety- 
related aspects of the operation. And it has been appreciated 
from the start that a thorough knowledge and understanding of 
such events was a unique and invaluable aid in preventing rep
etitions of past problems and avoiding even more serious events.

To assure that such unexpected events affecting safety were 
promptly identified, the NRC imposed extensive reporting require
ments on its licensees and carried on a comprehensive inspection 
and enforcement program. The requirements are quite stringent 
and the events which licensees are required to report to NRC 
would not be considered "accidents" in the ordinary sense of the 
word. Any unexpected event having actual or potential signifi
cance for the safe operation of the facility must be communi
cated to the NRC through a Licensee Event Report, or LER. At 
the end of 1979, the total number of events reported was about 
20.000. Over 3,400 LERs are expected in 1980.

Naturally the LERs have constituted a prime source of infor
mation by which the NRC could not only prescribe specific correc
tive actions but discern developing problems and alert the entire 
industry to them. The more serious events, defined in the law 
under the designation "Abnormal Occurrences," could also be dis
closed through review of the LERs and reported by NRC to the U.S. 
Congress.

In 1978, the General Accounting Office, which is an arm of 
the Congress, undertook an evaluation of the NRC's program for 
collecting, assessing and disseminating operating information, 
including LERs, and concluded in its report of January 1979[1] 
that "...the NRC does not know if it is promptly finding and 
identifying all potential safety-related problems." The review
ers found that the NRC program was not systematic or documented 
and organizational responsibilities were not defined. Their 
findings and recommendations were being studied by NRC when the 
accident at Three Mile Island took place, in March 1979. Numer
ous and intensive investigations of that event[2-4], including 
those of various NRC offices, served to reinforce the judgment 
that an effective and comprehensive operational data assessment 
program was essential and the existing program was not adequate,

1. INTRODUCTION
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even though it had proved useful in a number of instances. The 

reality that emerged from these studies was that the large number 
of LER reports (10 to 15 every day), coupled with the lack of a 
standardized design among U.S. reactors, the frequently incomplete 
nature of the reports, and the inherent difficulty of determining 
the underlying significance of an event, had overwhelmed the ca
pacity of the NRC or the industry to assimilate the lessons of 
operating experience. An added complication was the lack of any 
systematic coordination either among the NRC components dealing 
with operating data or between the NRC and the industry, with the 
result that each separate element faced the whole job of gather
ing and assessing operational information and promulgating its 
lessons.

In this post-TMI period, however, a major commitment has been 
made on the part of the NRC, the industry and individual licen
sees to extract all of the safety-related lessons to be found in 
operating experience, and to communicate and apply them through
out the industry. Within the NRC, a number of offices are in
volved in this effort, including the newly established Office 
for Analysis and Evaluation of Operational Data (AEOD), which is 
discussed in detail later in this paper. .Other major NRC offices 
with responsibilities related to operational experience are the 
Offices of Nuclear Reactor Regulation (NRR), Inspection and 
Enforcement (IE), and Nuclear Regulatory Research (RES).

2. NRC AND INDUSTRIAL ACTIVITIES INVOLVING OPERATIONAL DATA
ASSESSMENT

The Office of Nuclear Reactor Regulation, or NRR, is the NRC 
component responsible for the licensing of commercial reactors 
and responding by licensing actions to specific plant operational 
problems or generic safety concerns. NRR relies heavily on oper
ational data to identify significant safety issues and to verify 
the adequacy of existing safety margins and of the licensing and 
operating conditions set forth in individual plant technical 
specifications. Several new branches have been created within 
NRR to deal directly with the evaluation of operating experience: 
the Operating Reactors Assessment Branch screens operating events 
to sort out those of immediate or generic importance and provides 
an immediate response capability for major incidents or accidents; 
the Operating Experience Evaluation Branch evaluates operating 
data with a view to identifying the need for new or revised li
censing criteria and is the focal point within NRR for assuring 
that knowledge gained at one facility is applied to all similar 
operations; the Systems Interaction Branch reviews operational
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events in detail wherever the interaction of one component or sys
tem with another--especially of a safety system with a non-safety 
system--is or could be involved. The results of these activities 
are fed back to licensees, through requests for action, and are 
also made available to other NRC offices and entered into an 
agency-wide storage and retrieval system.

In the Office of Inspection and Enforcement, or IE, an Events 
Analysis Section has been set up to assess the immediate safety 
implications of operating events and is backed up by an Engineer
ing Support Section. IE evaluations of such events engage the 
combined efforts of resident inspectors, regional technical per
sonnel, reactor system specialists, and personnel from other NRC 
offices as appropriate. IE performs direct on-site inspection 
and investigations of all significant operating events and, to 
some degree, on less significant but more frequent occurrences. 
Their findings on significant events are communicated to licen
sees, and corrective action is urged or ordered, as necessary.
When violations of NRC regulations have taken place, IE takes 
enforcement action, ranging from a letter requesting corrective 
action to a civil monetary penalty to a possible suspension or 
termination of a license to operate.

Within the Office of Nuclear Regulatory Research, or RES, the 
Division of Systems and Reliability Research (DSRR) has in the 
past year greatly expanded its examination and use of operational 
data to support its probabilistic and reliability evaluation pro
grams. DSRR is peforming studies to: (1) determine failure rates 
for nuclear plant components, including valves, diesel generators, 
control rod drives, and instruments; (2) develop methodology for 
common-cause studies; (3) analyze data to distinguish order-of- 
magnitude differences in component failure rates among such fac
tors as plants, sizes, service environment, status at time of 
failure, and manufacturer; and (4) identify potentially serious 
reliability problems and possible accident precursors.

Other NRC offices engaged in collecting and assessing oper
ational data include: the Office of Management and Program Anal
ysis, which maintains the computerized LER data file and puts 
out the Abnormal Occurrence Reports to Congress, and a number of 
other regular reports; the Office of International Programs, 
which arranges for the collection and distribution of experience 
reports from foreign countries; and the Office of Standards Devel
opment, which issues regulatory guides and regulations based on 
data evaluation.

Under the sponsorship of the electric utility industry it
self, two new organizations have come into existence since the 
Three Mile Island accident which are deeply involved in opera
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tional data gathering and appraisal. The Institute of Nuclear 
Power Operations (INPO) at Atlanta, Georgia, was created to en
sure a high quality of operation in nuclear power plants. Sev
eral of its functions are directly related to operational data:
(1) to review nuclear power operating experience, particularly 
as it relates to procedures, human factors, training and opera
tions; (2) to assure that lessons learned from these reviews are 
incorporated into training programs and procedures; (3) to coor
dinate reporting and analysis with other organizations; and (4) 
to follow-up on the adequacy of corrective actions.

The Nuclear Safety Analysis Center (NSAC) was established in 
Palo Alto, California, to systematically review plant operating 
events and related reports and data, among other purposes. NSAC's 
efforts are being directed toward: (1) identifying possible pre
cursor events, (2) identifying trends and problem areas, (3) per
forming failure analyses, and (4) acting as system manager for 
the collection and storage of operational data. NSAC gives par
ticular attention to the systems aspects of nuclear operations, 
such as neutronics, instrumentation and control, and the thermal 
hydraulics and stress analysis areas, and is expected to comple
ment the work of INPO. A computerized information exchange net
work (NOTEPAD) has been established tying together NSAC, INPO, 
and the utilities and providing access to current and historical 
operational data. Elsewhere in industry, each of the principal 
nuclear steam supply system vendors and major architect-engineer- 
ing firms has strengthened their programs to review, assess and 
disseminate operational experience to improve operational safety 
and plant availability as well.

The individual plant licensee is also to provide the capa
bility, including on-site engineering, to evaluate the operating 
history of its own plant and plants of similar design[5], and to 
adopt procedures which ensure that the lessons of operating expe
rience are conveyed to operators and other operations personnel 
and incorporated into training programs. Licensee evaluation 
programs will not review all operating data but will use the 
results of other, broader studies to augment their own. It is 
intended that all of these programs— licensee, industry and NRC 
efforts--be well coordinated with one another and lines of com
munication are being set up to assure this and to avoid any unin
tended duplication.

In addition to the greatly expanded operational data programs 
in all segments of the industry in the United States, foreign 
operational experience has become the subject of intensive new 
interest. The NRC strongly believes in the importance of exchang
ing data on significant operating events on the international lev
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el and has taken steps to assure systematic and comprehensive re
view of foreign experience as an integral part of its operational 
assessment program. In reciprocation, the NRC is committed to 
continuing to provide reactor safety data to nations having 
facilities similar in design to those in the United States. A 
study is under way to consider how best to improve dissemination 
of this information, with special attention to furnishing usable 
data to those developing countries which are initiating nuclear 
power programs based on U.S. technologies.

3. PRINCIPAL DATA ACQUISITION AND MANAGEMENT PROGRAMS

The principal data acquisition and management programs used 
in the evaluation of safety-related operating experience in the 
United States are the Licensee Event Report (LER) program and 
the Nuclear Plant Reliability Data (NPRD) System program. These 
programs supply the most widely available and used data on nu
clear plant events and related operational experience. Much of 
this information is stored in a computerized data file with rea
sonably effective search and retrieval capability. However, 
these programs do have problems and certain limitations which 
are discussed below.

3.1. The LER Program

For purposes of enhancing nuclear safety, the NRC requires 
that utilities report incidents involving: (1) the nuclear reac
tors themselves, (2) peripheral system, component or structural 
failures, (3) malfunctions, (4) personnel errors, and (5) design or 
management deficiencies, etc., which have the potential for allow
ing or causing the plant to operate outside analyzed and approved 
safety design envelopes. Such events are called "reportable oc
currences." The NRC provides written guidance[6] concerning what 
constitutes a reportable occurrence. Because of the multiple 
levels of protection which are provided, most of the reportable 
occurrences have had no impact or consequence upon the health and 
safety of the public.

In order to collect, collate, store, retrieve, analyze, 
evaluate, and disseminate the increasing number of reports in a 
timely manner, a computerized data file of information extracted 
from the licensees' occurrence reports was created in 1973. This 
computerized data file is referred to as the Licensee Event Re
port (LER) file. The LER file contains data on U.S. power reac
tors (those with operating licenses and those under construction) 
from January 1969 to the present. Originally, the utilities' nar
rative reports were condensed into computer-compatible summaries.
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However, in order to facilitate data entry and to provide consist
ency with the LER data, a standard data entry sheet was developed 
and last updated in 1977. The LER data entry sheet was developed 
to be compatible with the Nuclear Plant Reliability Data (NPRD) 
system file.

Since 1975, the NRC has requested that the licensees' sub
mittals of reportable occurrences include a completed LER form[7] 
augmented by a supplementary narrative as necessary. The LER 
file has grown significantly through the years, from about 50 
entries made during 1969, to about 3 100 entries made during 
1979. The NRC routinely disseminates the reportable occurrence 
reports (LERs plus any supplements and narratives) to its staff 
for review as they are received from the licensees. These re
ports are also available to licensees, industry organizations, 
and the public. Upon entry into the computerized data file, 
abstracts of the new LERs also become available. In addition to 
providing abstracts of LER file updates, specialized searches of 
the LER file are available for the NRC staff, industry organiza
tions and the public. The strategy for searching the LER file 
involves using specific data fields, textual searches, and key 
words.

One of the major problems associated with reportable occur
rences, and consequently with the LER file, is the lack of report
ing consistency. The decision as to whether or not an event should 
be reported is made by the individual licensee, applying NRC writ
ten guidelines[6]. NRC guidelines for reportable occurrences are 
limited to safety-related systems and are somewhat loosely de
fined and, therefore, subject to interpretation. Furthermore, 
system designs, plant nomenclature and license conditions includ
ing reporting requirements vary from plant to plant. Interpreta
tion of the reporting threshold also varies from utility to util
ity. Some utilities may narrow their reporting as a matter of 
principle to "minimize the paperwork" or to "not look bad" rela
tive to other plants regarding the number of reportable occur
rences. Others over-report to be conservative. In some cases, 
the individual NRC resident inspector may also have an effect
upon the utility's decision to report an event.

Another weakness in the LER system is the fact that the LER 
forms and the LER file do not readily accommodate multiple fail
ures or sequential events. The forms are such that there is no
room for reporting failures of several components, causes of addi
tional failures, the sequence of events, etc. These shortcomings 
are being addressed through revisions in the LER reporting system 
and through the development of the Sequence Coding and Search Pro
cedure discussed in Section 5.2.
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3.2. The NPRD System Program

The Nuclear Plant Reliability Data (NPRD) system was ini
tially developed by the Edison Electric Institute (EEI). In the 
spring of 1973, the American National Standards Institute Sub
committee N18-20 (Nuclear Plant Reliability Data) was established 
to: (1) prepare a method for the collection of reliability data,
(2) further develop the NPRD program, and (3) oversee the admin
istration and operation of the NPRD system. Subcommittee N18-20 
(recently redesignated ANS-58.20) includes representatives from 
both privately and publicly owned utilities, utility-supported 
organizations, nuclear steam supply system vendors and the NRC.

Information on file is derived from standard reports on 
plant safety-related equipment prepared by the nuclear plant 
staffs. The data are compiled and disseminated in periodic re
ports containing reliability and failure statistics for the spec
ified equipment. In addition, the capability for on-line remote 
input of data and for search of the data base has recently been 
added to the system.

The NPRD system is operated by the Southwest Research In
stitute (SwRI) under a contract funded by the NRC, EEI, APPA and 
TVA. Since its inception, the NPRD system has suffered from such 
fundamental problems as lack of a clearly defined scope of report- 
able occurrences, low level of participation by member utilities, 
and poor quality data. These problems are thought to result from 
a weak management structure, diversity of interests in the NPRD 
system and the varying levels of voluntary participation in the 
system.

In April 1977, the National Energy Plan[8] was published 
recommending that the NRC make mandatory the present voluntary 
NPRD system. The plan suggested that mandatory participation 
would improve the quality and quantity of data to the point where 
the nuclear industry and the NRC could develop the statistically 
valid reliabilty data base needed to improve reactor design, con
struction, and operating practice. In January 1980, the Commis
sion published an Advanced Notice of Proposed Rulemaking[9] in
dicating that the NRC rulemaking process would be used to decide 
the question of whether or not to make NPRD system participation 
mandatory for all nuclear utilities, and solicited industry com
ments. The NRC staff is presently analyzing the responses re
ceived as a result of the advanced notice and will make recom
mendations to the NRC Commissioners shortly.

In working towards improvement in the reporting of opera
tional data, several important considerations are being spec
ifically addressed. Of particular concern is how the LER and
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NPRD systems could be structured to ensure that all necessary 
information is reported while avoiding redundant reporting. An
other issue concerns the scope of reporting and identification 
of specific events and component failures to be reported. These 
matters are also being reviewed by the NRC staff as part of the 
analysis of NPRD rulemaking responses and in the development of 
revised reporting requirements. Clearly, the NRC will, in the 
future, place increasing emphasis on the collection and analysis 

of high quality failure rate and reliability data in support of 
an increased use of quantitative risk assessment techniques and 
probabilistic decision making.

4. THE ESTABLISHMENT OF AEOD

As noted earlier, the GAO reported to the Congress in January 
1979 that the NRC had no systematic, defined or dedicated pro
gram to analyze and disseminate the lessons of experience to NRC 
offices, to licensees, and to the nuclear industry. In February 
1979, the NRC Commissioners requested a briefing on the NRC's 
program and requirements for operational data collection, assess
ment and feedback. In March the TMI-2 accident occurred, and sub
sequent investigations disclosed that two precursor events had 
taken place before TMI whose lessons and implications, had they 
been known to the TMI operators, might have resulted in actions 
which would have prevented core damage. The Commissioners were 
briefed in April, and a task force was appointed to study the 
problem in depth and make recommendations. In June 1979, the 
task force recommended[10] among other things, that an agency- 
wide office be established within NRC to analyze and feed back 
the lessons to be gained from operational experience.

In July, the Commissioners approved the formation of the 
Office for Analysis and Evaluation of Operational Data (AEOD) 
reporting to the Executive Director for Operations, and directed 
that other offices in the NRC also have the capability to analyze 
operating experience. It was intended that the new office should 
also assume an oversight/peer review role with respect to the 
overall NRC program and serve as the NRC's focal point for inter
action with outside organizations dedicated to operational data 
analysis and evaluation. The office was established in October 
1979, and a permanent director was appointed in January 1980.

4.1. Scope and Activities

AEOD was established to analyze and evaluate operational 
safety data associated with all NRC-licensed activities and to
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feedback the lessons of experience in order to improve safety 
of licensed operations. To accomplish this mission, AEOD has 
become involved with all aspects of data collection, analysis 
and dissemination.

The office conducts its own operational data acquisition 
for domestic events, including onsite investigations, as required 
to assure an adequate understanding of significant events. In ad
dition, it develops and coordinates the agency-wide operational 
data reporting and retrieval systems, and assures the capability 

to systematically monitor domestic and foreign data for trends 
and patterns.

All operational events are screened by the office and a 
dedicated effort is made to identify safety-significant problems 
and precursors of serious events. As discussed later, these 
events are again reviewed to identify potentially emerging trends 
and patterns when viewed from a historical context. Engineering 
evaluations and in-depth analyses and evaluations are initiated 
as AEOD believes warranted on significant events or potentially 
significant trends.

Significant matters resulting from AEOD assessment activ
ities, requiring immediate attention, are promptly identified for 
follow-up action by other offices in the NRC. Normally, AEOD re
ports address a specific safety problem (actual or potential) and 
include recommendations for action. AEOD also verifies that ap
propriate action has been taken in response to the operating 
events studied.

The office also coordinates operational safety data activ
ities within the NRC and with outside organizations such as in
dustry groups and the Advisory Committee on Reactor Safeguards 
(ACRS). As part of this activity, several documents defining 
the operational safety data program within the agency have been 
developed and reviews are conducted on proposed outside contracts 
to avoid duplication of effort by the agency.

The office responsibilities also include the analysis and 
evaluation of operational data and information associated with 
research and test reactors and material and fuel cycle licenses. 
This portion of the AEOD program is still preliminary and will 
undergo detailed development during the next several months. 
However, similar kinds of tasks and activities, as those de
scribed for reactors, are expected to be involved for licensed 
fuel cycle operations and users of reactor-produced radionuclides 
for medical, academic, industrial, and civil defense activities.
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Overall management and supervision is by the Director, as
sisted by the Deputy Director. Eight lead engineers provide 
technical direction and conduct specific activities relating to 
plant systems (electrical), mechanical components, reactor sys
tems, nuclear fuels and radioactive materials, and program and 
data management. Ten additional engineers provide supporting 
capability for the designated Lead Engineers.

It is expected that the AEOD staff will increase over the
next several years in order to handle data from the increasing 
number of operating reactors, expand the quality, quantity and 
depth of operational data studies, and direct the data manage
ment and program activities. Small increases in staff are also
anticipated in order to have some capability in the fields of 
human factors, risk assessment, and radwaste and environmental 
control systems. The office strength is expected to peak at 
about 40.

It has been intended in the organization and staffing of 
AEOD that an in-house staff capability for expert independent 
analysis and evaluation work be developed and maintained. This 
emphasis on in-house capability, as opposed to using contractor 
personnel or consultants, is expected to continue. Contractors 
and consultants are being used to some extent for data manage
ment support activities and to provide specialized knowledge for 
analysis and evaluation.

4.2. Organization and Staffing

5. THE AEOD ANALYSIS AND EVALUATION METHODOLOGY PROGRAM

The sequence of screening, characterization, analysis and 
evaluation of reported power reactor operational data and infor
mation as performed by AEOD is shown in Figure 1. This sequence 
is intended to apply to all current LERs and to other selected 
data and information handled by the office. Certain portions of 
the program are still under development and will be implemented 
later. Basically, the program involves the following steps, some 
of which are considered improvements in the evaluation of safety- 
related operating experience:

(1) Reported operational data and information are received by 
AEOD, assembled into review packages, and distributed to 
selected engineers for screening.
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F IG .l. AEOD analysis and evaluation program.

(2) The data and information are technically screened, using 
written criteria, to determine if the situation described 
represents a potential risk to the public sufficient to 
warrant immediate engineering evaluation as a significant 
event and possible case study review.

(3) The data and information are sequence coded in computer- 
readable format to permit subsequent computerized searches 
of specific aspects of each situation.

(4) The data and information are assigned by the computer to 
the AEOD Power Reactor Watch List (a computer listing of 
critical or unusual situations which warrant close atten
tion because of their potential for jeopardizing public 
health and safety).



IAEA-CN-39/2.2a 83

(5) Each watch-list situation is monitored to assure that every
entry is collated with historical data and assessed in terms 
of pertinent operational experience.

(6) Engineering evaluations are performed to examine the implica
tions and significance of operating experience for certain 
watch-list situations and for immediately significant events 
(from the screening step) to determine if the intensive anal
ysis and evaluation of a case study are needed.

(7) In-depth case studies are performed to determine the level of
safety concern and recommend any needed corrective action.

(8) Findings and recommendations are reported to the responsible
NRC office for action.

5.1. Significant Event Screening

AEOD has implemented a program for the screening of current 
operational data and information to identify those individual 
events that are unique, complex, or otherwise sufficiently signif
icant with regard to safety to warrant an immediate engineering 
evaluation. This screening is accomplished by routing the docu
ments received each week to three engineers, assigned to this task 
on a rotating basis, who independently assess the documents and 
make individual recommendations concerning their significance.
The reviewers are guided by a written procedure and criteria. The 
final disposition of each document is made by the Director of AEOD 
based upon the results of the engineers' review and discussions. 
Adequate documentation is maintained to provide a comprehensive 
record for each piece of operational data reviewed.

The engineer who reviews for significance also watches for 
potential "Abnormal Occurrences." An Abnormal Occurrence is iden- 
tified[ll] as an unscheduled incident or event which is determined 
to be significant from the standpoint of public health or safety.
A quarterly report of such events is made to the U.S. Congress. 
Written criteria[12] developed by the NRC are used to identify 
those events that should be considered for reporting as Abnormal 
Occurrences. AEOD recommends appropriate events for inclusion in 
the quarterly report.

The AEOD reviewer is also asked to watch for events of in
terest to the Nuclear Energy Agency (NEA). NRC participates in 
an exchange of reactor operating incident information with other 
member countries of the NEA. Written selection criteria which 
are similar to the Abnormal Occurrence criteria are used to iden
tify events for reporting to NEA.
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5.2. Sequence Coding and Search Procedure

In its present form, the LER contains a combination of 
coded data fields, a narrative event description (limited to 
approximately 850 characters), and a supplemental event descrip
tion and analysis (unlimited with respect to size). The coded 
data fields and the narrative event description are entered into 
the present data system. The supplemental material is not enter
ed into the data base and, therefore, is not available for com
puterized retrieval. Although the narrative event description can 
be searched using key words or by time-consuming and imprecise 
textual searches, only the coded data fields can be searched ef
ficiently. The problem is further complicated because only a 
single component failure can be coded in the available data 
fields. If an event involved more than one failure, information 
on subsequent failures would not be found by searching the coded 
data fields, and for very complex events, might not be available 
even in the narrative event description.

Also to be noted, the current LER and NPRD systems, which
are based on coding the failures as separate occurrences, lose
essential information about the relationships of occurrences 
during the event (e.g., common mode failures and systems inter
actions). Such information is central to the analyses performed 
•by AEOD. In addition, the narrow definition of a "failure" omits 
information about the failure of a component to perform its in
tended function when the failure is solely due to the mechanical 
failure of some other component. For example, a switch fails to 
send a signal to a pump ordering it to start, so the pump does
not start. The mechanical failure is associated with the switch,
but at times the failure is identified as that of the pump.

To overcome these limitations, AEOD is developing, under a 
contract with the Nuclear Safety Information Center at the Oak 
Ridge National Laboratory, an expanded computer-based Sequence 
Coding and Search (SCS) Procedure which will have the capability 
to identify additional aspects of each reported event for com
puter retrieval. Working with the information supplied, each LER 
will be reviewed and coded by trained personnel. The information 
coded will include data which will provide detailed answers to 
the following questions concerning the LER:

(1) What plant, type, and NSSS vendor was involved?

(2) How many occurrences are reported in the LER?

(3) What sequences were involved in each occurrence?

(4) What steps took place in each sequence?
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(5) What system or component was involved in each step?

(6) What was the mode of failure and functional effect on each 
system or component?

(7) Were there multiple independent failures or common mode 
failures?

(8) What was the ultimate effect on the unit, plant, environ
ment, and personnel?

Questions 1 and 8 are answered presently in the LER coded 
information and, therefore, are present in the computer data 
files. Questions 2 through 7 are coded for a single component 
failure. However, information on other failures that occurred 
during the event is reported only in the narrative. Thus, only 
a small portion of the data which answer questions 2 through 7 
is entered into the present LER data files. The SCS Procedure 
being developed by AEOD will encode all the information needed 
to answer questions 2 through 7 along with the information need
ed to answer questions 1 and 8.

Once the failures and event sequences have been determined, 
the coder will complete an input data form using tabulated event, 
cause, failure, component, system, and effect codes currently 
being developed by AEOD. The codes needed for event, cause, 
failure, and effect are based on similar tables in the present 
LER system and in the NPRD system. Unfortunately, the selection 
of system and component codes is not so simple, since there is 
no single nomenclature in use throughout the industry. The 
present LER codes for systems and components are not definitive 
enough for the purposes of the SCS procedure. Therefore, to as
sure consistent system and component codes, AEOD has elected to 
adopt a slightly modified version of the Unique Identification 
(UNID) system developed by the Tennessee Valley Authority. This 
system is similar to the identification systems in the proposed 
IEEE Standard "System Identification in Nuclear Power Plants and 
Related Facilities" and the "LWR-Nuclear Power Plant Reference 
Technical Classification" of the JRC-CEC European Data System.

Once the coded information is placed in the computer, many 
different search strategies will be possible. In addition to 
identifying the applicable events, most of these strategies will 
be used to generate statistical information on failures of com
ponents and systems along with failure patterns and trends. For 
example, one could search and find the number of reported pump 
failures which have occurred in the residual heat removal (RHR) 
systems of all plants as well as in any particular plant; or one 
could search for the number of reported power relay failures which
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resulted in the inoperability of an essential pump, such as an RHR 
pump.

These search strategies are expansions and extensions of 
the present LER data system, but they are more precise because 
of an expanded and improved data base. For example, this proced- 
dure can be used to search for events having certain complex 
characteristics or interactions. Additionally, the system can 
be used to assign new LER's to various watch-1 ist files which are 
discussed in Section 5.3. These files cover predetermined areas 
of potential concern, such as common mode failures and unexpected 
system interactions. Thus, the watch-1 ist files serve as an 
“early warning" system of possible generic concerns or events 
which have or could have significant safety implications.

The net result of this program is the development of a more 
sophisticated data handling and search capability. The system 
will document in a coded form the failure data covering not only 
the principal occurrence in each LER but also related component 
and system responses which precede, accompany or result from each 
principal occurrence.

5.3. Watch List Development and Monitoring

The AEOD Power Reactor Watch List which is under develop
ment is a computer listing of all critical or unusual situations 
which warrant close attention because of their potential for 
jeopardizing public health and safety. Some of the situations 
are real; others are only postulated. The intention is to mon
itor closely all historical and current operational data and 
information relating to each situation to observe if a situa
tion is starting to materialize which calls for specific evalu
ation.

Associated with each watch-1ist situation is a computer- 
generated listing of applicable events and statistical data.
This listing is supported by a pre-established computer search 
strategy of the historical data base which has been coded for 
automated retrieval using the Sequence Coding and Search (SCS) 
Procedure discussed in Section 5.2. This computer search iden
tifies applicable events and statistical information which are 
pertinent to the situation being watched and collates them for 
the attention of the person monitoring the situation. Since a 
given event at a nuclear plant may involve a number of independ
ent occurrences or sequences with different systems, components, 
causes and effects, the event might be assigned as a reference to 
several watch-list situations. Thus, the event is automatically 
brought to the attention of the persons monitoring different 
situations where it might be applicable.
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Additional watch-list situations may be added at any time. 
However, a search strategy must be developed for every new situa
tion in order that the SCS procedure can identify and assign the 
applicable events. A few watch-list situations may not be amena
ble to computer searching; events belonging in these watch-list 
files would be identified manually during the coding process and 
included in the data base. Backfitting of a new watch-list sit
uation of this type with the existing historical data base is not 
possible without a manual reading of the data base.

The trends and patterns which develop for a given watch- 
list situation should be useful for quickly judging the safety 
significance of new data additions. Thus, events and information 
which are not identified as significant by themselves are also 
used and may be the key to an important message when viewed in 
the context of a pre-identified situation. This should add an 
important dimension to the effective screening of operational data 
and information, and should provide a means for continuously up
dating the status of total experience in a given problem area. In 
addition, it provides a means for relating the data and informa
tion associated with a given operational event to several situa
tions, and it facilitates a quick review and comparison of sever
al different situations which may be inherently related and are 
developing together.

Typical watch-list categories include general overviews 
and concerns, system and component performance, natural and proc
ess fluid phenomena, deficiencies and human performance concerns, 
and radiological and environmental concerns. Each category con
tains a number of situations of special interest. For example, 
the general overview and concerns category includes multiple 
failures, common cause failures, unexpected responses and unde
tected failures. When the AEOD watch list is in routine opera
tion, it will be updated periodically with new situations deter
mined from the review of new data and information and the find
ings of evaluations and studies.

Each watch-list situation will be monitored by a cognizant 
engineer to assure that current events are reviewed in the con
text of the historical data, and a periodic review made to iden
tify safety-significant trends or patterns. Whenever warranted, 
a detailed engineering evaluation will be initiated to specifi
cally assess the frequency and significance of the operating 
experience relevant to a specific watch-list situation.

5.4. Supplemental Data Acquisition

Generally, the LER is an inadequate source of information 
concerning significant events (e.g., see [13]). Such events are
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usually complex and involve a number of related or unrelated 
occurrences and sequences involving multiple systems and compo
nents with various causes, failure modes, and failure effects. 
Obtaining the needed information concerning such an event is 
usually a major obstacle to effective operational analysis and 
evaluation.

The approach used by AEOD is to normally start the in- 
depth data and information collection process after a given 
event or situation has been selected for engineering evaluation 
or a case study. A portion of the material is usually found 
within the NRC headquarters organization. Another part must be 
acquired by direct contacts in the field, including NRC regional 
and onsite personnel and the licensee. The remainder is obtain
ed through direct contact with the nuclear steam supply system 
vendor, the architect-engineer, or equipment suppliers.

Since operational experience deals with real structures, 
systems, and components, it is essential that adequate engineer
ing data and information be available. Information of the kind 
and detail included in the plant Safety Analysis Reports is not 
sufficient for this work. Documents such as piping and component 
drawings, instruction manuals, piping and instrument diagrams, 
electrical and control elementary diagrams, operating procedures, 
and test procedures and results are needed. Much of this infor
mation is not available within the NRC and must be obtained from 
the licensee.

5.5. Engineering Evaluations and Case Studies

Engineering evaluations are performed as required to pro
vide immediate, detailed consideration of significant events or 
watch-1ist situations. The purpose of the evaluation is to as
sess significance and to determine if an in-depth study of the 
event or situation is needed. In general, only the reported and 
historical data and information are available as input. Detailed 
engineering data and information are obtained as needed for eval
uation and to reach a decision. The results of engineering eval
uations are usually reported in memorandums. Engineering eval
uations generally involve a few man-days to a week of total ef
fort by the cognizant engineer.

Case studies are in-depth investigations of significant 
events or watch-1ist situations. Generally, they involve the 
acquisition of considerable additional engineering data and infor 
mation, and field trips and interviews as required to obtain a 
firsthand understanding of the event or situation. Other special 
ized activities, such as risk assessment and human factor eval
uations, may be used to add to the completeness of the analysis.
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Case studies are documented by formal reports which include find
ings and recommendations. More than one engineer may be involved. 
A case study of a significant event or situation is likely to re
quire from one to four man-months of total AEOD effort.

5.6. Reporting and Followup Actions

AEOD prepares formal reports of the case studies it per
forms, identifying specific safety problems (actual and poten
tial) and recommendations for action resulting from its analysis 
and evaluation of an operational event or situation. It transmits 
those reports to appropriate NRC offices and assures that they 
are available to the licensees, industry, and the public. The 
findings and recommendations contained in the reports are pro
vided in support of other ongoing NRC activities concerning the 
subject of the reports. Thus, AEOD reports are not necessarily 
final, and the findings and recommendations may not necessarily 
represent the position or requirements of the NRC or the respon
sible program office to which the report is sent.

AEOD takes followup actions to assure that its findings 
and recommendations have been adequately considered by the 
responsible program office. If differences of opinion exist in 
the perceived adequacy of the corrective actions to assure public 
health and safety, AEOD would initiate management discussions to 
secure a resolution of the differences.

6. CONCLUDING REMARKS

The U.S. nuclear community is firmly and fully committed to 
a comprehensive and systematic program for examining the expe
rience of operating reactors. The incentive for this national 
program has been clear. Very conservative design assumptions, 
multiple safety systems, rigorous training and qualification 
programs, and multiple defense in-depth barriers did not prevent 
a major reactor accident from occurring, although these measures 
were successful in protecting public health and safety. Yet the 
evidence is equally clear that an effective operational expe
rience assessment program could have eliminated, or at least 
substantially reduced, the likelihood of core damage such as 
that which occurred at TMI-2 in March 1979.

The U.S. program is based on the participation of all elements 
involved -- suppliers, utilities, industry organizations, and the 
regulator. Each of these organizations has an individual role to 
play and a unique contribution to make. An effective program re
quires the support and participation of all elements in order to
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isolate and realistically assess significant operating events and 
to identify the full range of implications and proper corrective 
action. However, the degree of effectiveness or success of our, 
or any similar, program can only be measured by the degree to 
which the lessons of experience result in design changes and pro
cedure modifications, and are incorporated in training programs 
for operational personnel. In sum, the way that nuclear power 
facilities are designed, constructed, operated, and maintained 
must continually be revised to account for the lessons and 
solutions associated with operating experience.

A final thought concerns the need to recognize and enhance 
our mutally supportive role in sharing the lessons of expe
rience. Just as an overall picture becomes clearer as additional 
"bits and pieces" are added, the assessment of operating expe
rience depends upon the ability and time involved to gather and 
link relevant information. International cooperation and support 
allows the maximum number of "bits and pieces" to be collected 
and enhances everyone's ability to more fully and quickly under
stand the warnings from individual events. We all have much to 
gain from heeding the warnings of applicable reactor events, be 
they domestic or foreign in origin.

The feedback of lessons learned from experience is a vital 
and integral prerequisite to safety. We in the United States 
have concluded that reactors cannot be operated without a ded
icated national program. We also believe in and are looking 
forward to being an active participant in equally dedicated and 
effective international programs.
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Abstract

INDUSTRY USE OF OPERATING EXPERIENCE TO ACHIEVE IMPROVED NUCLEAR 
PLANT SAFETY.

A principal lesson drawn from the accident at Three Mile Island was the need for a 
comprehensive and rigorous system for analysis and feedback of operating experience to 
reactor operators. The accident had several precursors which, if widely known and understood, 
would have prevented a more serious event. Chief executives of US utilities directed in mid- 
1979 that an intensive and rigorous system of analysis and feedback of operating experience 
be established. This system is commonly referred to  as the “Significant Events Program”.
Since April 1980, the Nuclear Safety Analysis Center (NSAC) has been joined by the Institute 
for Nuclear Power Operations (INPO) in the field investigation of significant operating events. 
NSAC has responsibility for analysis of the design and physical events aspects, while INPO 
has primary responsibility for the operators’ aspects, including procedures and training. The 
process of screening, analysis and feedback of operating experience is now functioning as a 
seven-step process. A variety of data sources is used, including License Event Reports and 
outage and major maintenance reports. These are compiled and indexed in convenient form. 
However, such data bases are used only as incidental tools for the basic investigations and 
analytical efforts. Rapid dissemination of results is provided by a computer-aided conferencing 
system, which links 70 operating LWR reactors in the USA, and which has now been extended 
to four utilities outside the USA, representing several dozen more reactors. Major safety and 
economic incentives are evident for the rigorous use of such operating experience and for 
participation in a comprehensive system. Traditional habits of secrecy are recognized as 
obstacles to timely communication. A principal responsibility of top management of reactor- 
operating organizations is to  overcome such habits where they are counter to the public interest, 
as well as to  the health and survival interest of the utility itself. Most of the remedies which 
are found subsequent to  extensive analysis of operating events are primarily lessons for utility 
operation and management, and only very rarely impinge mainly on details of design or 
manufacture. Even when elements of design are relevant, a functional approach to  analysis 
and recommendations obviates significant proprietary concerns: the variety of existing, 
international projects gives encouragement to  the feasibility of such exchange at the level of 
the operating utilities. A substantial improvement in reactor safety -  and probably also in 
operating availability — can result from use of the widest possible bases of operating 
experience and analysis, not limited to  a single utility, or company, or country.

9 3
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1. THE PROCESS OF SCREENING, ANALYSIS, AND FEEDBACK OF 
OPERATING EXPERIENCE

Achieving improved nuclear plant safety requires — among other things — 
making full use o f  the practical experience of plant operation which is available.

The process now in operation in US industry can be described as a series of 
steps. The steps are treated separately and explicitly since there is some difference 
in responsibilities and participation at each stage. For convenience in discussion 
we define seven steps:

(1 ) The recognition and recording o f an event or deviation by the operating 
staff of a nuclear plant

(2) Additional investigations of the sequence of events and the contributing 
factors and root causes

(3) Screening to  determ ine if a short-term remedy is needed, and what 
options are available

(4) In-depth analysis of events or deviations which may reoccur w ith equal 
or more serious consequences
(a) to assure that understanding the sequence of events and the pres 

presumed contributing factors and root causes is complete and is 
consistent w ith detailed analysis o f the physical phenomena present

(b) to  identify procedural or operator decision factors which contributed 
to  the recovery — or to  the extension of the situation or its 
consequences

(c) to provide a factual and analytical basis for evaluating proposed 
short-term and longer term  remedies

(5) Dissemination o f the results of in-depth investigations and analysis to 
all interested reactor-operating maintenance and design organizations

(6) Evaluation o f  the need to  implement remedies; the preferred options 
to  be implemented; and the scheduling and mobilization of resources 
to apply the preferred remedies in a timely fashion, by the operation 
and management staff
(a) of the plant originating the first report, and
(b) other plants

«  C o m p r e h e n s i v e  R e p o r t i n g

•  E x p e r i e n c e  B a s e  & D a t a  A c c e s s i b l e

• T i m e l y  A n a l y s i s  a n d  S y n t h e s i s  - C l o s u r e

• P e r c e p t i o n  o f  P r a c t i c a l  O p p o r t u n i t y  f o r  Im p r o v e m e n t s

• T i m e l y  Im p l e m e n t a t i o n  D e c i s i o n s

•  R i g o r o u s  C o n f i g u r a t i o n  C o n t r o l s

FIG Requirem ents for effective use o f  operating experience.
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(7) Feedback o f  the evaluation o f remedies, implementation decisions and 
accomplishments, and effectiveness of remedies by the original company 
and the operators o f o ther similar reactors.

The general conditions for effective functioning of this process are exhibited 
in Fig. 1.

2. ORIGIN AND STARTUP OF THE PROGRAM

The Nuclear Safety Analysis Center (NSAC) was established in April 1979, 
and produced the first comprehensive published analysis o f the Three Mile Island 
Accident [ 1 ]. One consequence of this and other major reviews of this accident 
[2—4] was the recognition that cumulative and comprehensive analysis, dis
semination o f  data, and im plem entation o f remedies was not evident. The Nuclear 
Regulatory Commission, reactor suppliers, and overseas agencies had nominal 
screening systems in operation. However, lapses in one or more of the steps listed 
above were not uncom m on,, and the quality of the follow-up was variable. At 
the direction o f policy-making groups representing bo th  publicly owned and 
investor-owned utilities, NSAC evaluated a series o f approaches to  a more 
comprehensive and systematic realization of the steps listed above and started 
preliminary operation o f the Significant Events Evaluation and Information 
Network (SEE- IN) in the fall o f 1979. A series o f  workshops with experts from 
several industries were held to  refine the plan, with special emphasis on the 
experience o f  the aerospace and aircraft reporting and analysis systems [5].

Full operation o f the screening system was reached early in 1980, and 
follow-up and in-depth evaluations are regulary conducted and issued on major 
events, and on selected events which are considered most significant as a result 
o f the screening process. A manual for the significant events screening process 
and the programme has been prepared [6].

3. DATA SOURCES AND PLANT INFORMATION

Essential tools of the SEE-IN porgramme are several large and growing data 
bases which are extensively indexed for convenient and rapid retrieval. These 
include the Licensee Event Reports, reports of major m aintenance and outages, 
and a com ponent reliability data base. All o f these are conveniently interrogated 
and retrieved by computer-aided search and storage systems. Final Safety 
Analysis Reports (FSARs), piping and instrum ent diagrams and as-built isometrics 
of systems are also used in most evaluations, as well as operation and maintenance 
records. The review and analysis done by the owning utility is a major source of 
data, and in many cases is adequate in itself, if steps (5), (6) and (7) are added.
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As an aid to  rapid dissemination of inform ation to  operating utilities, an 
on-line computer-aided conferencing and message system (NOTEPAD-NSAC) was 
instituted in November 1980, and has since been doubling in volume o f usage 
every two to  three m onths. It now is used by all companies operating LWRs in 
the USA. It is interactive and user-selective so it minimizes the need to  scan large 
volumes o f m aterial in order to  get the items most relevant to  each user’s needs.

4. JOINT EFFORTS WITH INPO

Since April, 1980 INPO (Institute for Nuclear Power Operations) has joined 
with NSAC in the in-depth studies. NSAC continues as the system manager, and 
has primary responsibility for physical and control analyses, code calculations, 
and data bases. INPO has primary responsibility for operational investigation 
and analysis, including procedures, operator decision basis, and implications for 
training. INPO also has primary responsibility for monitoring the feedback process 
(step 7 listed previously). NSAC and INPO jointly  investigate the sequence of events 
and contributing factors, and jointly plan the composition of the study teams 
and the scheduling of the work. Operators or engineers from other utility  companies 
w ith similar plants are commonly part o f the investigation team on a short-term 
loan basis, as well as personnel from nuclear system suppliers and other contractors 
w ith direct knowledge.

5. SCREENING RESULTS AND RECOMMENDATIONS

The screening process to  date has developed 70 potentially significant items 
from 3100 reports in 1979, and 45 potentially significant items from the first half 
o f 1980. Seven in-depth studies have been undertaken or completed so far, most 
of them  jointly  w ith INPO. Further investigation of the potentially significant 
events has eliminated some of them , and perm itted grouping o f others for further 
study. A continuing rate o f one to  three in-depth studies per m onth is expected 
for 1980 and 1981. Some studies result from the investigation of groups of 
events which may individually be relatively m inor in consequences. Nevertheless 
the group together may indicate a generic problem w orth evaluating and correcting.

The analyses and recom m endations are paralleled by studies which are 
conducted by three divisions o f the NRC and by the recently formed Office of 
Analysis and Evaluation o f Operating Data. NRC investigations in the past have 
focused on the earliest possible identification of near-term remedies and often 
aim at prom pt issuance o f Bulletins and Orders directing specific review or remedies.

NSAC and INPO recom m endations are usually not prescriptive of specific 
design or procedure changes. They are usually functional suggestions. In many cases
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such suggestsions have already been implemented or com m itted by one or more 
utilities. Utilities also receive valuable advice from reactor suppliers, and. one or 
more supplier personnel commonly participate in the in-depth studies. However, 
as noted earlier, there are evident lim itations in the coverage provided by the 
supplier. Functional recom m endations can also usually be accomplished by any 
of several different approaches in design or procedure, recognizing differences in 
details o f design or in operating or m aintenance practices. The preferred approach 
can be different, depending on the specific design o f each plant. It is the 
responsibility of each participating utility to  select and im plem ent the best 
response and to  confirm its effectiveness in respect to  the functional need.

6. DEVELOPMENT OF SYSTEMATIC INTERNATIONAL COVERAGE

The cumulative base o f LWR operating experience is still mainly in the USA. 
However, the to tal LWR capacity in operation in countries outside the USA is 
now slightly greater than in the USA, and is increasing.

For problems or kinds o f events or deviations which occur frequently, it is 
practical to  depend mainly on the local experience of one or a few plants. For 
less common events it is desirable to  draw on a larger base o f experience, for 
example all the plants in a given country in which there are a dozen or more 
plants in operation. For low-frequency events, especially low-frequency events 
w ith large consequences (or the evident potential for large consequences) it is 
prudent — if not essential — to make thorough use o f the largest possible base of 
experience and analysis which is available. Figure 2 displays the pyramid of 
experience. For simple problems o f operating reliability it is common and 
practical to  make many decisions on the basis o f local experience. For low 
probability but high consequence problems, use of the full base o f experience and 
analysis is prudent. The interchange o f  practical timely inform ation between 
countries has occurred to  only a limited extent through regulatory agencies, through 
licensing agreements and through international technical meetings. However, 
such exchanges are often at the level o f general principles or specific m inor hard
ware changes. Government exchanges tend to  focus on regulatory interests and 
usually do not involve fully effective dissemination and feedback steps. None 
o f these has covered all seven steps required, and none have been rigorous and 
comprehensive in coverage. A utility-to-utility communication network on 
practical operating experience and its analysis is now available through NSAC.
INPO is also developing a similar arrangement to  exchange inform ation on 
training, training criteria, simulators, and plant management experience.

Utilities from  at least ten countries have expressed interest in participating 
with NSAC in the exchange o f practical operating experience. So far Electricité 
de France (EDF), and three large Swedish utilities, Oskarshams Kraftgrupp AB,
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- N u c l e a r  P l a n t s  W o r l d  E x p e r i e n c e  B a s e

FIG.2. Pyramid o f  available experience fo r safety-related decision-making.

Swedish State Power Board, and Sydkraft AB, have joined NSAC. Utility 
companies in seven other countries are in various stages of negotiation or 
decision-making. An experience base and exchange system covering all US LWR 
plants is now fully operational. A world experience base is possible in the next 
few years.

7. LESSONS FOR RELATED BUT DIFFERENT SYSTEM DESIGNS

The issue o f design differences between different LWR types is treated in 
the screening process by considering which designs are likely to  be prone to 
similar problems. It is found that there is a large degree of commonality in 
functional behaviour and requirements at system and subsystem levels, even 
though there may be differences in some details o f com ponent design or 
manufacture. A classic error in the practical use o f operating experience is to  
assume that a m inor difference in design at a com ponent level means that “we 
don’t have that kind o f problem ”. Another classic error is to  fix or replace the 
specific malfunctioning com ponent, but to  fail to  draw the functional conclusions 
at the system level. A system review made in consequence o f a known component 
m alfunction can lead to  basic improvements in system performance. This 
im provement can be obtained even in other reactor systems which may. have some 
differences in the design o f some components, and which have not have experienced 
any troubles. Since the aim is to  detect and prevent small problems from recurring 
and becoming large problems it is necessary to  view them  at a system and 
functional level. When viewed by experienced engineers and analysts who have 
good insight into system behaviour, there are useful lessons to  be learned even 
where there are wide differences in com ponent designs.
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8. PERFORMANCE INCENTIVE FOR RIGOROUS RECORDING AND
RETRIEVAL OF A CUMULATIVE EXPERIENCE AND ANALYSIS BASE

For many types o f heavy equipm ent a correlation o f improved performance 
with cumulative hours of operating experience has been observed. Improvements 
by factors o f 5 to  50 are not uncom m on for equipm ent w ith which there has 
been many years o f operating experience and for which an effective system for 
feedback of operating experience into refinements o f design and operating 
procedures exists.

The incentive for having a rigorous reporting, analysis and feedback system 
is to  ensure the comprehensive working of the cumulative learning process. An 
additional ten to  fifteen per cent increase in average capacity factors appears 
possible and forms an enormous economic incentive attainable from the effective 
im plem entation of this process.

9. SAFETY BENEFITS OF COMPREHENSIVE ANALYSIS, EXCHANGE
AND FEEDBACK OF OPERATING EXPERIENCE

The safety benefits from the effective operation of the cumulative learning 
process are even more im portant. The cumulative learning process, when fully 
and rigorously implemented, leads to:

(1) R eduction in the frequency o f  m alfunctions during operation  and an 
associated reduction in forced  outages from those m alfunctions which 
require reactor shutdown

(2) Reduction in the average num ber o f  m inor m alfunctions (which are 
always present in any plant) but which do not normally require reactor 
shutdown

(3) Reduced frequency o f  major overhaul or replacement o f  components 
or subsystems

(4) Reduced frequency and severity o f  challenges to safety systems.
(5) Lower likelihood o f  major backfit.

A reduction in the average num ber o f minor m alfunctions (which do not 
require reactor shutdow n) reduces the probability that an abnormal transient will 
occur in a reactor system triggered or compounded by such m inor malfunctions. 
Also reduced is the average length o f the event chain when such transients do 
occur. A reduction in the seriousness of the outage which results is also a beneficial 
consequence o f these improvements. A reduction in the average num ber o f mal
functions in a plant by a factor o f 2 can reduce the probability o f occurrence or 
seriousness o f consequences o f an abnormal transient by a factor o f between 4 
and 16. The factor o f  im provem ent fo r  many event chains can be equated to an
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-  SELF-RELIANCE SOMETIMES EXCESSIVE

-  CONFLICTS OF INTEREST: UTILITY-SUPPL1ER-REGULATOR

FIG.3. Historical lim itations o f  use o f  experience bases.

improvement in safety. This is due to reduced likelihood o f release of radiation 
and thus reduced likelihood o f consequences of safety significance to  the public.

There are a num ber of evident obstacles to  full use of national and inter
national experience, as displayed in Fig.3.

10. PROPRIETARY AND SECRECY CONCERNS

The most apparent obstacle to  adequate international exchange at the practical 
operational level has been concern over proprietary information. There are 
reasons to  believe that m uch of the traditional obstacle of proprietary concerns 
is illusory. M anufacturers in the USA m aintain proprietary and patent positions 
on many aspects o f design of manufacturing processes even though the basic facts 
o f safety-related operating experience, by US law, are now a m atter o f public 
record. (This is also true in Sweden.) Many types o f technical and operational 
nuclear plant problems are now addressed by internationally supported working 
groups — for example the steam generator and BWR pipe cracking projects, and 
the Halden fuel project, the LOFT program, and several others.

In respect o f alleged proprietary restraints, it should be noted that most 
safety remedies are best addressed by some com bination o f the following elements:

(1 ) Refinement in written procedures
(2) Additions to  training programmes and simulator programmes
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t C o m p r e h e n s i v e  a n d  T i m e l y  R e p o r t i n g  (in U.S.)
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• R e a l i s t i c a l l y , S a f e t y  h a s  N e g l i g i b l e  P r o p r i e t a r y  C o n t e n t
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It e m s  C o m m o n  t o  M a n y  U n i t s ; R a i s e s  Q u a l i t y  a n d  T i m e l i n e s s  
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•  A v o i d s  T r a d i t i o n a l  O r g a n i z a t i o n  B a r r i e r s

• G r o w i n g  M a n a g e m e n t  M o t i v a t i o n  a n d  R e s o u r c e  A l l o c a t i o n  

f o r  B e s t  C o o r d i n a t i o n  a n d  U s e  o f  A l l  A v a i l a b l e  
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• C o m p r e h e n s i v e  In t e r n a t i o n a l  S y s t e m s  a r e  F e a s i b l e  a n d  G r o w i n g

FIG.4. Modern information tools overcome m ost lim itations to fu ll use o f  experience.

(3) Refinement o f management structure, staffing, and training to  assure 
rigorous and continuing im plem entation of procedures and improvements

(4) Maintenance procedure and technique changes
(5) Improved test or surveillance procedures
(6) Changes in equipm ent or instrum entation specifications, and repair or 

replacements w ith such changes.
Only the last o f these items has any appreciable likelihood o f occasionally 

involving proprietary matters. Even in this case, the functional approach does not 
require the disclosure o f specific details o f design or m anufacturing processes but 
only that the function is achieved. The overprotection o f  proprietary positions 
for possible marketing advantage is, at times, a clear conflict o f interest between 
the reactor operator and the supplier or com ponent or system vendor. In view 
o f the overriding domestic and world-wide importance o f achieving increased 
safety there is a clear incentive for reactor operators and managers to  overcome 
marginally relevant proprietary traditions which are contrary to public interest 
if they impose obstacles to  improved safety. The use o f  m odern inform ation 
tools — such as the worldwide conferencing network for Notepad — Nuclear 
helps overcome many o f the historical obstacles (see Fig.4).

The senior managers responsible for each reactor operation have the clear 
obligation to  understand, analyse, and take applicable corrective actions in their 
own plant whenever a functional deficiency is recognized anywhere in the world. 
The organizational and inform ation tools are now becoming practical to  permit 
convenient and comprehensive use of the largest possible base o f experience and 
analysis.
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INTRODUCTION

Although the nuclear industry has had an excellent safety record in its 
approxim ately 2000 reactor years of operation, eventual public acceptance of 
nuclear power will occur only if this record is generally maintained. In other 
industries, safety lessons have often been learnt only as a result of a num ber of 
significant accidents.

The nuclear industry hopes to  learn these lessons while maintaining its safety 
record. It is therefore im portant to extract as much inform ation as possible from 
any sequence of events occurring in a nuclear power plant which may prove to  be 
the initial stages in the development of a significant accident (often called a 
‘precursor’), and to  disseminate this inform ation to  those who may benefit from it.

The lessons learned from these precursor incidents may suggest the 
desirability or the necessity of modifying design or construction, o f changing 
procedures, or o f assessing more accurately the capabilities of reactor operators.
In addition, factors relating to  management and organization may point to  the 
need for the utility or the regulatory body to  respond to  new inform ation and 
experience as soon as it becomes available.

The objectives of the panel were to  discuss the best way o f obtaining relevant 
inform ation on experience from nuclear power plant, and the best way to 
disseminate the inform ation both nationally and internationally.

DISCUSSION

The Chairman opened the meeting by emphasizing both  the im portance of 
utilizing operating experience as a basis for anticipating situations which may lead
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to  accidents and the need to determine how to deal with accidents when they 
happen.

The Chairman therefore felt that the discussion should concentrate on four 
main topics:

(1) Obtaining relevant facts for normal and accident experience
(2) Performing a proper analysis
(3) Evaluating the analysis
(4) Transferring experience within organizations, between different 

organizations in a country and across national boundaries.
It was emphasized that for the purpose of this discussion an accident is defined as 
an unplanned sequence o f events in which significant damage to the plant occurred. 
The term  does not necessarily imply any release o f radioactive materials.

Obtaining relevant information

For every accident a complete report is needed, and there must be a procedure 
for rapid dissemination o f its contents. Many persons who are not directly involved 
in an incident or accident require inform ation concerning it. Since the operator 
is a key factor in providing the inform ation, it is essential to  establish a good 
relationship with him , and thus it must be made clear that the purpose o f the 
investigation is not to  allocate blame to  individuals.

Details o f incidents and accidents need to be recorded in such a way that 
they are readily retrievable, and can therefore be o f assistance in the analysis of 
subsequent incidents or accidents.

One im portant m ethod of finding plant defects which could be precursors 
of an accident is an annual inspection programme. In one country, inform ation on 
the results o f inspection is disseminated at periodic meetings w ith station managers.

Some m ention was made concerning conclusions that could be drawn on the 
usefulness of inform ation concerning incidents and accidents. This inform ation has 
proved to  be generic in nature, and applicable to  various technologies. Commercial 
secrecy has not been a big problem.

Performing and evaluating analysis

When all accidents and incidents are analysed, the num ber of reports may 
become very large. This creates the danger that significant inform ation will be 
buried in a large volume o f less im portant inform ation. The problem may be 
eased through com puter storage o f the inform ation. However, in order to  
retrieve readily the desired information, all incident reports must be analysed 
before they are stored. Emphasis was placed on the need for pre-screening and 
final evaluation of the data by people w ith many years o f practical experience.
One speaker m entioned that the Institute of Nuclear Power Operations (NOP)
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in the USA had decided on the form ation of teams consisting of about six 
experts, including one operator, one or two system designers, and one or two 
safety analysts. Such a team, headed by an experienced leader, would be expected 
to  complete its work and send out recom m endations w ithin two to three m onths. 
However, it was pointed out that in some countries it would be difficult to  obtain 
experienced analysts.

On the question o f inform ation accuracy, it was pointed out that while 
accuracy was essential for reliability data, it was not so im portant for deriving 
lessons from potentially significant sequences of events. In some cases, it may 
be as long as two to  three years before the cause o f a failure can be established 
with any reasonable certainty.

Transferring experience

For the purpose o f transferring experience from  one organization to  another 
and across national boundaries, it is essential that utilities, designers, constructors, 
operators, m aintenance personnel and the regulatory bodies co-operate w ith each 
other. To transm it inform ation within national boundaries, one country had 
found it useful to  establish a central agency which analyses inform ation on 
incidents and accidents.

The IAEA should undertake the international exchange o f inform ation as a 
significant contribution to  transferring operating experience. The OECD Nuclear 
Energy Agency has also established a procedure for disseminating inform ation 
from its Member States. In addition it was stated tha t the USSR had found 
personal exchanges between groups to discuss a common problem to be useful.
The exchange that had taken place between personnel from the USSR and from 
France and Belgium, after Novo Voronesh had experienced a similar problem to 
Chooz, was cited. As soon as an international agreement is reached, the USSR 
is willing to  support international efforts for the collation and analysis o f 
operating incidents by supplying the necessary inform ation.

An interesting point raised was on the need for, and difficulty in, what was 
called ‘closing the feedback loop’, i.e. ensuring that appropriate inform ation 
reached the right people and that appropriate action is taken. This was felt to 
be a difficult problem.

The participants agreed that inspection was not an alternative to  the reporting 
of incidents by utilities and the analysis o f them. It was pointed out tha t however 
much inspection of the plant was undertaken, there was always a possibility that 
an accident could arise from some cause other than a plant defect. Thus, incidents 
and accidents must be investigated, so that management can be guided as to  where 
to  direct its attention to  reduce the possibilities of such events occurring in the 
future. Inspection (where the term  is used to cover plant, procedural and 
regulatory inspections, and investigation teams) can be used to  verify that the
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operator is using appropriate safety data and procedures. When inspection reveals 
faults, the operator and the vendor should find the reasons, and also see that 
results from one plant are applied to  others of the same type.

SUMMARY

Probably the most im portant conclusion of the panel was that there is a 
need for international co-operation for collecting and disseminating inform ation 
on operating experience.

In addition, the following conclusions could also be drawn:

Since significant accidents are very infrequent, maximum use should be made 
o f all operating experience available.

The maximum utilization of operating experience requires an organization 
which can collect and disseminate inform ation within the utility; which can 
ensure the right people at a national and international level receive the 
inform ation, and which can ensure that appropriate action is taken.

To utilize operating experience, inform ation must be obtained through co
operation with the operator, sorted for significance and recorded in such a 
way that it is readily retrievable.

Inform ation on accidents and incidents must be analysed by highly experienced 
analysts.
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Abstract

QUALIFICATION AND TRAINING OF OPERATING PERSONNEL OF NUCLEAR 
POWER PLANTS IN MEMBER STATES O F THE COUNCIL FO R MUTUAL ECONOMIC 
ASSISTANCE

In accordance w ith the  developm ent o f nuclear power p lant capacity in Member States 
o f  the Council for M utual Econom ic Assistance (CMEA) a high dem and for qualified 
personnel for the  designing, construction  and operation o f nuclear power plants has developed. 
Particular requirem ents are due to  th e  dem and fo r safe and reliable operation  o f facilities, 
including the  assurance o f nuclear safety. This report contains a condensed presentation  of 
CMEA recom m endations for qualification o f operating personnel o f  nuclear pow er plants, and 
subjects and m ethods fo r training, including the  principles o f training in the  field o f radiation 
protection . In addition, relevant experience in th e  German Dem ocratic Republic is reported. 
From  this report it follows th a t in each country  which operates nuclear pow er plants extensive 
preconditions have to  be created to  solve all problem s associated w ith the  safe and reliable 
operation o f nuclear pow er plants. Anti-em ergency training as a special type o f qualification 
at the  working place is described in greater detail. The already existing qualification m ethods 
will be fu rther developed bo th  on a national scale and by in ternational co-operation betw een 
CMEA countries.

1. INTRODUCTION

The countries of the Council for Mutual Economic Assistance (CMEA) 
devote great attention to  the development of nuclear energetics on a long-term 
basis. At present 15.6 GW(e) (41 units) are in operation, 21.2 GW(e) (32 units)
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are under construction [ 1 ]. Types of power plants developed and tested in the 
USSR have been constructed and commissioned in other CMEA member States 
in co-operation with Soviet institutions and enterprises. These facilities are 
operated by the com petent organizations of the respective country on their own 
responsibility.

The facilities and safety equipm ent of nuclear power plants have been 
designed with high reliability; their production is subject to  highest quality 
demands. The prerequisite for ensuring safety and stable supply of electric 
energy is their construction and commissioning in accordance with design and 
operational management of nuclear power plants in accordance with operating 
regulations.

Analyses of accidents in nuclear power plants have shown that human 
failure considerably contributes to thé development of malfunctions [2]. There
fore, to  ensure the safe and reliable operation of nuclear power plants, it is 
necessary that, firstly, safe and reliable facilities are available; secondly, operating 
personnel ensures operational management according to  regulations which 
excludes particularly malfunctions o f facilities and safety equipm ent due to 
misoperation and, thirdly, the functioning of facilities and safety equipm ent is 
preserved by regular surveillance of the facilities and their maintenance in 
accordance with regulations. Accordingly, the qualification o f operating 
personnel is one of the main factors in ensuring the safe and reliable operation of 
nuclear power plants.

The present report discusses questions of the qualification o f operating 
personnel in association with ensuring nuclear safety according to  the experience 
of CMEA countries. In particular, the experience of the GDR, which has the 
longest-term experience in the operation o f nuclear power plants equipped with 
Soviet pressurized-water reactors of the WWER type among the CMEA member 
States outside the Soviet Union, will make the general description more concrete. 
This experience may be of interest also to  other countries.

2. CMEA RECOMMENDATIONS FOR TRAÍNING

Commercial nuclear power plants are characterized by the use of modern 
and complex technology and are therefore subject to  stringent demands as 
regards safety o f operation. Furtherm ore they represent a great material value. 
Therefore it is necessary to  staff them, as early on as during the preparations for 
commissioning, with highly qualified personnel. In accordance with CMEA 
recommendations, the following demands are made on operating personnel:

The testing and commissioning personnel should have practical experience 
with identical nuclear power plants.
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The operating personnel should be educated and trained under nearly realistic 
conditions.
The shift personnel should be prepared for possible disturbances in operating 
conditions and complications of operating situations.
The operating personnel have to  pass an examination before being employed 
at their working places with full responsibility.

Operating personnel includes, besides managerial and engineering personnel, 
also an extensive staff o f skilled workers o f  various occupations. The following 
description concerns engineering personnel, divided into the following categories: 

Category 1 : Managerial engineering personnel 
Category 2: Operating personnel 
Category 3 : Engineering m aintenance personnel 
Category 4: Engineering control personnel (heat engineers, physicists, 

chemists, engineers for process instrum entation and control 
engineering, etc.)

A university diploma in a discipline o f energetics and a special training in 
nuclear plant technology is a prerequisite for em ploym ent as a managerial 
engineer or head of shift as well as his/her deputy; the remaining operating 
engineering m aintenance and control personnel should also have a university or 
college diploma supplem ented by a special training in nuclear power plant 
technology.

Special training in nuclear power plant technology includes fundamentals 
of reactor physics and reactor heat technology and principles o f radiation 
protection and nuclear safety. In addition, the engineering personnel of 
Category 1 should have worked in a nuclear power plant for five years, including 
not less than tw o years in a leading position. In countries which do not yet have 
a nuclear power plant persons are accepted as managerial engineering personnel 
who have got relevant experience in a conventional power plant and have had 
additional training in an instruction and training centre and, as a head of shift, in 
an operating nuclear power plant. (At present the instruction and training 
centre is in the Novo-Voronesh nuclear power plant, USSR.)

Heads o f shift and their deputies should have worked in an operating nuclear 
power plant for at least two years, including one year in a leading position. 
Furtherm ore they should have had a training in an instruction and training 
centre and in an identical power plant. Analogous demands are made on other 
operating personnel.

Training in an instruction and training centre is combined w ith practical 
training in an operating nuclear power plant and w ith the requirem ent o f activity 
in a nuclear power plant corresponding to  the future job, in order to  ensure 
practice-oriented and realistic training. Operating personnel has to  pass regular 
examinations every two years or after interruption of work for more than two 
months.
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In addition to  training, in the GDR regular anti-emergency training is 
compulsory for all power plant workers. In section 6 the forms o f this anti
emergency training will be described. The qualification of operating personnel 
briefly reported here is in accordance with IAEA recom m endations [3]. These 
are fully followed in the CMEA m ember States. Valuable experience has been 
gained thereby.

3. CONTENT OF SPECIAL TRAINING

The content of special nuclear-technological training in accordance with 
the above-mentioned general demands, from the aspect o f use in the GDR, 
has been reported elsewhere [4, 5], so that here a condensed presentation may 
suffice. The com bination of good technological knowledge, exact knowledge 
of facilities and preparation for extraordinary operating situations has proved 
a success. It is also im portant that the knowledge and skills acquired are regularly 
refreshed by retraining.

The nuclear technology training programme for the m entioned categories 
o f operating personnel covers seven steps which are described below in a 
simplified way and illustrated in Table I.

( 1 ) Basic training. The course includes theoretical foundations of the reactor 
physics of pressurized-water reactors of the WWER type, thermohydraulics, 
water chemistry, radiation protection, principal design and mode o f operation 
o f the nuclear power plant, fundamentals o f nuclear safety. This course is 
compulsory for engineers of all categories and is completed by an examination.

(2) Power plant technology. This part o f training covers the study o f the 
general technical docum entation, regulations for the behaviour of operating 
personnel and the acquisition of a certificate in labour safety and radiation 
protection. This course is compulsory for engineers o f all categories as well.

(3) Specialization. Specialization for individual working areas for personnel 
o f Categories 2 and 4 and for heads o f Category 3 is carried out in an instruction 
and training centre or in special departm ents of the prospective nuclear power 
plant under the guidance o f experienced engineers. It is completed by an 
examination and with the acquisition o f acceptance for education at the nuclear 
power plant trainer.
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(4) Training at the nuclear power plant trainer. This part o f training takes 
8 to  16 weeks in tw o steps:
(a) Start-up and shutdown processes;
(b) Behaviour in case o f accidents.
This is completed by an examination.

(5) Practical training. This part o f training is carried out at the prospective 
nuclear power plant with the aim of acquiring special knowledge of site and 
plant and special operational skills. This is done under the guidance of 
experienced engineers and embraces assistance in completing and commissioning 
partial facilities, in completing docum entations and carrying out quality control.

(6) Commissioning course. This part of training is carried out under the 
guidance of commissioning personnel and is completed by an acceptance test 
for control and commissioning work.

(7) Co-operation in commissioning. The personnel is entrusted with co
operation in commissioning tests and work. Under the guidance of commis
sioning personnel the personnel performs switching operations. By such tasks 
the entire shift team is trained to  co-operate under realistic conditions. This is 
the decisive training stage for the whole operating team. During the entire 
period of training the future operating personnel is imparted thorough know
ledge of fundam ental processes, o f the facility and its characteristics, of 
operating regulations and finally o f the identification o f accidents and their 
control. This is completed by an acceptance test which has to  be repeated 
every two years. In the GDR, these CMEA recommendations are laid down in 
regulations for work with personnel, authorized by the State.

4. TRAINING AND RETRAINING IN RADIATION PROTECTION

In all CMEA member States particular attention is attached to  training in 
radiation protection and special problems of nuclear safety. The organization 
and content o f this training are no t uniform in these countries and, by way of 
example, are here described for the GDR. Basic knowledge is already imparted 
at universities and colleges and deepened by additional special training as 
described above. After this basic and additional training, certain groups of 
persons have to attend special radiation protection courses. These are arranged 
by the national radiation protection authority which is also responsible for 
licensing nuclear power plants, and are a com ponent of a comprehensive system 
of radiation protection training for all users of ionizing radiation.
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The following persons have to  attend courses at the national radiation 
protection authority  and are granted a state certificate of qualification after 
successful completion, i.e. after passing an examination:

Managerial personnel (responsible for principal decisions) attend 2 one-day 
colloquia. At the first colloquium fundam ental lectures on nuclear safety 
and radiation protection are given. Materials for self-instruction, e.g. legal 
regulations, are handed out. At the second, topical problems are discussed, 
special lectures given and a w ritten examination is taken.

Responsible leading co-workers (directly supervising occupationally radiation- 
exposed persons and having direct influence on the activity at the working 
place, e.g. head of departm ent, head of shift, head of working group.
According to  the legal regulations valid in the GDR, they are directly respon
sible for radiation protection.) They are also trained in 2 one-day colloquia, 
similar to  those for managerial personnel, but special problems relevant to  the 
respective working place are considered to a greater extent.

Radiation protection officer (checking the observance of radiation protection 
regulations in the enterprise and advising the managerial personnel and 
responsible leading co-workers on all radiation protection issues. Their rights 
and duties are exactly defined by legal regulations.) They attend a 1-week 
theoretical and a 2-week practical course where lectures on basic problems of 
radiation protection and nuclear safety, on legal regulations, measuring 
technique, protection technique, unusual occurrences etc. are supplemented 
by detailed practical exercises.

Medical officers (responsible in the enterprise for fitness examinations of 
occupationally radiation-exposed persons and for first aid in case of emerg
encies). In two one-week courses instruction is given on all issues of 
theoretical and practical radiation protection medicine and necessary know
ledge of workplaces.

The state certificate of qualification after completing the course is the 
prerequisite for these persons to fulfill the respective functions. Radiation 
workers themselves are trained at the enterprise according to  uniform and 
approved training programmes. These are carried out by the responsible leading 
co-worker.

The basic radiation protection courses o f the responsible national authority 
are supplemented by compulsory revision training courses held every two 
years, mostly in terms o f one-day colloquia. They are meant to  revise and 
deepen the im parted knowledge and to  discuss topical problems.

The national radiation protection authority closely co-operates with 
universities and colleges, users of nuclear facilities and the School of Nuclear 
Power Plants as the national training and instruction centre and makes its influence
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felt on all training programmes, particularly the parts concerning radiation 
protection and nuclear safety. Thus a co-ordinated overall system o f training of 
senior operating and radiation protection personnel in nuclear power plants is 
created which, in accordance with national and international experience, is 
continuously further developed. Moreover, radiation protection experts may 
go in for postgraduate study o f “ nuclear safety and radiation protection” taking 
one and a half years and covering 9 weeks of lectures and seminars, supplemented 
by guided self-instruction.

5. SPECIAL EXPERIENCE IN THE GDR

In the GDR, as in other CMEA member States, favourable preconditions 
for the development o f nuclear energetics were created by the early construction 
o f a nuclear research centre (the present Central Institute of Nuclear Research 
of the Academy of Sciences of the GDR), with generous support by the USSR [6].

A little later, the beginning o f construction of the Rheinsberg Nuclear 
Power Plant was the systematic start of training engineers and other specialists 
for the designing, construction and commissioning of nuclear power plants.
These specialists include inter alia reactor physicists, radiation protection 
physicists, specialists in thermohydraulics and technical mechanics, materials 
specialists and chemists mastering the theoretical and experimental methods 
required for investigations o f nuclear safety or for safety-relevant operational 
problems. Furtherm ore, the qualification o f maintenance personnel plays a 
major role in ensuring the safe and reliable operation of nuclear power plants. 
These problems have been reported elsewere [7].

Past experience has shown that it was right to  prepare a wide circle of 
specialists considerably exceeding that of operating personnel for tasks o f nuclear 
technology.

The first major steps were made in many forms with the assistance of the 
USSR where since the late ’50s engineers for nuclear power plants have been 
trained at the Chair o f Nuclear Power Plants in the Moscow Energetic Institute, 
also for the GDR. Favourable preconditions are also offered by the wide- 
ranging socialist educational system of the GDR, so that an ample supply of 
well-trained junior engineers is available for all occupations under consideration. 
The special training of the operating personnel of the Rheinsberg Nuclear Power 
Plant (WWER-70 type) and o f the Bruno Leuschner Nuclear Power Plant at 
Greifswald for the first un it on the basis o f the WWER-440-type reactor was 
carried out in the instruction and training centre o f the Novo-Voronesh Nuclear 
Power Plant, where the first nuclear power plant equipped with a pressurized- 
water reactor o f the WWER type was constructed. To m eet the growing demand 
for operating personnel for further nuclear power plants, the Rheinsberg Nuclear
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Power Plant has been operated as an instructional and experimental power plant 
since 1966. The School of Nuclear Power Plants attached to  it is equipped with 
a nuclear power plant trainer representing a true-to-nature model o f the control 
panel of the nuclear power plant working with a pressurized-water reactor of 
the WWER-440 type [8]. This made the im plem entation o f a training programme 
based on CMEA recommendations possible in the GDR. The School o f Nuclear 
Power Plants is being extended to  become a national instruction and training 
centre. This way o f suitably combining the utilization o f a national instruction 
and training centre in the USSR has proved a success. Today, engineers from 
other CMEA countries are also trained at the School of Nuclear Power Plants.

To prepare the basis for fundam ental training in nuclear technology, the 
programme o f which is oriented towards CMEA recom m endations as regards 
training content, in the GDR the appropriate preconditions have been created 
also in universities and colleges within the course of the past decade [4].
For instance both  at the Zittau College of Advanced Technology and at the 
Dresden Technical University a training reactor has been commissioned with the 
aim of more practice-oriented teaching [9, 10]. The reactor of the Zittau College 
is particularly suited, due to  its design, to  prepare the future engineers for 
working in a nuclear power plant. This reactor is also used for training and re
training measures in o ther training institutions and for reactor operators of 
nuclear power plants who can thus deepen their knowledge at an easily surveyable 
unit. There are close and m utually beneficial relations also with o ther university 
institutions o f  CMEA m ember States, e.g. with the Moscow Energetic Institute 
and the research reactor o f the Budapest Technical University, in operation since 
1971.

A nother major factor ensuring the operational safety o f a nuclear power 
plant is the respect for, and enforcem ent of, order and discipline. This includes 
the analysis o f violations of orders and discipline, particularly o f regulations for 
operation and labour safety. The evaluation o f operational malfunctions in all 
working groups and regular anti-emergency training as well as pedagogical 
measures are part o f the qualification system related to  the working place. Due 
to  its im portance, anti-emergency training is described in a separate section.

6 . EXPERIENCE IN ANTI-EMERGENCY TRAINING

Regular anti-emergency training plays a special role in the training and re
training o f managerial and operating personnel, since the safety o f a nuclear 
power plant is largely determ ined by the level o f qualification o f its personnel.

In anti-emergency training the personnel have to  prove that they are able 
to  register and analyse rapid processes in the facility and to  take adequate 
measures to control these processes. The necessity for regular anti-emergency
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training follows from the fact that, during long-term operational phases free of 
malfunctions, demands on personnel will decrease and a certain m onotony will 
develop at the working place, particularly of panel personnel, bu t nevertheless 
any accident occurring at any time has to  be safely controlled. From the analysis 
of accidents internationally known it appears that, despite the high degree of 
autom ation of facilities, the consistent, deliberate action of operating personnel 
is an imperative com ponent of complex accident control.

In the Bruno Leuschner Nuclear Power Plant three types of anti-emergency 
training are carried out for managerial and operating personnel:

( 1 ) Complex anti-emergency training of an entire shift team
(2) Anti-emergency training related to  the working place
(3) Anti-emergency training at the nuclear power plant trainer.
Complex anti-emergency training is in general carried out twice a year. It

comprises the training of the entire shift team with regard to  co-operation within 
the team and with the plant management. As a rule, it is concerned with unusual 
situations of the whole nuclear power plant, e.g. breakdown of the supply of 
electric energy into the national grid, extreme weather conditions, flooding.
The anti-emergency training should involve all working places for which situations 
and/or tasks are posited. Instructions are contained in sealed envelopes to  be 
opened when commanded, depending on the course o f the accident. Referees 
present at the working places assess reaction time, reports, actions, and 
overall behaviour of personnel ánd will interfere if  missing or wrong reports or 
wrong actions endanger the course of anti-emergency training. Errors are 
analysed immediately after training. This form o f anti-emergency training calls 
for a high degree of preparation.

Anti-emergency training related to  the working place is the most effective 
form of training. The worker is given a certain situation by his supervisor, in 
oral form. From the data given the worker has to  derive 

The type of malfunction 
Its effect on the facility
Its effect on the entire unit or nuclear power plant 
The necessary series of locks and autom atic actions 
His/her necessary actions.

Thus the supervisor (e.g. head o f shift or general foreman) is able to  check the 
knowledge o f the worker and to  recognize priorities in retraining.

The am ount of preparation needed is small. Besides checking knowledge and 
skills o f the worker, the supervisor is compelled to  prepare himself thoroughly 
for the questions. This form of anti-emergency training has proved particularly 
successful for engine operators in facilities.

The anti-emergency training at the nuclear power plant trainer is very 
similar to  reality, independent of subjective influences and therefore has the 
highest qualification effect. Thus, if possible, entire unit teams are trained in a
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one-week course at least once a year. The basis o f training programmes is major 
accidents. Training on the trainer is the only way to  check the responsiveness 
o f  personnel directly. Gaps in knowledge become apparent in incompleted or 
wrong actions. The interaction o f the team  can be observed, commands and 
reports are checked. The skills acquired at the trainer can be immediately utilized 
in the facility.

7. FINAL REMARKS

The present report has described, from the aspect o f a CMEA member 
State using nuclear power plants and co-operating in their construction but not 
developing and producing equipm ent, the importance of the qualification of 
operating personnel for the safe and reliable operation of nuclear power plants.
In accordance with CMEA recommendations, thorough technological and 
facility knowledge, thorough training and periodical repetition o f the knowledge 
acquired are a major prerequisite for the safe and reliable operation of nuclear 
power plants. Of special im portance is regular anti-emergency training for the 
safe control o f unusual states of operation. The measures so far taken to  achieve 
these aims will be further extended, in accordance with demands resulting 
from the nuclear power plant programme o f CMEA countries, on a national and 
international scale, and will be further developed according to  the experience 
gained.
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Abstract

QUALIFICATION AND TRAINING OF NUCLEAR POWER PLANT OPERATING STAFF 
IN THE NEA MEMBER COUNTRIES.

Several NEA Member States were among the first countries to develop national power 
programmes. As a result, and due to  social and legislative variations between the countries, 
slightly different approaches were adopted to ensure that the operating staffs of nuclear power 
plants were competent to  fulfil their function. Current practices in five countries are described, 
representative of the spectrum of the approaches to operator training and qualification now 
being taken in NEA countries. Following reassessments of national practices after the March 
1979 incident at Three Mile Island (TMI), there is now widespread consensus that control room 
staff must be trained fo adopt a rational, diagnostic attitude when faced with operational 
problems, in contrast to  the earlier approach in some countries of training people simply to  react 
to ‘specific’ events by deciding which given procedure to apply. Current research is aimed at 
providing operators with adequate, accurate, timely information on plant status in an intellectually 
digestible form.

1. INTRODUCTION -  THE EARLY DAYS

Several Member States o f the OECD Nuclear Energy Agency1 (NEA) were 
among the first to  develop nuclear reactor designs intended for power production. 
Construction and operation o f the prototype reactors were generally undertaken

* Consultant to  the OECD/NEA. Formerly of the Nuclear Safety Division, Federal 
Office of Energy, Switzerland.

1 The Nuclear Energy Agency is a specialized agency of the Organisation for Economic 
Co-operation and Development (OECD), with headquarters in Paris, France. NEA Member States 
comprise Australia, Austria, Belgium, Canada, Denmark, Finland, France, the Federal Republic 
of Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, the Netherlands, Norway, 
Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States of 
America. The Commission of the European Communities also takes part in the Agency’s work; 
the Agency has a co-operative agreement with the IAEA.
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by government-run research laboratories. In consequence, the technical personnel 
responsible for the actual operation o f these reactors were either the scientists 
and engineers who had designed them, or technicians involved in their construction 
and testing. Operator training for the new machines was o f necessity largely through 
on-the-job experience and tutorial discussion with more experienced operators. 
Government licensing of either reactor or operating personnel was not required.

This state o f affairs changed, however, as the different reactor types came of 
age. Each operating utility, whether public or private, intended a long-term 
generation programme involving dozens of costly power plants. They had thus to 
address squarely the problem o f continuous induction and training o f new 
operating staff sufficiently com petent to assure reliable, economic operation of 
the stations.

Governments were faced with the prospect of there being large nuclear stations 
distributed throughout their country. To perm it such programmes and in view 
of their responsibility to  protect public health, governments required an independent 
assurance, effected through some form  o f licensing, that the power stations could 
be operated safely.

2. CURRENT PRACTICE

Ultimate responsibility for the safe, efficient day-to-day operation o f power 
stations always rests with the station manager. Whether or not a detailed, formal 
process has been used to  select him, this person is always someone who has 
dem onstrated stable emotional behaviour and whose technical competence has been 
proven by many years’ experience. In what follows, attention will be focused on 
the staff actually on shift in the control room.

The control room  operators, i.e. that part o f  the operating staff which is 
charged with the actual operation of the power plant on shift, have as their minimum 
duty to  survey the plant as it runs on fully autom atic control, which is the case 
during normal operation, including minor disturbances, e.g. from  the main grid.
This activity is an actual and direct watch by the control room operators. It is a 
checking sort o f activity for operators at lower levels who look, periodically or on 
special order, after the different systems or com ponents throughout the plant.
It is a surveillance activity by the leader of a shift crew, frequently called shift 
supervisor, whose duty  during normal operation is to  see that the whole field of 
operator activities is well and evenly covered.

Nevertheless, the  designer will not have been able, or may not have deemed 
it necessary, to  make every action automatic. If one or other o f the systems o f a 
power plant gets outside of its domain of autom atic action, the operators will 
have to  try  to  get it back to  this domain on being summoned by appropriate alarms.
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To be able to  do what is necessary in such cases, these operators, and primarily 
those working in the control room , must understand the nature of the trouble and 
that requires that they know the nature of the system, the sub-systems and 
com ponents in their physical and technical context (or the operators m ust at least 
be able to  select the pertinent prescribed procedure in order to get the situation 
back to  normal). In such cases the operators become a prolonged arm o f the 
autom atic control system for which the designer has had to  provide the necessary 
understanding o f all the systems involved. Some of the actions which the control 
room  operators have to  perform  in order to  cope with this part of their duties 
can be learnt by training, and even by drill.

Even so, logically any such training will be able to cover only those parts o f 
the off-normal situations o f  a power plant which have been envisaged beforehand. 
If the off-normal situation develops into an incident or even into an accident, 
the operators in the control room  will be the first ones to  be confronted with it. 
Eventually the shift supervisor, and as time goes by the higher ranks o f the 
organization, will have to  handle the situation by using the systems o f the plant 
given to  them  as best they can. Nobody should expect them  to be able to  correct, 
under stress and pressure o f time, the deficiencies which the designer may have 
left in the system. For such situations it is necessary that they have a thorough 
understanding of the characteristics o f all engineered systems of the plant, and 
understanding over and above tha t corresponding to  the training or drill o f  the 
control room  operators.

It would be asking too much o f the operators to  expect them  to be able to  
act immediately in such cases. They need time to  analyse the situation and to  
devise the best course o f action. This has led to  the common requirem ent that 
a power plant should be able to  cope by itself even with upset conditions for a 
considerable length o f time, o f the order o f a quarter to  half an hour.

Accordingly, utilities and licensing authorities also place great emphasis on 
selecting as operator trainees stable people whose personal characteristics favour 
analytical decision-making and calm action even in stressful situations.

Thus, for instance in Canada, Ontario Hydro trainee recruiters look for such 
qualities as “ above-average intelligence; ability to  express themselves, particularly 
orally; reliable and trustw orthy; self-starters; self-control” . Prom otion to  higher 
responsibilities depends on an operator having such attributes as “ willingness to 
learn and be trained, ability to  communicate, proper a ttitude to  safety, ability to 
apply knowledge and reason logically, aggressiveness and co-operation, inspire trust 
and confidence in others, em otional control and stability, and leadership” [1].

Similar lists o f desirable operator characteristics could be found in every 
country. In the Federal Republic o f  Germany, for example [2], psychological 
characteristics such as endurance, resistance to  stress, ability to  concentrate and 
make decisions, are considered essential. A t Electricité de France [3], great stress 
is explicitly laid on developing competence, not simply knowledge, and as far 
as possible, training is divorced from  selection and examination procedures.
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One element in any operator training process is the minimum level of general 
technical knowledge required o f prospective trainees. However, such essential 
requirements are only one element, and possibly a misleading one, in defining the 
depth o f subsequent operator training needed. Many trainees will have more 
education than the minimum required, and much more im portant is the combination 
o f instruction and experience that the trainee will receive as his career evolves to 
posts of higher responsibility.

In Canada, for instance, trainee operators for Ontario Hydro [1] CANDU 
stations, spend five m onths studying at the R olphton Nuclear Training Centre, 
including one m onth on the NPD research reactor. Stress is laid from the beginning 
on learning the fundam ental physical basis underlying plant behaviour. The 
trainee then passes 19 m onths at a power station learning about station systems, 
field operations and performing routine tasks. Normally, he then becomes a “ first 
step assistant operator” , while his predecessor is prom oted to  “ top step assistant 
operator” , and is expected to  be able to handle routine operation o f field systems 
and, under direction, aid the station operators in controlling the plant. A fter 
another one to  two years’ training, he will become a “ second operator” , and if 
selected, after a further twelve to  eighteen m onths’ training (including nine weeks 
simulator training, six m onths in the control room  under the direction o f an 
operator, and passing six AECB2 examinations), he may become an AECB-licensed 
control room  operator, responsible for the operation o f a plant unit. A fter 
prom otion to  “ shift operating supervisor” , he may become a “ shift supervisor” , 
the person on shift responsible for station operation, after a total o f ten years’ 
experience (or four years, if he began training with a university degree). Holders of 
the last two posts are also licensed by the AECB.

In France [4, 5], the operating staff on shift at tw inned EDF3 PWR units 
consists o f  a shift supervisor, assistant shift supervisor, two unit operators, two 
assistant unit operators, tw o technical operating agents and three patrollers4.

Additional personnel at each level can be and are recruited from outside EDF, 
bu t w ith time, a patroller recruited after completing secondary school, may advance 
through all the posts mentioned above. EDF explicitly encourage staff steadily 
to  improve their overall competence [5]. The station manager decides the level of 
authorization each worker has to  perform specific duties, given his competence with 
respect to  nuclear safety, electrical and mechanical equipm ent, and radioprotection. 
The authorization granted must be periodically confirmed. Once it has been 
decided tha t a person has the minimum knowledge and experience needed to  fill a 
more responsible post, the person will then engage in a series of periods o f work at

2 Atomic Energy Control Board, the Federal Government licensing body.
3 Electricité de France, the state power company.
4 In French, their titles are “chef de quart, adjoint au chef de quart, chef de bloc principal, 

assistant chef de bloc, agent technique d’exploitation, et rondier” .
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the new post, alternating with courses and practical training sessions designed to  
improve and maintain his competence. Figure 3 of Ref. [5] gives a typical example 
of the training received by a new shift supervisor. Included in the training 
of operating personnel at and above the level o f assistant unit operator are three 
two-week training sessions on the PWR control room  simulator at the EDF Training 
Centre at Le Bugey. The sessions respectively cover the different phases of 
normal plant operation, anticipated transients and rarer, more serious, perturbations.

In the Federal Republic o f Germany, the VGB -  Technische Vereinigung der 
Grosskraftwerksbetreiber e.V. (Technical Association of Large Power Plant 
Operators) has run a power plant school in Essen for more than tw enty years, 
devoted to  training and examining operators for conventional and nuclear power 
stations (primarily PWR or BWR) [6]. Trainees entering the school are craftsmen 
in a mechanical or electrical trade, or have several years of power plant experience. 
After three years’ successful training, including practical and theoretical parts, the 
candidate will receive a school certificate as a skilled technical worker5. Before 
being licensed as an operator, the person must undergo six m onths1 nuclear-plant- 
related training, including simulator training, and an examination consisting of 
written and verbal sections, established according to  guidelines agreed by federal 
and state licensing authorities. In addition, the candidate must have twelve m onths’ 
nuclear plant experience, plus six m onths’ experience in his own plant. The worker 
may undertake a further year of study in mechanical engineering for nuclear plants, 
then sit a w ritten and verbal examination set by the Chamber o f Industry and 
Commerce, to  be certified as a master craftsman ( “ Kraftwerkm eister” ). After 
passing a written and verbal licensing examination and with six m onths’ experience 
as an operator, he can act as a deputy shift supervisor. Shift supervisors must be 
graduate engineers, complete six m onths o f nuclear-plant-related training including 
simulator training, pass a licensing examination, and have two years’ nuclear-plant 
experience, including half a year as a control room operator. Retraining o f at least 
100 hours per year must be provided to  persons in all three posts, including review of 
plant modifications and operational experience as well as m alfunction and accident 
exercises on a simulator. The minimum control room  shift crew consists o f a 
shift supervisor, a deputy shift supervisor and plant operator, all licensed. Through 
the licence for the nuclear installation itself, the plant superintendent is held 
responsible for the selection and training o f plant staff, as well as for the safe 
operation o f the plant.

Staff training practices of the Central Electricity Generating Board (CEGB) 
in the United Kingdom can also be considered representative o f those o f  the other 
major British nationalized generating utility, the South of Scotland Generating 
Board [7]. Trainee operating staff recruited by the CEGB have graduate-level

s Or “Kraftwerker” (power plant operator).
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education in engineering or science, as well as substantial relevant practical 
experience. After joining the staff o f a particular Magnox or Advanced Gas Reactor 
(AGR) station, the trainee receives 16 to  18 weeks’ formal and on-the-job training 
before joining a shift. Since 1972, the first four weeks o f this initial training 
period are spent at the CEGB Nuclear Power Training Centre at Oldbury-on-Severn, 
and include lectures on basic nuclear physics, reactor thermohydraulics, health 
physics, and so on. The student spends the next six to  eight weeks at his reactor 
station, familiarizing himself with it and completing projects set by the Training 
Centre. The last weeks o f the training course are spent at the Training Centre 
for formal instruction on detailed operations of the reactor type of the trainee’s 
station. During bo th  periods o f formal training, sessions are included on a simpli
fied analogue gas-reactor simulator, and soon will be on plant-specific types [8].
Final responsibility for assessing the trainee’s adequacy to  be assigned to  an 
operating shift as an “ assistant operating engineer” lies with the station manager. 
A fter gaining several years’ experience, with job rotation among posts on the reactor 
control desk, in the turbine hall and with the refuelling machines, the operator may 
be prom oted to  the post of “ assistant charge engineer” in charge o f a reactor. 
Prom otion to  “ shift charge engineer” , or shift manager, will require several 
additional years o f appropriate experience. To maintain their competence, 
operators attend revision courses every two years to  improve their understanding 
of faults and safety principles, and there are on-site drills in procedures to  cope 
with a nuclear emergency.

Conditions attached to  the licence issued by the Nuclear Installations 
Inspectorate (N il) for each CEGB site require that “duly authorized persons” be 
appointed to  fulfil specific functions, including plant control and supervision. 
Docum entary proof o f the continued competence o f such persons must be provided 
to  the N il. Shift charge engineers and assistant shift dharge engineers belong to 
this category o f plant staff. The N11 requires that the complete arrangements to 
cope with emergencies (including involvement o f local off-site services) be 
dem onstrated at least once a year via a simulated reactor accident. In addition, 
the CEGB Health and Safety Departm ent conducts its own constant, independent 
review of the safety philosophy and practices at the various stations.

In the USA, qualifications o f operating staff in the privately-owned nuclear 
power plants must exceed minima set by the Nuclear Regulatory Commission (NRC). 
Current NRC requirements [9] include standards for all operating room personnel, 
as well as personal, plant-specific licensing of those control room operators who 
handle systems im portant to  safety, senior reactor operators (SRO) (in charge of 
reactor operators on shift), as well as shift supervisors, and technical, operations, 
and plant managers (all o f whom must hold an SRO licence). Unlicensed operators 
(acting under the direction o f a licensed operator or SRO) must be secondary 
school graduates, and have one year’s power plant experience if their actions could 
affect the quality o f equipm ent im portant to  safety. Training o f licensed operators
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must include studies o f  fundam entals of reactor therm ohydraulics and the use of 
plant systems to  mitigate accidents. Three years’ power plant experience is also 
required, including one at the plant concerned, six m onths as a non-licensed operator, 
and three m onths on shift as an extra person. Prior to  submission of a request to  
NRC for licensing, the candidate’s competence m ust be attested to  by the highest 
level o f corporate management responsible for plant operations. An SRO must 
have completed secondary school plus 450 college-level classroom hours in relevant 
science and engineering subjects. He must have four years’ operational experience 
in power plants (possibly replaced by up to  two years’ nuclear plant experience), 
of which one year was spent as a licensed operator in the same plant, and three 
m onths on shift as an extra man. The NRC-administered exam ination includes an 
operating test. A shift supervisor must have completed secondary school plus 
900 college-level classroom hours in technical subjects, 300 hours in liberal arts 
topics relevant to  ensuring managerial competence, as well as hold an SRO licence.
As the NRC requirem ents for college-level education are recent additions, if either 
SRO or shift supervisor has not yet completed them , then as an interim  solution 
a shift technical advisor (STA) must be present to  provide assistance in assessing 
plant behaviour and appropriate corrective action in any incident. The STA must 
be a graduate engineer (or satisfy the SRO educational requirements), have one 
year of professional-level nuclear power plant experience, including six m onths at 
the specific plant, attend lectures on reactor physical behaviour and relevant basic 
physical phenom ena, and have performed appropriate control actions on a reactor 
simulator. Licensed operators and SROs must attend at least six lextures each 
year on fundam entals and operating experience, practice control room  manipulations, 
and pass annual written and verbal requalification examinations. Control room 
simulators have long been in use in the USA for operator training and retraining, but 
requirements to  be set by the NRC are still under study.

This preceding, necessarily brief, description o f  current practices in five 
countries illustrates the spectrum o f approaches to training and authorization of 
operators and shift supervisors that have been developed in NEA countries to 
ensure com petent operation of nuclear power stations.

3. FUTURE TRENDS

One o f the legacies o f the March 1979 incident at Three Mile Island (TMI) was 
profound reconsideration in each country of the role of the control room  staff in 
abnormal situations.

Current and planned research at various institutions delves into such aspects 
as how to avoid overloading the operator with inform ation from  overlapping 
alarm indications, and what level of technical understanding o f the physics governing
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plant behaviour is really essential for control room  staff to  be able to  handle 
incidents safely. For instance, the USNRC has recently sponsored reserach on 
analytical methods to  identify the inform ation that is necessary and sufficient for 
an operator to  be able to  respond rationally to  an accident situation [10].
Added impetus has been given to research in several countries, including France, 
the Federal Republic of Germany, Japan and the United States, on computer- 
based disturbance analysis systems to  advise control room operators [11] on the 
net safety significance of complex plant behaviour.

Following is a brief recapitulation o f  additional training and licensing actions 
taken in NEA countries in response to  TMI.

Operator qualifications in Belgium closely follow US practice, and the current 
revision o f these standards by the USNRC will be taken into account in future 
assessments.

In Canada [1], Ontario Hydro has revised several operating procedures for 
CANDU heat transport and feedwater systems; the adequacy o f the protective 
systems for low boiler water is being re-examined; greater emphasis is to  be placed 
on the use of simulators in training, and emergency operating procedures have been 
grouped into one manual.

In France, EDF and the Commissariat à l’Energie Atomique are devoting 
additional effort to  ensuring the clarity o f presentation o f emergency procedures, 
and provision of aids for operator inform ation and diagnosis [4].

Licensing authorities in the Federal Republic of Germany have raised the 
education requirem ent for shift supervisor from master craftsman to  graduate 
engineer, and the utilities’ training school has added study of various primary 
circuit leak rates to  its simulator training programme [6]. Additional licensing 
requirements are under study, in particular inclusion of obligatory operator 
simulator training and retraining [2].

The Italian authority  is changing some o f its regulations on licensing o f 
operators and supervisors, improving quality assurance and verification o f their 
adequacy during the entire working life. The examination commission has 
generated a revised programme and new interim  evaluation criteria. ENEL6 will 
exercise a new national training centre (planned before TMI), that will be provided 
with a simulator in 1982 for training and retraining.

In Japan, operator training has always been the responsibility o f the utility 
concerned. Simulator-equipped training centres for BWR- and PWR-type plants 
have been in operation since 1974 [12]. Although performance o f operators has 
been good enough that no untow ard incidents have been reported to  date, after 
TMI the government and utilities are studying a proposal that, beginning later in 
1980, shift supervisors be authorized through a neutral organization in the private 
sector.

6 Ente Nazionale per l’Energia Elettrica, the state power company.
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In the Netherlands, prior to  TMI, minimum operator requirem ents were set 
down in the technical specifications for power plants; this aspect o f the licensing 
process is now under review and new requirements may be set later this year.

In Spain, the Jun ta  de Energía Nucleare is analysing the question o f operator 
qualification in the light o f  the recom m endations from assessments o f  TMI, with 
a view to modifying its requirem ents for granting operator and supervisor licences.

The Swedish Nuclear Power Inspectorate is to  initiate a system for m onitoring 
the competence o f operators and shift supervisors, the requirem ents set to  be 
imposed through conditions attached to  the operating licence granted to  power 
companies.

Swiss licensing requirem ents are currently under review [13] and will be 
revised in depth, retaining, however, the principle that in addition to  training in 
specific response actions, stress is laid on understanding them  in their physical and 
technical context. M ethods for selecting operation personnel are to  be refined.

The CEGB in the United Kingdom [7] is reviewing such topics as the relation 
between on-the-job- and formal training; assessment o f the competence of 
operating engineers; the role, location and sophistication required of simulators; 
and the effects o f the anticipated introduction o f PWRs into Britain.

The United States Nuclear Regulatory Commission is working on additional 
operator licensing requirem ents to  be imposed in the long term [9]: that shift 
supervisors have an engineering degree (or equivalent qualifications), tha t SROs 
have had 900 college-level hours o f technical subjects, that all applicants attend 
simulator training and requalification programmes, that simulator-based 
examination o f operators and SROs be included, and that the annual requalification 
examinations be administered by NRC itself. The NRC may buy simulators to 
assess the effect o f  regulatory actions on plant operations. A scoping study is 
nearing com pletion on setting up a data link from  each pow er station to  the NRC 
Operations Centre in Washington. A t the LOFT facility, one study will be on 
improving the design o f emergency procedures, inform ation display and diagnostic 
systems. The US utilities have collectively responded vigorously to  TMI, and 
among actions taken, have set up the Institute o f Nuclear Power O perations (INPO) 
to  support more advanced operator training. Simulator capacity to  train and 
retrain operators is being augmented steadily at vendor training centres and on-site 
by the utilities themselves.

Finally, the TMI accident gave added impetus to  the ongoing studies at the 
OECD Halden Reactor Project in Norway, on fundam ental questions o f the role 
of the operator and how to  assist him [14].
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Abstract

TRANSFERRING AVIATION HUMAN FACTORS TECHNOLOGY TO THE NUCLEAR POWER 
INDUSTRY.

The purpose of this paper is to demonstrate the availability of aviation safety technology 
and research on problems which are sufficiently similar to those faced by the nuclear power 
industry that an agressive effort to adapt and transfer that technology and research is warranted. 
Because of time and space constraints, the scope of this paper is reduced from a discussion of all 
of aviation safety technology to the human factors of air carrier safety. This area was selected not 
only because of similarities in the human factors challenges shared by both industries (e.g. selec
tion, training, evaluation, certification, etc.) but because experience in aviation has clearly 
demonstrated that human error contributes to a substantially greater proportion of accidents and 
incidents than does equipment failure. The Congress of the United States has placed a great deal 
of emphasis on investigating and solving human factors problems in aviation. A number of recent 
examples of this interest and of the resulting actions are described. The opinions of prominent 
aviation organizations as to the human factors problems most in need of research are presented, 
along with indications of where technology transfer to the nuclear power industry may be viable. 
The areas covered include: fatigue, crew size, information transfer, resource management, safety 
data-bases, the role of automation, voice and data recording systems, crew distractions, the 
management of safety regulatory agencies, equipment recertification, team training, crew work
load, behavioural factors, human factors of equipment design, medical problems, toxicological 
factors, the use of simulators for training and certification, determining the causes of human 
errors, the politics of systems improvement, and importance of both safety and public perception 
of safety if the industry is to be viable.

1. INTRODUCTION

The goal assigned to this paper was that of describing 
the safety practices of the aviation industry in the 
United States and of discussing the benefits that the 
nuclear power industry might accrue by adapting a 
subset of those practices. However, merely describing 
the safety practices of the aviation industry would 
require an exposition of the functions of the various
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TABLE I. U.S. SCHEDULED DOMESTIC AND INTERNATIONAL 
PASSENGER SERVICE

Fatal Accidents Passenger Fatalities Fatal Accidents
per Million per Million per 100 000

Aircraft Miles Aircraft Miles Aircraft Departures

1 9 5 0 -5 4 0.012 0.210 0 .2 4 7
1 9 5 5 -5 9 0 .0 0 8 0 .1 7 8 0 .1 9 0
1 9 6 0 -6 4 0 .0 0 7 0 .1 8 3 0 .1 8 9
1 9 6 5 -6 9 0 .0 0 4 0 .1 0 7 0 .1 6 0
1 9 7 0 -7 4 0 .0 0 3 0 .0 8 4 0 .1 1 3
1 9 7 5 -7 9 0.001 0 . 0 3 7 0 . 0 6 0

Taken from  Ref. [2]

organizations involved. These include: federal re
gulatory, investigatory and research agencies; airline 
companies; equipment and airframe manufacturers; air
ports; organizations representing pilots, air traffic 
controllers and maintenance personnel; and a host of 
other key groups. It would require discussion of 
commercial, military and general aviation, and of the 
systems-oriented, hardware-oriented and people-orien- 
ted practices of each. To cover these topics would 
require more than the allotted time.

My adopted goal is to cover a subset of the overall 
topic in such a way as to entice the nuclear power 
industry to fully investigate all of the safety tech
nology and research the aviation industry has availa
ble. The investment will be well worth the effort, both 
because the aviation industry in the United States has 
achieved such an outstanding record in a relatively 
short period of time, and because of the similarity of 
many of the safety-related functions performed by the 
two industries (e.g. hardware design and certifica
tion; personnel selection, training, evaluation and 
certification; maintenance; etc.). Consider that the 
Wright bothers' first flight occurred on Dec. 17, 1903. 
Yet today, passenger airliners land or take-off in the 
United States at an average rate of one every three 
seconds. In 1979, 318 million passengers flew a total 
of 256 billion miles, which is equivalent to some one 
million times the distance from the earth to the moon.
[1]. As can be seen in Table I, the levels of safety
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that have been achieved in this high volume industry 
are not only excellent but are continually improving.
[2 ] .

The subtopic most appropriate to my adopted subgoal, 
that of enticing you to fully explore aviation safety 
practices, is "the human factors of commercial airline 
safety". The primacy of human factors as an area for 
further improvement has been recognized both in the 
nuclear power industry as a result of the Three Mile 
Island accident [3] , and in the aviation industry. The 
recognition in the latter is due to the fact that more 
fatal air carrier accidents are at least partially 
caused by human error than by any other factor. Of the 
24 such accidents occuring from 1975 to 1979, 16 were 
at least partially attributable to pilot or copilot 
error, and 13 to other personnel such as ground crews, 
weather personnel, maintenance personnel and air traf
fic controllers. [4].

2. CONGRESSIONAL INTEREST

Because of the statistics reported above, and because 
of the high cost, both in lives and dollars, of even a 
single fatal air carrier accident, the human factors of 
air carrier safety is presently receiving a great deal 
of public and federal government attention. On August 
26 and 27, 1980, the Aviation Subcommittee of the U.S. 
Senate Committee on Commerce, Science and Transpor
tation held public hearings on this topic. High- 
ranking officials of the Federal Aviation Administra
tion (FAA), the National Transportation Safety Board 
(NTSB), the National Aeronautics and Space Adminis
tration (NASA), the Airline Pilots Association (ALPA), 
the Professional Air Traffic Controllers Organization 
(PATCO), the Air Transportation Association (ATA) and 
the Aerospace Industries Association (AIA) were called 
to testify. It is clear from their testimonies, these 
organizations agree that although the industry has 
achieved a high standard of safety, continued im
provement is a necessity, and human factors is the area 
in which the greatest gains can be made.

A second example of Congressional emphasis on the 
human factors of air carrier safety is the request of 
the Subcommittee on Transportation, Aviation and Com
munications of the U.S. House of Representatives Com
mittee on Science and Technology, that the National
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Aeronautics and Space Administration (NASA) take an 
aggressive stance in researching the effects of cir
cadian desynchronosis, otherwise known as "jet lag", 
on the performance of airline crews. The case has been 
made that the crews involved in major airline disasters 
such as the 1974 Eastern Airline crash in North Caro
lina, the 1979 Western Airline crash in Mexico City, 
and the 1974 Pan Am crash in the South Pacific, had had 
flying schedules in the days preceding those ac
cidents which disrupted normal sleeping patterns suf
ficiently to cause significant performance decrements.
[5]. NASA has undertaken a multi-year, multi-million 
dollar research effort on the desynchronosis/fatigue 
phenomenon. The results of this program should be of 
interest to the nuclear power industry where shift
work is common and where the potential consequences of 
human errors are enormous.

A third example of Congressional interest, is a House of 
Representatives request that the General Accounting 
Office (GAO) investigate and report on the Federal 
Aviation Administration's (FAA) ability to deal with 
safety hazards. The report [6] , which was published in 
February 1980, looks at the problems involved in manag
ing a federal regulatory agency's safety-related func
tions. This report, which covers all areas of safety 
including human factors, is mentioned here because of 
the similarity of functions involved in governmental 
regulation of safety in the aviation and nuclear power 
fields. These similarities can be seen in the report's 
description of the management functions necessary for 
the regulation of safety. They are: 1) effective
systems for identifying safety hazards, 2) a com
prehensive planning process to address safety issues, 
3) an adequate system for planning and approving 
individual safety programs, 4) a proper system of 
controls to govern the implementation phase of safety 
projects, and 5) sufficient evaluation of safety pro
grams and projects.

The details which this report goes into on each of 
the five areas should be of interest to nuclear power 
organizations and regulatory agencies who are anxious 
to evaluate and improve their own safety programs. 
Those who read this report should keep in mind that any 
analysis of how to improve an agency necessarily fo
cuses on problem areas rather than on what the agency 
is doing right. The Federal Aviation Administration's 
overall performance is best reflected in statistics
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TABLE II. TRANSPORTATION FATALITIES.

135

1973 1974 1975 1976 1977 1978

Highway 54 615 44 950 44 690 45 523 47 876 50 145
Grade Crossings 1 185 1 250 910 1 174 1 001 1 064
Railroad 777 582 564 590 644 632

Mar ine 2 074 1 854 1 533 1 528 1 528 1 500
Aviation

General 1 412 1 290 1 324 1 341 1 395 1 548
Air Carrier 227 467 124 45 654 161

Pipeline 70 34 30 8 2 43 33

TOTAL 60 360 50 427 49 502 50 288 53 141 55 083

Taken from Ref. [7]

comparing various modes of transportation. Table II, 
which was included in the GAO report [7] shows how well 
aviation shows up when this comparison is made.

The Federal Aviation Administration has moved to ful
fill many of the recommendations of the General Ac
counting Office's report. They have, for example, 
instituted a Human Factors Task Force: 1) to coordinate 
the FAA's human factors programs, 2) to study the 
implications of current and future developments in 
flight operations, air traffic control, and aircraft 
certification with respect to the potential for human 
error, and 3) to state the requirements for FAA 
research and development to ensure that new equipment 
and procedures are designed to be fully compatible with 
human limitations. One of the first jobs of the Human 
Factors Task Force is to hold a workshop with re
presentatives of the aviation community to discuss and 
receive feedback on what the FAA believes to be the most 
pressing problems. One of the main topics of the 
workshop will be that of "crew complement", that is, of 
how many persons it takes to fly proposed types of 
aircraft safely. This gets into the problems of how 
tasks should be distributed among crewmembers and what 
skills each must have. Discussion of this topic at the 
workshop will almost surely include how such deter
minations should be made, and what constitutes suf
ficient evidence. This topic has direct relevance for 
nuclear power plant operator crews, who share with
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aircraft crews the type of job which has jaundicedly 
been described as "hours and hours of sheer boredom 
interspersed with short periods of high anxiety".

3. DEFINING THE PROBLEM AREAS

The body of this paper reviews the above-mentioned 
testimony on the human factors of air carrier safety 
which was presented by prominent aviation organiza
tions before the Subcommittee on Aviation of the U.S. 
Senate Committee on Commerce, Science and Transpor
tation. That testimony constitutes the most recent and 
authoritative available treatise on the subject, and 
contains a number of topics of potentially significant 
value to the nuclear power industry. The relevant 
portions of the testimony of each organization will be 
described in turn.

3.1 The National Aeronautics and Space Administration 
(NASÂH NASA is a federal research agency chartered by 
Congress to preserve the role of the United States as 
a leader in aeronautical science and technology. One of 
NASA's major aviation safety programs is an aviation 
incident reporting system called the Aviation Safety 
Reporting System (ASRS). It is a voluntary, anonymous, 
"before-the-accident" system in which pilots, air 
traffic controllers and others who have witnessed what 
they believe to be an aviation safety hazard, can 
report the incident without fear of reprisal. Indeed, 
if a pilot violates a Federal Aviation Regulation (FAR) 
unintentionally and the violation does not involve an 
accident or a crime, then the FAA will waive the penalty 
if he has reported the incident to the ASRS within ten 
days of its occurrence. This feature facilitates the 
collection of safety related information so that it may 
be used to detect deficiencies and discrepancies in the 
aviation system before they result in accidents.

The Aviation Safety Reporting System is an outgrowth of 
a fatal crash near Dulles International Airport in 1974 
in which it was later found that factors leading to the 
accident had been noted previously but there was no 
centralized data-base where all such information could 
be sent. This data-base was meant to augment the 
existing mandatory accident reporting systems. Since 
accidents are rare, statistical techniques to detect 
trends in accident data-bases are of little use. It was 
hoped that reports of more frequently occurring haz-
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ards, problems and near-misses, would alleviate this 
problem. As we shall see in some examples below, the 
Aviation Safety Reporting System has proven to be a 
very powerful tool. It is notable that 85% of the more 
than 25 000 reports that have been submitted to the 
ASRS concern human error. A similar reporting system 
may be highly beneficial to the nuclear power industry.

NASA's [8] testimony to the Subcommittee described 
what it had determined to be the three air carrier 
safety problems in greatest need of research. They 
are: 1) information transfer, 2) flight deck resource 
management and 3) the role of automation.

3.1.1 By information management is meant the passing 
of timely, accurate, useful and comprehensive infor
mation to those who are in need of it. A NASA study of 
the Aviation Safety Reporting System data-base found 
that 75% of the incident reports referenced an in
formation transfer problem. In 37% of the cases the 
message was never sent. In another 37% the message was 
inaccurate, incomplete, misleading, ambiguous or gar
bled. In 13% the information was too late to be useful, 
and 10% it was misunderstood. The Three Mile Island 
scenario indicates that the nuclear power industry 
also has problems of ensuring that the right people get 
the right information in a timely manner. Aviation 
researchers are working on a number of new display 
concepts and warning systems which may have appli
cations in your field. One of these is a method of 
prioritizing and presenting warnings and alerts. It is 
unfortunately often the case in both of our fields that 
when one parameter is out of tolerance, many others 
also are. Having a number of warnings go off simul
taneously does nothing more than confuse the situa
tion.

3.1.2 The second aviation human factors problem re
quiring research is that of cockpit resource manage
ment. In more than 60 jet transport accidents from 1968 
to 1976, lack of effective management of information 
and resources played a significant role. The most 
frequently occurring problems were: preoccupation
with minor mechanical problems, inadequate leadership, 
failure to delegate tasks and responsibilities, in
adequate monitoring, failure to utilize available 
data, and failure to communicate intent and plans. 
Both airliners and nuclear power plants are run by 
hierarchically structured crews. It may be fruitful to
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determine the degree to which the problems listed above 
occur in your industry. The work NASA is doing with the 
aviation industry to develop methods of reducing cock
pit resource management problems may be helpful to you.

3.1.3 The third problem requiring research is the role 
of automation. Automation is often suggested as the 
solution to human errors, and it is often technically 
feasible to automate functions previously performed by 
humans. However, automation is a double-edge sword. 
In solving old problems, it can create others. For 
example, automation can lead to the erosion of skills 
which the human operator must use in the event of 
mechanical failure. It can lead to boredom, com
placency and a lack of motivation. It can also lead to 
reduced errors and increased safety. NASA is now 
undertaking a program of research to develop guide
lines on the use of automation in aviation. Our 
research output will certainly be of interest to nu
clear power plant control room designers. A coopera
tive research program may be mutually beneficial.

3.2 The Federal Aviation Administration (FAA). The 
FAA began their testimony [9] by announcing four "no
tices of proposed rulemaking" related to human factors 
which should be of interest to nuclear power regulatory 
organizations.

The first would allow the FAA to obtain all Flight Data 
Recorder information and Cockpit Voice Recorder in
formation. The details and points of controversy 
concerning this will not be discussed here. The point 
to be made is that similar data would have been very 
useful at Three Mile Island. The nuclear power in
dustry may want to consider the use of such devices.

The second would prohibit the performance of duties in 
the cockpit which are unnecessary for the safe opera
tion of the aircraft. This proposal followed publica
tion of a NASA review of the Aviation Safety Reporting 
Systems data-base which found a disturbingly high 
incidence of unnecessary cockpit distractions leading 
to unsafe conditions.

The third would allow the FAA to periodically review 
the type certification basis of aircraft in service, 
and to require updating of the equipment to meet 
current safety levels. Currently aircraft are type 
certified only once even though the aviation system is 
dynamically evolving all the time.
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The fourth would require "Line Oriented Flight Train
ing" as part of all air carrier recurrent training 
programs. LOFT involves the training of entire crews 
in critical flight scenarios using high-fidelity simu
lators. LOFT provides highly realistic training and 
holds a great deal of promise for adaptation by any 
industry in which people work as teams to perform 
critical functions.

The FAA presented the following list of what they have 
determined to be the most significant aviation human 
factors problems. They are:

3.2.1 Air Traffic Control Interface. This is similar 
to what NASA described as "Information Transfer."

3.2.2 Flight Deck Management Failures. In this
category, the FAA includes: inadequate discipline,
poor crew coordination, and failure to follow required 
procedures. This category can also be broken down into 
managerial and motivational problems. Motivational 
failures are deliberate failures to perform a task 
properly. An example is the taking of short-cuts on 
required procedures. Managerial failures result from 
unintentional deficiencies in judgement, training or 
procedures.

3.2.3 Fatigue. The circadian desynchronosis and 
fatigue problems were discussed above. A great deal 
remains to be learned about fatigue-inducing factors 
such as stress, noise, and vibration.

3.2.4 Crew Workload. Safety can be influenced by 
having workloads which are too low as well as too high. 
This relates to the discussion of automation above.

3.2.5 Behavioral Factors. Little is known about the 
debilitating effects of conflicts between crew mem
bers, temporary stress due to personal difficulties or 
even mental illness. Investigations are performed 
after all aviation accidents but these factors rarely 
come up because of possible self-incrimination.

3.2.6 Aircraft Design. Equipment design has always 
been the most widely known of human factors functions. 
Probably the most obvious contribution aviation human 
factors can make to nuclear power plant human factors 
is in the methodologies used to evaluate and refine 
displays and controls before implementation.
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3.2.7. Medical Problems. These can range from in
capacitating conditions such as a stroke to debili
tating conditions such as a headache. The FAA's 
medical certification process seeks to identify in
dividuals with conditions which could result in safety 
problems.

3.2.8 Toxicological Factors. Toxins from cargo, 
combustion, alcohol or drugs can affect crew perfor
mance .

Each of these factors may have counterparts in the 
nuclear power industry.

3.3 The National Transportation Safety Board (NTSB). 
The NTSB Ts responsible for investigating aviation 
accidents, for determining probable cause, and for 
making recommendations for the improvement of aviation 
safety. Their testimony made a number of points of 
potential interest to the nuclear power industry.

The NTSB pointed out that since 1968 they have made 131 
recommendations to industry, the FAA, and pilot or
ganizations which stressed: 1) improved flight deck 
management so as to instill a sense of professionalism 
and to foster discipline and coordination, 2) state- 
of-the-art instrumentation so that decisions can be 
made on the basis of real time information rather than 
from expectations and experience, and 3) the insti
tution of more realistic training requirements so that 
procedures can be fine-tuned and unexpected accident 
enabling conditions may be practised in any sequence 
including full-scale emergencies.

The NTSB noted that they have been often criticized for 
being too quick to identify an accident cause as pilot 
or crew error. They are aware that human judgement 
takes place in the context of a sequence of events. In 
the future more attention will be paid to why human 
errors were made. The NTSB is now expanding their 
accident investigation methodology to identify ad
ditional factors such as: training, experience, and 
procedures; behavioral factors including pre-accident 
observations and psychological problems; medical fac
tors such as physical, pathological and physiological 
problems; and work-space factors including crew sta
tion design, control displays, vision, etc. More 
details on these changes and on the data-base itself 
may be useful to the nuclear power industry.
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The NTSB ended their testimony with the statement that 
an effective human factors program is dependent on the 
active support and assistance of all elements of the 
aviation community.

At this point it would be appropriate to expand upon a 
topic raised in the NTSB testimony, the use of simu
lators for training. Simulator training constitutes 
one of the prime candidates for technology transfer 
from aviation to nuclear power. Aviation has had 
access to simulation for a long time, but it is only 
within the last two decades that we have became so
phisticated in its use. As obvious as it seems, the 
main lesson we have learned is that the way a simulator 
is used is more important than the simulator itself. 
Efficient use of simulators requires: 1) careful
definition of the curriculum to insure that the simu
lator is used to train the things it does best, such as 
malfunction training, 2) design of the simulator to be 
a training tool as well as an emulator of the actual 
equipment, 3) keeping the simulator current with ac
tual equipment updates, 4) the use of qualified 
instructors with good attitudes toward simulation, 5) 
appropriate rewards for skills learned, and 6) obvious 
management support.

The FAA has recently issued a new rule which will expand 
the tasks that it allows to be trained and certified as 
the airlines procure more sophisticated simulators. 
The rule was also designed to push the development of 
simulation technology. When simulators with suffi
ciently high fidelity are available, the FAA will 
permit full training and certification to be performed 
in them.

3.4 The Professional Air Traffic Controllers Organi
zation (PATCO). PATCO brought out one major point in 
their testimony [11] which the nuclear power industry 
will appreciate. They stated that historically, the 
most significant improvements to the National Airspace 
System have come after rather than before disastrous 
events. For example, the introduction of radar in air 
traffic control followed a 1956 mid-air collision over 
the Grand Canyon. Minimum safe altitude alerts were 
introduced after a jet crashed into a mountain while 
approaching Dulles International Airport in 1974. In
tensive study of wind-shear was stimulated by a crash 
at Kennedy International in 1975.
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PATCO's statement is probably less of an indictment 
than a statement of political realities. Yet it is 
something which we should strive to improve. The 
nuclear power industry felt this phenomenon in the wake 
of Three Mile Island. There are few, if any, aviation 
safety problems which haven't been thought of already, 
and for each of these it is fairly certain that a number 
of alternative solutions have already been proposed. 
However, since accidents are so rare, it is usually 
difficult or impossible to prove that the suggested 
improvement will really constitute an improvement. 
Unfortunately we all live in a political world.

3.5 The Air Transport Association (ATA). The ATA, 
which represents commercial airlines, made five state
ments in their testimony [12] which have a direct 
carry-over into the nuclear power field. They stated: 
Safety is the highest airline priority. The airline 
industry became a practical reality when it became 
evident that people could travel safely in an airplane. 
The airline industry grew to its dominant position 
today because the travelling public was confident 
about airline safety. The industry's future growth and 
prosperity are directly linked to a continuing per
ception by the public that air travel is safe. Thus 
there can be no conflict between safety and profi
tability, for if an airline is not safe or is not 
perceived by the public as safe, it simply cannot exist 
as a viable business enterprise.

3.6 The Airline Pilots Association (ALPA). Two final 
bits of wisdom that the aviation industry can pass onto 
to nuclear power industry were brought out by ALPA 
[13]. ALPA pointed out that in most accidents human 
error is just one of many contributing factors. Yet 
much more emphasis goes into determining the causes of 
mechanical failure than of human errors. If an engine 
fails, it is completely disassembled and every part is 
inspected in detail to determine why the failure oc
curred . Much less attention has been paid to the 
underlying cause of human error. ALPA conjectures that 
this may be due to the fact that accident investi
gators, who generally have technical backgrounds, are 
more comfortable dealing with the tangibles of me
chanical failure than dealing with the factors which 
may have led to the degradation of pilot performance. 
As we have been seen above, the NTSB is trying to 
correct this problem.
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ALPA also points out the problem of designing equipment 
to eliminate human failures without fully understand
ing the factors causing the human errors. For example, 
after the 1974 crash near Dulles, all airline aircraft 
were required to install Ground Proximity Warning 
Systems. This new system has reduced the number of 
controlled flights into terrain. However, two years 
ago, a crewman responded to a ground proximity warning 
by turning it off just before the aircraft landed short 
of the runway. ALPA’s point is that human factors 
research should accompany technological improvements 
to insure that their fullest benefits will be realized.

4. CONCLUSION

The purpose of this paper has been to demonstate the 
availability of aviation safety technology and re
search on problems which are sufficiently similar to 
those faced by the nuclear power industry to warrant an 
aggressive effortto adapt and transfer that technology 
and research. Because of time and space constraints, 
discussion was limited to the human factors of air 
carrier safety. This subtopic was selected both be
cause of similarities in the human factors challenges 
faced by the aviation and nuclear power industries, and 
because experience in aviation has shown that human 
error contributes to more accidents and incidents than 
equipment failure does. Examples of congressional 
emphasis on solving aviation human factors problems 
were described, and statements by prominent aviation 
organizations about important human factors issues 
were reviewed. Indications were made on where aviation 
safety technology should transfer most readily to the 
nuclear power industry. This included over twenty 
specific areas. From these indications it seems clear 
that an in-depth effort by the nuclear power industry 
to adapt aviation safety technology, especially in the 
human factors area, will be well worth the investment.
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INTRODUCTION

The human factor plays an important part in the safe operation o f nuclear 
power plants. Inappropriate actions, or inaction by operating, maintenance and 
management personnel at a nuclear power plant can cause an accident. However, 
these personnel can also intevene in a situation which is developing in the direction 
of a significant accident ; their intervention can prevent the accident, or at least 
mitigate its consequences.

Thus it is essential to ensure, as far as reasonable, that maintenance and 
operating personnel make as great a contribution to safety as possible. They 
must achieve and maintain a satisfactory level o f  competence. The personnel 
must have qualifications suited to the responsibilities and tasks they are to perform, 
and they must be well trained and retrained to enable them to be knowledgeable 
concerning the plant where they work and capable o f responding correctly to 
emergency situations.

The objectives of the panel were to discuss the role of the operator as part 
of the man/machine aggregate, his capabilities, and his limitations in maintaining 
an adequate safety level during normal operation and accident conditions.

PANEL DISCUSSION

In opening the panel discussion, the Chairman emphasized that the nuclear 
community had in the past somewhat neglected the role of the operator in 
achieving and maintaining good overall safety in nuclear power plants. More 
attention had been paid to other elements such as the design aspect o f safety, the 
analysis o f loss-of-coolant accidents, and the optimization o f emergency core 
cooling systems. The Cinderella treatment given to the operator has certainly
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ceased since the Three Mile Island (TMI) accident. We must, however, be cautious 
and avoid overstressing the operator’s capacity to act as a safety factor. We should 
not only discuss organizational matters, operator qualification, simulator training, 
control room design, and disturbance analysis programmes, but also bear in mind that 
operators are human beings with inherent capabilities and limitations. In designing 
nuclear power plants, we should allow for operator errors and not let ourselves 
believe that it would be possible to ensure through extensive training and retraining 
that the operators would make no errors. The Chairman suggested furthermore 
that the questions which require attention should be: the qualification and 
training o f the operating staff, particularly of shift supervisors; the possibilities 
of strengthening the operators’ interest and alertness; and the means of facilitating 
rapid access to professional advice for decision-making in accident situations.
He therefore felt it useful for the discussion to concentrate on three main topics:

(1) Qualification and training of the operator
(2) Modes of presenting information to the operator (control room design, 

mimic display, disturbance detection and analysis, computer support, 
etc.)

(3) Automation versus human flexibility.

Qualification and training o f the operator

A panel member representing a regulatory body’s point of view started the 
discussion with the general statement that American utilities had not in the 
past allotted sufficient means for ensuring operational safety. This deficiency 
was, as the post-TMI reviews revealed, not only related to the qualification of 
the operating staff, but included other operational aspects as well, e.g. instrumen
tation and control, managerial capability, and maintenance provisions. One of 
the main goals of operational safety is to enhance the status o f the operator by 
making his job a prestige job, i.e. by encouraging professionalism, offering higher 
pay, etc. This will permit stricter standards in selecting applicants, and it will 
simultaneously allow more stringent requirements to be met. In the meantime, 
the requirements for licensed operators have already been raised; the failure rate 
on operators’ examinations in the United States is now 30%, compared with a 
pre-TMI rate o f 5%. There is also a requirement now that one university graduate 
be present in the control room at all times.

In discussing the necessary modifications to operator training, several contri
butions illustrated the different backgrounds in various Member States. One 
speaker explained that very little has to be changed in countries belonging to 
the Council for Mutual Economic Assistance (CMEA). Since the beginning of 
the ‘seventies, shift personnel in the control room had been required to hold a 
university degree. A speaker from a developing country stated that more emphasis
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is now being placed on operator retraining and requalification; and there is also 
additional attention paid to coping with accident conditions. A speaker from an 
industrialized country stated that, since TMI, the different job profiles of unit 
chief, shift supervisor, and operators have been carefully reviewed, and the 
training programmes adapted accordingly. In that same country, another goal 
is to convey a better knowledge of transients and accident situations and, by 
doing so, to improve diagnostics. Another panel member noted that, in Switzer
land and the United Kingdom, there was now an increasing use of simulators for 
operator training, as well as assignment o f engineers to the control room.

A comparison with aviation did not result in a uniform recommendation.
In America most commercial pilots have received their training in the military, 
where a university degree is part of the entrance requirements. In Israel, a degree 
is not required for commercial pilots. The Chairman added the observation that 
the discussion as to whether to require university degrees for shift supervisors had 
gone on in the Federal Republic of Germany for years. A shift supervisor not 
holding a university degree has to have appropriate training and 8 to 9 years of 
practical experience, while a shift engineer has to have 6 to 7 years o f experience.

The discussion then turned briefly to the issue of human behaviour. It was 
proposed that psychological aspects be included in the discussion o f operator 
capabilities and limitations. Behavioural scientists could be brought in, so that 
human factors could be taken into account. It was pointed out that if personnel 
consider themselves to be overqualified, serious problems can occur. This was 
revealed when the first astronauts replaced the monkeys used earlier in the American 
space programme.

The role o f university graduates in American control rooms was again 
mentioned by the American panel member. Of the 2500 licensed operators in the 
USA, 10% to 20% already have university degrees. The shift personnel, however, 
usually have the basic 12 years o f schooling and 5 to 7 years of training, 
frequently with a nuclear-submarine background. To bring all staff up to the level 
of the new requirements will take some time, so technical advisers holding a 
university degree are assigned to all shifts. They have to have a thorough nuclear 
knowledge, including an understanding o f accident analysis and related techniques 
such as fault-tree study and two-phase flow. These advisers do not carry direct 
responsibility. As shift engineers become available, the advisers will be withdrawn. 
Although some utilities at first objected to the new requirements, they have found 
that the technical adviser had frequently been able to prevent small incidents from 
developing into more severe ones. Now some utilities are considering the 
possibility o f continuing the practice voluntarily.

The panel members were divided in their opinions on the value of using 
technical advisers. One viewpoint was that less qualified people could not be 
replaced by advisers without simultaneously making these advisers a part of the 
line o f responsibility. This is the practice in France, where the adviser is entitled
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to make decisions. The disadvantage inherent in removing some of the responsi
bility from the shift supervisor has been temporarily accepted, with the under
standing that, as soon as the shift supervisor meets the new requirements, the 
responsibility would be returned. The usefulness of the adviser was highlighted 
by the example o f the Swiss nuclear power plant at Beznau where, when a relief 
valve stuck in an open position in 1974, the advisory engineer had been able to 
prevent the development o f a TMI-like situation.

Presentation and management o f information

This discussion round started with a general observation on control room 
operator behaviour, made by a utility spokesman. In accident conditions, the 
operator is always subjected to considerable stress arising out o f the elements of 
surprise concerning what is happening to him. He has a tendency to favour ‘good’ 
information over ‘bad’ information, since it restores his feeling of security.

It is therefore necessary to take this well-known aspect of human behaviour 
into account when designing the plant controls. In the first period of an incident, 
automatic action should be used to bring the plant back into a safe condition.
The operator’s role would be only to satisfy himself that everything is working 
appropriately. After five minutes, when the new set o f parameters will have 
sufficiently developed, he could begin to diagnose what had happened, to evaluate 
the severity of the incident, and to forecast its further development. In order to 
enable a reliable diagnosis, the information presented to him should be relevant 
and limited in quantity. It should include data on: (1) the activity released via 
the plant stack, (2) pressure and activity in the containment, and (3) activity of 
the primary circuit. Only after receiving these data should the operator begin to 
follow the emergency operation instructions that correspond to his diagnosis.

The emergency operating instructions should meet certain requirements: 
they should fit the accident analysis; they should be written in an easily under
standable language, they should provide some holding points to allow the operator 
to check his initial diagnosis; and they should have been validated during plant 
commissioning and on the simulator as far as possible. One has to realize, 
however, that in certain situations, e.g. after common-mode failures, operator 
errors, etc., the operator may not understand what is going on and may not be 
able to identify the appropriate instruction. For such cases, he should have at 
his disposal so-called ‘emergency procedures’ which would be straightforward 
and would ensure at any cost the cooling o f the fuel. All instructions should be 
validated by testing; and they should also take into account the lessons learned 
on the simulator, since it has been found that operator errors experienced on 
the simulator will usually be repeated under stress. The operator should always 
be considered as an intelligent human being who may have deficiencies but who 
is an absolutely necessary element in the safe operation of the facility. One should



IAEA-CN-39/3.3 149

continually encourage his interest in the work to be done and his initiative to do 
the best job possible.

The importance o f human factor analysis was once again revealed by an 
example from the aircraft industry. The United States National Transportation 
Safety Board detected in 1975 that most plane crashes under low visibility 
conditions occurred, surprisingly enough, after the pilot had established visual 
contact with the ground. It was found that this was because the pilot had 
frequently to change from looking up (to the runway) and down (to the instru
ment panel). A ‘head-up’ display was proposed which would project information 
on the windshield, so that the pilot could obtain the necessary information both 
from the runway and the instruments, on the same level. An argument for 
immediate adoption of this type o f device, without first performing a human 
factors analysis, was that the United States Air Force and the French civil airlines 
were already using ‘head-up’ displays successfully. However, further investigation 
revealed that the military used the device for weapons systems delivery, while 
the French used it as a back-up to automatic landing. The Safety Board was, 
in this instance, considering the device as an aid to manual landing. When simulator 
tests were performed, it was found that difficulties resulted in switching between 
close-up and far-away information, even in the case of experienced pilots; some 
did not even see a simulated plane on the end of the runway. The lesson to be 
learned from this experience was that one must be aware o f the possibility of 
creating new problems when one introduces devices to solve known problems.

In the view o f a panel member from a regulatory body, too much information 
was offered in the older control rooms. A condensation of this information for 
decision-making appears necessary. The confusing situation where several hundred 
alarms are illuminated in a control room should not be tolerated in the future.
There should be a drastic reduction; or at least a hierachy of alarms should be 
established which leaves only five or six significant alarms that are activated under 
accident conditions. Other items to be improved are the operating procedures in 
accident conditions; these should be reviewed by the nuclear steam supply system 
vendor before an operating licence is issued. An interesting piece o f  information 
was given in this context concerning a test intended to check the operator’s 
capability to cope with emergency conditions: This is the practice adopted in 
France of cutting o F  the nuclear power plant from the transmission network.
The main alternator should still continue to supply the station load. If, however, 
it does not, an emergency power supply has to be provided, to ensure essential 
functions and the continued provision of information to the operator.

When the question was raised concerning the usefulness of colour video 
displays in control rooms, participants considered them to be a natural evolution. 
Much emphasis was placed on the problem of distinguishing the important 
information amidst the background noise. And again the nuclear people turned 
to the aviation man for advice: How much information could reasonably be
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handled? The answer indicated that this was difficult to quantify. One must 
always ensure that the information presented can reliably be handled. However, 
the amount that can be handled is not one number, but an array of numbers.
It depends on a variety o f factors, including operator qualification, information 
display, information reduction systems, etc. Aviation experience cannot always 
be translated to nuclear application. An illustration of this is a collision 
avoidance device installed in an airplane cockpit, which gives instructions in case 
of an emergency but no reason (because if the pilot took time to find this out, 
it would be too late).

There is obviously no straightforward approach to optimum operational 
safety. A careful analysis o f all relevant aspects is required before any new 
system is installed, to avoid replacing one problem by another, or even increasing 
the current problems.

Automation versus human reliability

The starting statement for this discussion round pointed out that the plant 
operator has to play two roles: (1) During normal plant operation he must be 
an observer and optimizer. (2) Under accident conditions he must be an active 
component of the safety system. This dual function raises problems, since 
the operator will probably become bored and feel overqualified if he works for 
many years without encountering any major occurrence. His qualifications will 
only rarely, if ever, be utilized completely. The psychological aspects of this 
problem have to be taken into account when selecting and training the operating 
staff.

Although not all nuclear power plants have the same status o f automation, 
automatic devices should in case of incidents control the plants for the first five 
to thirty minutes, in order to allow the operator to diagnose the situation and 
consider what actions must be taken. The ability to perform this sort of 
diagnosis should be an integral part of any training and retraining programme.
As soon as the operator has a clear understanding o f the plant situation, he should 
interfere and take over the control from automation, if necessary. The desired 
type o f operator response was demonstrated during an incident at the Crystal 
River plant in the USA, when, due to failure of the power supply, 70% of the 
instrumentation was also lost. The operators did not interfere with the automatic 
emergency core cooling system for 30 minutes, but after return o f the instru
mentation they began to restore the plant to more normal conditions. In this 
process, even though it could not be avoided that the primary system essentially 
went solid, the operators did exactly what they were supposed to do.

As regards written operating procedures, it was pointed out that clarity and 
simplicity can best be achieved by close co-operation of the vendor and the 
operator, as is the practice in France and in the Federal Republic o f Germany.
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Computerized diagnostic tools, such as disturbance analysis systems and plant 
status display systems, constitute a promising development, but are as yet far 
from being operational. Analysis o f accident sequences is important, both for 
risk studies and diagnostic tools. Some commercial devices, such as the so-called 
plant incident evaluator, could already be used in cases where the plant operator 
had performed a plant-specific risk analysis. Modern computing equipment will 
eventually provide diagnostic information in real time, or faster, during an accident. 
Development o f such devices is an ambitious target.

The enthusiasm about the future of the streamlined control room and 
operator complex was somewhat tempered when the aviation man described 
problems faced in designing aircraft cockpits. His main point was that there 
are no ready recipes or simply transferable solutions. In discussing a minimum 
safe altitude warning alert, he pointed out the dilemma posed by the desire of 
the pilot or operator to know about what is going on behind the automation, 
and the fact that to give him all the information causes confusion and perhaps 
even fatal delay.

The issue o f maintaining high-level operator qualification over extended 
periods o f time surfaced again and again in the discussion. The importance of 
practice-oriented training was confirmed by various panel members. The experi
ence o f small incidents, and their analysis and feedback was mentioned as 
providing a continuous training ground. In France, operators may in the future 
have at their disposal miniature computers that maintain the operators’ 
competence by simulating transients or accidents, thus providing a test of their 
diagnostic and remedial capabilities.

A contribution from the audience gave an insight into the training o f nuclear 
submarine crews in the United Kingdom. Since there is sometimes a potential 
conflict between the demands o f submarine safety and those o f nuclear safety, 
the need for thorough training of the crew was stressed from the very beginning.
A key point o f this programme is that the supervisor is trained to be able to take 
over any duty in the shift. This approach provides flexibility and gives the 
supervisor additional authority. Second, the team concept is encouraged. At 
six-month intervals each crew has to undergo regular simulator training during 
which the operating experience o f the preceding period, including any incident, 
is fed back. Third, it is the job o f the supervisor to organize the appropriate 
training o f newcomers. Fourth, the supervisor himself is also trained to act 
correctly under pressure, for which purpose the simulator is used. The nuclear 
training programme uses written operating procedures for normal operation, 
and the emergency procedures are few in number, simple in form, and must be 
committed to memory. These procedures are also validated by simulator tests.

Other speakers from the audience addressed the various properties of the 
optimum operator. Does university graduation ensure that a person will remain 
calm in accident conditions? Isn’t common sense the commodity we are looking
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for, supplemented by a thorough formal training and in-depth practical 
experience? Another concern expressed was related to the lack o f common 
definitions for terms such as ‘operators’, ‘shift supervisors’, ‘university degrees’, 
etc. Until these are formulated, some misunderstandings could develop as 
regards the operator requirements and the means to meet them. The basic 
problem was, in this view, a clear definition o f the job profile and of the man 
profile, in order to ensure the right man to absorb the knowledge required for 
the position.

In conclusion, panel members stated that the overemphasis on design in 
the past should be replaced by an even distribution between design and operation. 
A career in the operations field should offer just as many opportunities for 
advancement, prestige, salary, and public involvement as one in the design field. 
Moreover, operation should not be understood in a very restricted sense, but 
should also include correlated activities, especially maintenance.

SUMMARY

The role o f the nuclear power plant operator is particularly important when 
abnormal plant conditions arise. Conclusions with regard to increased considera
tion o f the human element in safe operation can be summarized as follows:

A university degree should be required for shift supervisors (operators).
As a temporary measure, a technical adviser on each shift may be needed 
in those countries which do not already require that operators be university 
graduates.

In abnormal or accident situations, the plant should be designed so that 
the operator is not needed in the first few minutes (periods varying from 
five to thirty minutes were mentioned) except to check that automatic 
sequences are operating properly. This would provide the operator with 
time to analyse the situation, so that he can make a correct diagnosis as to 
what actions to take to assure a safe shutdown.

It is necessary to organize the information given to an operator. He needs 
all important information, but not necessarily all the details. Alarm and 
off-normal indications under routine (or so-called normal) conditions should 
be few in number and equipment providing computerized diagnosis o f plant 
conditions should be developed.

Operating procedures should be written in a language which the operator 
can understand even under stress; in particular, simple emergency procedures 
should be provided. Whatever happens, the operator should know what 
steps to take to lead the plant in the direction of safety. Writing procedures
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for a nuclear power plant should be a joint effort o f the vendor and the 
operator.

Finally, it should be mentioned that contributions by a panel member from 
the aeronautics and space industry and an expert with submarine experience 
showed that the nuclear industry can benefit considerably from experience 
gained in other fields.
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TRAINING FOR SAFETY IN THE AIR

D. UCHTDORF ,
Deutsche Lufthansa AG,
Frankfurt am Main,
Federal Republic o f Germany

Abstract

TRAINING FO R  SAFETY IN THE AIR.
Flight training fo r in ternational air carriers plays a significant role as regards m aintaining 

a high safety standard. This task is considered under the  aspects o f (a) hardw are, which is 
th e  aircraft itself w ith all technical system s or the  respective flight sim ulator representing the 
aircraft accurately in  a training environm ent; (b) softw are, consisting of concepts and procedures 
fo r operation  and training; and (c) lifeware, which refers to  th e  hum an operator in the  system, 
including the  selection of personnel. Furtherm ore, inform ation  is presented on  basic flight 
training, the  transition  to  a new aircraft, how  emergency conditions are dealt w ith and 
to d ay ’s au tom ation  in airline flying w ith a b rief look a t the  fu ture  role o f autom atic 
safety devices.

1. INTRODUCTION

Advanced flight training o f airline pilots has changed dramatically during 
the past two to three decades. Whereas 30 years ago the transition flight 
training for a new type o f aircraft as well as all semi-annual proficiency check 
flights were carried put totally in real flight, we are now investigating very seriously 
the possibility of abolishing basic flight training in modem jet aircraft completely. 
Airlines are working pretty hard to achieve what is called “Zero Flight Time”,
i.e. no flight time in the aircraft at all for basic pilot’s training.

Before going into details I want to give you a brief introduction o f what 
I shall be trying to tell you. When talking about man-machine-systems like 
the operation o f an aircraft we should direct our attention to the separate 
components o f this kind o f system.

We have to consider

hardw are: the aircraft itself with all the technical systems or the 
flight simulator representing the aircraft accurately in a training 
environment;

so ftw a re : consisting o f concepts and procedures for operation 
and training;

life w a re : the human operator in the system.

155
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Furthermore I should like to give you some information about the 
selection of our flight crews, basic flight training, and transition training for 
a new aircraft type. Then you might be interested in an example which shows 
you how an emergency condition is dealt with and finally we shall take a short 
glance at automation today in airline flying and the future role o f automatic 
safety devices.

What are the reasons that have led to the tremendous change o f our training 
concept and transferred flight training out o f the aircraft into the flight simulator? 
There are three main reasons: safety, e ffic ie n cy  and econom y.

The most important one is safety. A high percentage o f accidents happen 
in training flights. A flight in the simulator can be terminated by a crash, too. 
However, there will be no loss o f human life nor damage to aircraft. Training for 
most abnormal and emergency situations is much more realistic and therefore more 
effective in a simulator than in real flight, because in jet aircraft you will never 
intentionally create a realistic emergency situation like shutting down more than 
one engine, switching off the total electrical power supply or generating dense 
smoke in the cockpit. This can all be done in a simulator. As you can imagine, 
economic facts play a major part in the effort to transfer flight training into the 
simulator. The price o f a rriodem flight simulator is as high as about 11 million DM, 
however, the operating costs are much less than those o f an aircraft. A training 
flight hour of a В 747 costs around 24 000 DM -  and this is without considering 
the losses due to non-revenue time. This amount will increase even more due 
to escalating fuel prices. A flight hour on one o f the new generation simulators 
costs up to 800 DM. This is only 3.0% of the current aircraft operating costs.
A safe airline is not necessarily financially sound, but an unsafe airline cannot be.

2. TRAINING HARDWARE

What kind o f machine actually is a flight simulator? Put briefly: it’s a 
learning machine. Viewed technically it represents the flight deck, flight 
characteristics and all technical systems of a certain type of aircraft.

Flying a simulator you will feel the correct motion cues as in the aircraft 
concerned and if you look out o f the cockpit windows you will have a bird’s 
eye view o f a landscape, an airport, an approach light system and a runway or 
you might see nothing because you are flying in cloud. You will hear the 
noise of the engines and o f the high speed airflow around the cockpit part of  
the fuselage. Figure 1 shows what a simulator looks like.

The heart of a flight simulator is a digital computer. A modem simulator 
has freedom around 6 axes o f motion: roll, pitch, yaw, heave, lateral, fore and 
aft movement. The visual scene may be provided by up to six visual channels 
for front and side windows and is generated by a separate computer. Different
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Flight sim ulator

Access 'drawbridge' ,usela3e Cexamplel

F IG .l. A flight simulator.

airports and environments can be stored by this computer-generated image 
(CGI) system in the form o f data bases. The picture in relation to the computed 
aircraft position and attitude is displayed via a CRT on a concave mirror in 
front o f the corresponding cockpit window. It gives an infinity image in correct 
perspective. Using a visual aid simulator is the only way to train pilots in low  
visibility and low cloudbase approaches and landings. Cloudbase height and 
visibility as well as light conditions like daylight, dusk or night can be set by 
the instructor. Regarding abnormal and emergency conditions there are more 
than 400 different malfunctions which can be inserted.

At present we are operating seven flight simulators for five different types 
of aircraft at our Flight Crew Training Centre in Frankfurt. Two o f these 
simulators are used by our ATLAS partners as well. ATLAS is a group of 
five European airlines (Alitalia, Air France, Iberia, Lufthansa and Sabena)
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established for the sole purpose of cost-sharing in the fields of aircraft maintenance, 
flight operation and flight crew training. There is another European group called 
KSSU formed by the initials o f KLM, SAS, Swissair and UTA. Due to the 
tremendous costs o f aircraft maintenance and flight crew training each o f these 
groups decided to order new aircraft -  mainly wide-bodies — based on a 
commonly defined specification.

Engines, instrumentation or navigational systems of the A 300 В or of 
the DC 10 are exactly the same for all ATLAS partners. As a consequence, 
a common maintenance system has been developed and the flight simulators 
for these aircraft are used by the partners according to a cost-sharing system.
That is why Lufthansa DC 10 crews perform all their simulator training in the 
Sabena DC 10 simulator in Brussels or Air France crews do their A 300 В 
simulator training at the Lufthansa base in Frankfurt.

Another aspect in hardware is the design and specification o f new aircraft.
The flight crew has a major part in choosing the right cockpit-layout and 
preparing understandable procedures.

3. TRAINING SOFTWARE

Let me take the DC 10 as an example for the development o f aircraft 
operating procedures. The DC 10 procedures were evaluated and established 
by the ATLAS group in the following way:

A complete “flight profile” was divided into separate “phases of flight”, e.g.

Cockpit preparation
Engine start
Taxiing to the runway
Take-off
Climb.

The tasks o f the flight crew within each particular “phase of flight” had 
been analysed to develop so-called “specific behavioural objectives” (SBOs).
These SBOs are clearly defined and very detailed tasks to be accomplished by 
the flight crew. The SBO concept is a scientific approach to operating 
procedures. It contains all the conditions of airplane and system operation and 
it defines the actions to be carried out, i.e. what the crew member must be 
able to do about those conditions. The emphasis is on “what can be seen, felt 
or otherwise detected and what should be done about it”.

This is a very sharp departure from the traditional teaching “what can 
I tell the student about the airplane”. Since what could be expected from the 
airplane and its systems had been identified, and the expected crew reactions 
specified, it is much easier to define what the trainee should be able to do
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at the end o f each segment o f his training. Now we have specific things we 
can observe the crew member doing, things we can ask him about, why he is 
doing them. This is a specific behavioural objective -  a SBO. Having an identifiable 
and specific objective it will be no problem to develop and write standard 
operating procedures as well as training material. That will assure that the 
trainee can perform as defined. To work out a particular procedure, all the 
related SBOs have to be set in a specified sequence. For every condition in 
a certain phase o f flight a corresponding action has to be defined. The main 
point is then to assign a specific action to a specific crew member. At this 
point I have to tell you something about another principle o f cockpit work 
which is the Crew C o-ord ina tion  Concept.

This concept was created to replace the former “single man concept” 
which we had some 20 years ago. At that time a pilot was trained to be able 
to do everything by himself — to fly the aircraft, to detect system failures 
and to handle them. We called it “the one-man show”. It turned out that 
this concept could not be maintained any more in an era o f complex aircraft 
systems, dense air traffic situations and complicated air traffic control procedures. 
It would trigger absolutely unsafe operation because the pilot handling the 
flight controls would have to divide his attention between a great number o f  
different tasks.

The crew co-ordination concept governs the organization of the cockpit 
work during phases o f flight to meet the following goals:

To allow the pilot who is steering the aircraft to concentrate fully 
on his primary task

To achieve a balanced task distribution

To regulate the crew’s co-operation

Mutual exchange o f  information

Mutual assistance in normal and abnormal conditions.

In addition to his assigned tasks each crew member must devote as much 
attention as possible

to the progress o f  the flight 
to all aircraft systems 
to the airspace
to the work o f his fellow crew members.

Any discrepancy must be reported immediately and any crew member 
must be kept informed o f the situation in the cockpit and of the intentions 
of his colleagues.
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The captain bears overall responsibility for the aircraft operation, never
theless the other crew members are responsible for the thorough performance 
o f their assigned routine or specially delegated tasks. Any crew member who 
has to carry out a task not only has to perform an action but in addition 
takes over the responsibility for the accomplishment o f the task. Teamwork 
is now compulsory in our cockpits; however, there has to be a manager who is 
able to promote and maintain efficient co-operation and who sets priorities 
in the sequence of task performance.

The responsibilities o f each crew member are laid down in the flight 
operations manual.

Standard operating procedures include a rigid task assignment for every 
crew member in every phase o f flight.

These standard operating procedures are contained in the aircraft 
operation manual and in an “abnormal and emergency procedures booklet” 
which has to be used during all abnormal and emergency conditions.

4. LIFEWARE

The most important part o f any man-machine system certainly is the 
human being. For this reason great care is taken in selecting the right personnel 
for the task. In the airline business today there are in general two different 
ways o f hiring the required flight personnel.

One is the “direct entry pilot”, a pilot who already has flight experience 
with the military, other airlines or comparable commercial flying. He needs 
rather short flight training and has already proven that he can do the job.

The other group is the “ab initio pilot” ; he has generally no previous flight 
experience at all, he is the newcomer, the greenhorn. This is the kind o f person 
we are normally looking for in Lufthansa’s recruiting office.

The basic requirements of a candidate for the 5-day written and oral 
examinations are:

Age: 19—24 years

Height: preferably 1 .7 0 -1 .9 0  m (due to ergonomic
requirements)

Health: full eyesight, full colour vision

Education: “Abitur” — which is an education standard
approximately equivalent to two years’ college in 
the United States.
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Nearly 25 years ago Lufthansa developed a test battery for examining our 
applicants which includes:

General education 
English
Mental arithmetic 
Mathematics 
Technical knowledge 
Physics
Extensive psychological tests 
Psychomotoric tests 
Sports
Practical test in a link trainer 
An interview with our examination board

and last but not least, the
«

Medical examination.

Each criterion is evaluated with a certain grade. This test result is compared 
with a preset maximum and minimum value according to the importance o f  
the criteria for the profession o f airline pilot.

Each year we examine approximately 2500 young men. Of these we accept 
about 140 to enter our pilot school. We have learned from experience that due 
to this high quality selection system, drop-out rates during this part o f the 
training are only between 5—8%, and less than 1% will fail during the training 
on the line after completion of our basic pilot school.

The recruitment requirements o f our flight engineers differ very slightly 
from that o f our pilots. The age minimum is 21 years and the maximum 
28 years. As regards education we accept only graduate engineers, preferably 
in the subjects o f  aircraft construction, vehicle or machine construction and 
electrical engineering. Good knowledge o f  German and English is required.

Now back to the man-machine interface.
We must be aware o f a whole battery of interface problems between the 

human operator and the hardware and software parts. But both these parts can 
be fixed to meet the requirements o f  the human being. However, there are still 
interface problems to be solved between lifeware and lifeware. In my company 
we currently have about 2000 cockpit crew members — captains, copilots 
and flight engineers. It is impossible that we all know each other. Nevertheless, 
we have to co-operate very closely within a narrow cockpit right from the 
beginning o f a trip that can take as long as 2 -3  weeks. Therefore, a standardized 
crew co-ordination including Standard Operating Procedures (SOPs) and even
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a standardized phraseology for certain important tasks has to be applied. But 
in addition every single crew member must be willing to work within a team 
with other people he didn’t even know before. That is why crew co-operation 
starts with the selection o f flight crew members. During our selection process, 
we not only investigate the level o f knowledge and psychomotor skills o f an 
applicant, but his personality factors as well. We deem people who show a high 
degree of introversion, inflexibility, rigid or aggressive behaviour not capable 
of working within a team and we reject them even if  they show an excellent 
performance in the other areas o f the selection scheme.

5. TRAINING OF FLIGHT CREWS

“Ab initio” student pilots enter the pilot school for the purpose of 
learning all manual and academic skills to manoeuvre an aircraft in a safe and 
efficient manner and earn all required licences for an airline pilot.

We need 24 months to reach that goal:

3 months

6 months 
(160 flight hours)

3 months

4 months
( 100 flight hours)

8 months
(30 flight hours plus 
30 hours simulator)

theoretical instruction for the Private Pilot’s 
Licence in Bremen, Germany

flight training on the single-engined Beech Bonanza 
in Phoenix, Arizona, accompanied by theoretical 
instruction preparatory for the commercial 
pilot licence

theoretical instruction including the tests for the 
commercial pilot’s licence in Bremen

flight training and theoretical instruction in 
Phoenix, Arizona, on the twin-engined Beech Baron.

theoretical instruction including the tests for the 
Airline Pilot Licence accompanied by flight training 
on the Beech King Air.

In these 24 months the Greenhorn advances from “0 ” (zero) flight 
experience to a qualified airline copilot with a type rating on the King Air.

Since he has flown propeller aircraft throughout his flight training and his 
first assignment on line duty will be in a jet type aircraft, we have to continue 
in our progressive training method to put in a step which will allow an easy 
transition from prop to jet. Our answer is the jet trainer, a simulator, a synthetic 
flight equipment with the characteristics o f a jet plane. The trainee receives 
30 hours o f flight time to practice normal line operation procedures.
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This jet trainer is the 4th aircraft the student pilot flies. And as you might 
have experienced even in small aircraft, each one has its special handling 
characteristics. The layout o f instrumentation, switches, engines and performance 
differs even with the same manufacturer. Since it is difficult to overcome habits 
and procedures once learned, we are aiming for SOPs for all types o f aircraft.

Naturally there must be differences in operating a Beech Bonanza or a 
В 747 but the basic concept can be the same. To adhere strictly to once- 
established procedures, have a common way in constructing checklists, use the 
crew co-ordination concept on any type o f aircraft and to apply a call-out 
procedure for flight progress — and also for reasons o f ground awareness — 
as well as for two-way communication to assure human redundancy. Take-off 
briefings in all aircraft and at each take-off will contain the same highlights:

One-engine climb-out procedure
Noise abatement climb-out
Confirmation o f departure clearance
Special aspects such as critical take-off weight, local traffic, adverse 

meteorological conditions.

Whenever an answer to the established checklist or call-out differs or is 
not given, the other crew member has to verify it to make sure that a subtle 
incapacitation has not occurred.

After successful completion of the basic pilot school or the flight engineers 
school the pilots and flight engineers enter transition training to get their 
qualification for a new type o f aircraft by taking a ground course.

This ground course is merely theoretical instruction covering the necessary 
system knowledge for the aircraft. It lasts approximately 20 working days 
depending upon the aircraft type and is carried out by use o f individual autotutor 
teaching machines. This self-instruction will be combined with exercises in a 
Cockpit Procedure Trainer (CPT). The CPT is a correct cockpit mock-up where 
most o f the aircraft technical systems’ operation can be simulated. Switches, 
handles and lights for operational status and warning purpose are operative.
You might say a CPT is a simulator without visual and motion systems and 
without the response o f most flight instruments to inputs from control sticks 
or rudder pedals. The theoretical information needed to know how to handle 
an aircraft system like the hydraulic or electrical one in normal, abnormal and 
emergency conditions forms a specific programme for the autotutor according 
to the SBOs. After getting familiar with this theoretical information the trainees 
apply and deepen their knowledge the same day by handling the corresponding 
switches and controls according to the operating procedures within the simulated 
cockpit environment o f a CPT. Instruction in the CPT is scheduled for four 
to five trainees at a time under the guidance of a ground course instructor. All
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FLIGHT CREW LESSON PLAN r.-i. 1

\̂ У TRAINING CENTER A 300 SIM U LATO R  LESSON 1 D ec.7í

O B J E C T I V E S  : - F A M I L I A R I Z A T I O N
- R U N A W A Y  S T A B I L I Z E R
- LSA C O N N E C T / D I S C O N N E C T  F A I L U R E

T A K E  O F F  D A T A  : - CALM, 10 km, 14/8°C, 1013 
GW : - 130 t

Crew M e m b e r
T r a i n in g  Items CODE OR I N ITC M I CM 2 CM 3

X X X ■1. COCKPIT LIGHTS AND CREW SEATS

2. ENGINE START: NORMAL

3. STATIC TAKE OFF (FLAPS 8)

4. CLEAN UP AND CLIMB TO FL 150 WITH 
INTERMEDIATE LEVEL-OFFS, CLIMBING 
AND LEVEL TURNS

5. ACCELERATE TO Vm o : INTERMITTENTLY 
SWITCH OFF BOTH PITCH FEELS

6. DECELERATE TO Vm j n  0/0 AND NOTE 
TIME WITH/WITHOUT SPEEDBRAKE

■7. г50 KTV. OftSEMt ROLL 
RATES WITH LSA CONNECTED/DISCON
NECTED (450 WHEEL-INPUT, 30 TO 
30 BANK)

6. STEEP TURNS (45*BANK)

9. STALL RECOVERY (ALL CONFIGURATIONS) 
DEMO: к -FLOOR PROTECTION (CLEAN, 
FLAPS)

10. CLIMB TO FL 250: STALL RECOVERY IN 
CLEAN CONFIGURATION

11. CLIMB TO FL 350: STUDY OF LOW SPEED 
AND "G" BUFFET (IN TURN), ALPHA TRIM

IN IT 12

12. DESCEND TO FL 80: NOTE RATE OF D E S 
CENT WITH/WITHOUT SPEEDBRAKE

13. RECOVERY FROM HIGH RATE OF DESCENT 
(FL 80-FL 50) IN LANDING C O NF I GU 
RATION, GA

14. CLEAN UP AND DESCEND TO 3000 FT

ü .  'лиоч o f  мттоЕ Mit) POWER M
250 KTS, Vm a NO/O, 8/20 AND 15/20 IN 
THE RESPECTIVE FLAP/SLAT C ON F IG U 
RATION

16. ILS APPROACH WITH FD AND LANDING

FIG.2. Example o f  a simulator lesson plan.
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our ground course instructors are active flight engineers. A typical working day 
during the ground course phase consists o f 6 hours of self-instruction in the 
autotutor and o f 2 hours familiarization and instruction in the CPT. The ground 
course has to be completed by a multiple choice test given by the autotutor.
For correct answering the corresponding button А, В, С or D has to be pushed. 
Simulator training starts after the ground course test has been passed. A group 
of two pilots is trained by one training captain. The number o f simulator 
periods varies from 9 to 12 with respect to the level o f experience of the trainees.

It takes longer to train new copilots and new captains than to train an 
experienced В 707 pilot for a В 747. The training programme is completely 
standardized in view of manoeuvres to be performed and their sequence. This 
is written down in a simulator syllabus which is handed over to the trainees. 
Figure 2 shows a sample page. So the total simulator training is fully transparent 
and all students are expected to be well prepared for the training periods.
We try to schedule our training crews so as to have complete flight crews in the 
simulator, i.e. captain, copilot and flight engineer. This is necessary to start 
the training already in the simulator in compliance with the formerly mentioned 
crew co-ordination concept. A briefing time of 1 to i j r  hours before every 
simulator session is used to discuss the complete training programme for that 
day, including background information for certain manoeuvres and procedures. 
The time in the simulator itself is 4 hours. Each pilot has 2 hours at the flight 
controls and 2 hours as assisting pilot. A coffee break o f about 15 min is 
included. As you can imagine, simulator training is most challenging for all 
flight crew members. A lot o f normal, abnormal and emergency procedures have 
to be carried out within a short time and the situation is changing constantly. 
This is why many o f my colleagues regard the simulator as a real torture box.

During the first simulator period the pilots make themselves familiar with 
the aerodynamic characteristics of the aircraft type. At that stage the pilots 
have to know already the configuration parameters for all flight manoeuvres 
such as power settings, airspeeds for different landing flap positions, pitch 
attitude angles etc. They are just deepening their knowledge by practising 
different manoeuvres. Therefore, it is o f utmost importance that the simulator 
behaves like the aircraft. For that reason each of our simulators is taken care of 
by a combined maintenance and test flight crew. These people test and maintain 
the simulator at regular intervals.

During further progress of simulator transition training abnormal and 
emergency procedures are practised. The instructor can program the simulator 
computer in such a way that a particular fault, e.g. an engine flame-out, occurs 
at a predetermined speed or altitude. Modem simulators accept preprogramming 
of all malfunctions for a complete training session even before the training crew 
starts the engines. The final training session will be a check-ride with a different 
training captain. The crew has to demonstrate a satisfactory performance in a
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1 Pag 4 Uui"76l I A T L A S  DcTol

E N G  F IR E  O B  S E V E R E  D A M A G E

Throttle .................................................... ..........................................ID L E 1
F U E L  Lever .................................................... ..................................... OFF I3
ENG FIRE Handle/Agent....................... . .DWN/DISCH, CHECKED 3
C lo c k  ................................................................. ..........................  STAR TED 3
Fire Warning L t s ..................................... .......................  OBSERVED All
•A—  On after 30 sec

j Second A g en t............................. ............DISCH, CHECKED 3
Out 1

I ‘-N O T E : If  A P U  is requ ired , leave one Fuel Sys 2 T A N K  PUM P
sw O N  in  n e x t a c tion .

Related Fuel TAN K PUMP S w s ............ ..................................... OFF 3
ENG PNEU SUPPLY S e l ....................... ..................................... OFF 3
Related IS O LV A LV E Sw(s>................. ................................ CLOSE 3
Motor PUMP Sws {1-3 and 2 - 3 ) ............ .............................AS ROD 3
ENG HYO PUMP Sws (Affected engine) ..................................... OFF 3

I Land at nearest suitable airport. Use 35/EXT configuration and
j speeds for landing. j

ENG SHUTDOWN IN FLIGHT
1

NOTE: I f  conditions permit, operóte 3 min at idle.
FUEL Lever ..................................................................... 3
Related Motor PUMP S w ..................................... . AS RQD 3
Hydraulic Pressure.....................................................................CHECK

NOTES: L im it bleed usage from  any one engine to  tw o packs 
or to one pack and wing anti-ice. Use APU gen if  required.

3

Maintain fuel in balance.
Related PACK Function Set ........................................... PACK OFF 3
Related ISOL VA LV E Sw .............................................. ONE OPEN 3
Related ENG PNEU SUPPLY Sel ................................... 3

Use 35/EXT configuration and speeds for landing.

ENG VIB HI LT (S) ON

Consider eng shutdown if other abnormal symptoms are ob
served. If conditions permit, try to reduce vibration indication 
by reducing thrust

FIG.3. Example o f  a procedure list.

number of specified manoeuvres and procedures and will be graded according 
to flying ability and co-operation within the team.

Training captains and training flight engineers are selected from the group 
of ordinary line captains and flight engineers with regard to their proficiency 
records and their motivation to teach and to take over additional tasks within 
the Right Crew Training Centre. Training to become an instructor is based on 
a training programme in accordance with the requirements o f  the Federal 
Aviation Authority. A new training captain has to attend class room courses 
o f two one-week terms held by company psychologists to get familiar with 
modem methods of teaching and learning. He will be host during one total 
simulator training course, do a simulator check ride on the right hand (copilot’s)
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seat -  which is new to him — and thereafter he will perform all the briefing 
and instructing by himself during another simulator training course under 
supervision o f an experienced colleague. During his flight training on the aircraft 
he will fly a complete proficiency check on the copilot’s seat, covering abnormal 
and emergency procedures such as simulated engine failure during take-off 
or recovery from a bounced landing. He will than train two student pilots in 
the aircraft under supervision to receive his check pilot licence for a certain 
type o f aircraft from the Federal Aviation Authority. He may now act as a 
representative for the German Federal Aviation Authority in doing training and 
licence renewal check flights.

At present we are still doing some basic flight training in the aircraft, 
consisting mainly o f  take-offs and landings to become sufficiently familiar 
with the landing technique o f the aircraft under various conditions. There is 
no check-ride and the aircraft type rating is granted by the civil aviation 
authority on account of the passed simulator check ride. There is a very 
strong trend aiming to eliminate within the next few years any flight training 
in the aircraft, due to the realistic performance o f advanced flight simulators.

Following his basic training the new pilot has to perform some line 
training. These are regular line flights under supervision o f a check captain to 
make him familiar with the line operation and the network o f the aircraft 
which is new to him. He has to pass a semi-final and final line check-ride before 
the company accepts him as a fully qualified pilot on a certain type of aircraft.

All pilots and flight engineers have to undergo semi-annual proficiency 
checks in the simulator. An airline transport pilot’s licence expires after 
6 months if  a pilot does not prove his performance by a simulator proficiency 
check and a medical examination. These simulator proficiency checks are very 
similar to the final check-ride o f a simulator transition training.

6. HANDLING OF AN EMERGENCY CONDITION

Let me assume the condition “engine on fire” in an A 300 aircraft or 
simulator. This is indicated to the cockpit crew by a specific oral warning 
and a number of red warning lights. The captain calls out “engine fire on 
engine number two”. Due to the severe nature o f this condition no time must 
be wasted. While in less dangerous conditions all procedure steps are read in the 
abnormal procedures list right from the beginning and are carried out accordingly, 
the first steps o f an emergency procedure such as an engine fire are so-called 
“immediate actions”, i.e. these actions have to be known by heart and performed 
immediately without reading the procedure list beforehand. Each action is 
assigned to a specific crew member. The captain does the first “immediate 
action”, which is to take the throttle or thrust lever o f the related engine to
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idle thrust. He will then call out: “shut down affected engine” which is an 
order to the flight engineer. The captain is now able to devote his main 
attention to the most important task of flying the aircraft. He will have to 
counteract some control problems such as airspeed loss and an asymmetric 
thrust condition.

In the meantime the flight engineer is shutting down the engine and 
fighting the engine fire: he cuts the fuel off by selecting the fuel lever to the 
OFF position. By pulling down the engine fire handle on the upper front 
panel in the cockpit he closes hydraulic and pneumatic valves. The next 
immediate action is to start the stopwatch because 10 seconds after pulling 
the fire handle down an extinguishing bottle has to be discharged. Twisting 
the fire handle will discharge the first of two fire extinguishing fluid bottles 
towards the burning engine. The discharged bottle will switch on an amber 
light which has to be checked. The answer therefore is “discharged”. If the 
fire warning is still on after another 30 seconds the second bottle has to be 
discharged.

As a consequence all cockpit crew members have to observe the fire 
warning lights and the copilot’s job is carefully to monitor all actions o f the 
flight engineer. A rhomb symbol in a procedure list indicates that there are 
different ways to continue the procedure flow according to the condition 
observed. In our example we might face the condition that after 30 seconds 
the fire warning light is still on. This demands two more immediate actions — to 
discharge the second bottle and to check the related discharge light. The other 
condition would be that the fire warning lights are out within 30 seconds 
after discharging the first bottle. The problem is now under control and the 
captain asks the flight engineer to read the “engine fire procedure list” . There 
is a big difference between a “check list” and a “procedure list”. A check list 
is a sum-up o f switch positions, instrument indications etc. to be verified by 
the check list items. A check list is read and answered before major phases 
of flight, e.g. before starting the engines, before take-off or before landing.
A “procedure list” is a written procedure in a well-defined sequence of actions 
which has to be read and_ performed step by step.

Our procedure lists are used only during abnormal and emergency situations. 
Whenever an aircraft is in motion — this includes taxiing on the airport — 
reading of check or procedure lists is assigned to the flight engineer because the 
pilots have to devote their main attention to the outside environment. This is 
according to the principle of balanced task distribution within the crew 
co-ordination concept. In our case the flight engineer now reads all items of  
the emergency procedure list “engine fire or severe damage” (shown in Fig.3), 
including the answers on the right-hand side. The answer has to be confirmed 
by the crew member responsible for carrying out the specific action. Even the 
already accomplished “immediate action items” have to be read to ensure
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that all steps o f the procedure have been performed correctly. The non-immediate 
action items on the list form the so-called “do-list-part” o f the procedure, i.e. 
these actions will only be done after the corresponding items are read.

As soon as the whole list has been read and all actions carried out the 
flight engineer has to report “engine fire check list completed”.

The main difference between real flight and simulator is now that the 
crew in an aircraft may relax a little bit after having the problem solved and 
prepare for landing while in the simulator it is now time to present the next 
torture to the unfortunate training crew.

7. AUTOMATIC FLIGHT FEATURES

Automation has changed aviation over the years from a hard working, 
sweat-creating activity into a white-collar managing job. The old autopilot 
relieved the captain from manually steering the aircraft during cruise flight.
Today’s autopilots can do part o f the take-off, all of the climb-out, cruise 
flight and the landing with roll-out on the runway including automatic 
braking during weather conditions down to 150 m visibility in thick fog.
This one example shows that automation allows higher efficiency linked with 
a high degree of safety. Due to reduction of workload the pilot is able to 
monitor and control the aircraft down to a lower weather minimum than he 
could on manual controls only.

At the same time automatic safety devices advise him o f undesired flight 
conditions. If during an approach to land the aircraft reduces speed without 
extending the required high-lift devices, the flaps, the power will be advanced 
by the autothrottle after a certain angle o f attack has been sensed thus taking 
care o f the unsafe flight condition.

Modem aircraft are equipped with a sophisticated warning system using 
aural and optical signals to draw the crew’s attention to the arising problem.
This again calls for a selective order o f priorities during certain phases o f the 
flight. During take-off it is not desirable to get a warning about a faulty air- 
conditioning pack. This phase o f  the flight requires the undivided attention of 
the crew to the mere operation o f the aircraft and only severe abnormalities or 
emergencies are brought to the attention o f the crew. All other warnings are 
inhibited until after the landing gear has been retracted. Then all warnings 
which have been triggered during the inhibit phase will show up and can be 
taken care of.

Future aircraft like the Airbus A 310 will have CRTs to present automatically 
to the flight crew not only the type o f abnormal situation but will show in 
writing the action which has to be taken. The warning will disappear only 
when the correct action has been performed.
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But automation may bring also such problems as complacency, lack of 
attention and lack o f system knowledge. We aim to cope with these problems 
by keeping the workload for the crew at an optimum level -  not too high, 
not too low -  and by presenting a human factor awareness course which will 
familiarize our crews with the aspects affecting flight safety.

Sharing experiences is one world-wide system in the airline business 
by which to learn from one another’s mishaps by publishing incident and 
accident reports for use by our flight crews. Another way is our anonymous 
reporting system. Crews are asked to report all “almost” incidents so we can learn 
from them and avoid similar situations. Last but not least the requirement to 
renew the licence every six months in a real-life simulator flight check with all 
the possible consequences drastically shown without endangering any crew 
member is a perfect way to keep our crews at a high level standard o f safety.

In the Flight Operations Manual we said “there cannot be an established 
procedure for all possible failures or combinations thereof” . In these isolated 
cases the flight crew has to use sound judgement based on extensive training, 
experience and its professional knowledge to take the action deemed 
necessary. In addition, the Pilot in Command has the emergency authority to 
end any once-started procedure if  the situation has been positively corrected.

This responsibility is recognized by our captains and asked for since it 
makes their job more meaningful and desirable.

Creative decision taking after careful evaluation o f all relevant parameters 
can and will be achieved only by the well-trained human flight crew.
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Abstract

TECHNICAL AND ORGANIZATIONAL SUPPORT FO R THE OPERATOR.
The requirem ent fo r staff and facilities on- and off-site to  provide technical support to  the 

plant personnel in norm al and under accident conditions has been highlighted over th e  past 
18 m onths as part o f the  post-TM I investigations. In the  Central Electricity Generating Board 
(CEGB) considerable a tten tio n  has always been paid to  these requirem ents bu t naturally  the  
experience o f TMI has led to  a review o f the  existing arrangem ents to  determ ine w hether any 
im provem ents and m odifications were advisable. Similarly, the  CEGB has always paid particular 
atten tion  to  th e  developm ent o f an appropriate  emergency p lant covering b o th  the  on-site 
damage contro l activities and off-site evacuation procedures consistent w ith th e  dem ography of 
the  particular site being considered. An im portan t aspect o f gaining confidence in th e  potential 
success o f th e  emergency plan is th e  regular practice and exercising of individual parts o f  th e  plan 
and its to tality , and full a tten tion  is given also to  these aspects. The paper reviews in some detail 
the  ways in which th e  CEGB has m et th e  requirem ents fo r the  different aspects enum erated 
above, and will trace th e  approaches which have developed in th e  training and practices in respect 
o f accident procedures.

1. INTRODUCTION

T he role of the operator, the organisational arrangements and the 

extent of technical support needed by the operator for the safe operation of 

reactors, and for the satisfactory control of a post-accident situation have 

been highlighted following the TMI accident. The purpose of this paper is to 

review some aspects related to this general topic, and to indicate the 

approach w hich h as been adopted in the CEGB. It must be appreciated that this 

is a very wide topic, and not all the relevant areas can be addressed in 

sufficient depth in this paper; additionally whilst m uch of the approach had 

been in existence prior to TMI, our c o n s i d e r a t i o n  following TMI in p a rticular 

aspects are not fully complete and some of the views presented are provisional.

One important factor w h i c h  has influenced the approach to this topic 

in the C E G B  is the fact that the C E G B  is a large Utility and has been operating 

nuclear stations since 1962. A deliberate decision to develop extensive 

technical expertise w i t h i n  the organisation w as taken very early in the 

programme, w ith the result that, not only do the operational stations 

individually have their own technical expertise in support of the operating 

personnel, but that additionally very strong design, research, operation and 

safety departments are present in the C E G B  Regions and Headquarters, with
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extensive computer facilities. These considerations will be developed s u b 

sequently in the paper,which will cover the following aspects:-

(i) The principles and practice adopted in the design of reactor systems 

with particular emphasis on the extent and methods of data presentation 

to the operator. T his is extremely important to ensure that the 

o p erator is fully aware that the plant is operating w i t h i n  specified 

conditions, and that all safety-related plant and equipment is in an 

appropriate operational condition. Requirements and arrangements for

post accident monitoring of the plant will also be covered. Organisational 

arrangements and technical support on-and off-site for ensuring that all 

appropriate safety-related aspects are covered.

(ii) T h e  arrangements adopted with regard to emergency preparedness, and 

the principles of the Emergency Plan.

(iii) A brief review of our experience w i t h  respect to item (ii), and the 

m ain items w here changes have been introduced as a result of this 

experience, and that of other Utilities.

2. D E S I G N  ASPECTS

2.1 Introduction

Initially consideration will be given to those aspects of the design 

of the plant related principally to the requirement that the operators are 

s ufficiently a ware of the state of the plant in respect of its operating 

conditions and the preparedness of the safety-related equipment. Requirements 

necessary for the implementation of an  appropriate emergency procedure 

following the development of  an accident situation are discussed subsequently.

2.2 R eactor Control Strategy

T he C E G B ' s  design philosophy is one of centralised control from 

a central control room serving, typically, two reactor units. Each reactor 

has a unit operating control d esk manned by a single operator, backed-up 

by a supervisor's d esk serving both units. T h e  control room supervisor 

oversees the unit operators and provides support as required.

The central control room forms the focal point for reactor control, 

p arameter display and data for monitoring the safe operation of b o t h  units, 

during start-up,normal operation, shut-down, and throughout abnormal 

conditions. Also included are electrical plant and station services.

A u tomatic control systems are incorporated into the designs to 

ease the unit operators' routine functions. Sufficient manual control actions 

and supervisio n remain to engage their attention and interest.

F ully automatic protective equipment is provided to cater for 

postulated fault conditions and the operators are not required to carry 

out any control functions either in shutting down the reactor or in the 

initial p o st-t rip cooling sequences. However, continuous monitoring will 

be carried out during tihis period, and some limited intervention w i t h i n  strict 

safeguards is possible if required to assist the correct functioning of 

equipment. A f t e r  the initial period, the operator will be  required to 

exercise some control actions.
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As far as is possible, all unit controls and indications relating 

to reactor o p eration in all modes are located On the unit operators' desk* 

Some less important controls and displays are, however, m ounted on vertical 

panels at the rear of the desks b ecause of space limitations a nd to simplify 

the desk facilities.

Account is t aken of ergonomic principles and p r actices in the 

design. This includes appropriate differentiation between control equipment 

and recognition of the importance of indication and alarm priorities.

2.3 Safety R e quirements of Operator Information Provisions

2.3.1 Introduction

For reactor safety,the provision of suitable information to the 

operators is necessary to achieve the f o llowing:-

(i) ensuring that the relevant reactor parameters are w i t h i n  prescribed 

limits set by the station Operating Rules;

(ii) ensuring the reactor protective systems are available and correctly 

set-up at all times;

(iii) diagnosing the onset of abnormal conditions;

(iv) ensuring the reactor is brought to and maintained in a safe state,

either by automatic action and/or operator action;

(v) diagnosing the reactor state post-trip and acting to limit the 
consequences.

In the later C E G B  stations, the information provisions satisfy 

the above objectives and c o m p r i s e :-

(i) direct-wired safety alarm and indication systems;

(ii) a computer-based comprehensive alarm and data display, including

alarm analysi s and recording facilities.

(iii) direct-wired control and indication mimic diagrams.

The first use of this a pproach w a s  at Oldbury Nuclear P ower Station

c ommissioned in 1968. T he aim w a s  to develop the computer-

based system as the m ain system to enable all the o p erator roles, specified in

(i) to (v), t o  be met. T h e  direct-wired alarm system was to be regarded 

principally as a back-up, or standby system for use should the computer-based 

system be unavailable.

Subsequently, the design of the computer-based systems evolved 

to encompass the above objectives. These included full alarm presentation, 

a larm analysis (including disturbance analysis), data formats and mimic 
diagrams.

The computer systems along with the data and alarm print-out and 

recording facilities, are housed in a room adjacent to the central control 
room.
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T he direct-wired system was reduced in scope to cover only those 

alarms and data presentations that w ere selected as necessary to continue 

operating the station at steady power for some limited period w h e n  the 

computer system was lost, or to safeguard the post-trip reactor under the 

same conditions.

T he approach given in (i)-(iii) above is briefly reviewed in the 

following sections*

2.3.2 P i r ect-Vired S afety Related Alarm and Indication System

Safety-related indications, comprising selected parameters, 

are displayed on the unit operators' control desk and on the vertical 

panels. T hese include both analogue and digital presentations.

This alarm system consists of a set of standard multi-way 
annunciator panels. Reactor/turbo-generator alarms are distributed between the 

unit control desk and the vertical panels behind the desks; general service 

alarms, such as fire detection, are on the s u pervisor's desk. T h e  principal 

fascia of the direct^wired system is situated centrally on t he unit control 

desk and can display about 1 5 0  alarms initiated from the safety circuit 

guardlines and trip units.

The vertical panel displays are arranged to accept reactor- 

associated alarms such as control rod position, coolant flow conditions and 

boiler conditions. All displays will accept persistent and fleeting 

alarm conditions, and standard 'accept', 'reset' and 'lamp test' push 

button facilities are provided.

It should be noted that all the direct-wired system indications 

are repeated to the computer alarm display system, taking due account of 

segregation. A l a r m  fascias are provided on the local instrumentation 

panels adjacent to individual plant such as gas circulators. Certain 

selected local alarms are provided w ith group or single repeat alarm 

facilities w hich are annunciated in the central control room on the 
vertical panel fascias.

2.3.3 Computer - B a s e d  Systems

As indicated in Section 2.3.1* computer-based systems were first 

adopted at O ldbury P o w e r  Station; significantly m ore reliance, h o wever was 

placed on computer systems at Hinkley Point В for alarm display, alarm 

analysis, data presentation and some control functions. Conventional 

i nstrumentation was limited t o  that sufficient to maintain each unit under 

steady load conditions for a short period of time in the event of total 

loss of computer facilities, and then to a llow monitoring of the unit s h u t 

down. T he high degree of reliance u pon the computer demands a high 

reliability from this system. T his is assured by allocating a separate 

computer to each reactor/turbine-generator unit with a third acting as 

standby should either of the active computers fail. T he s y stem acquires, 

stores and processes data gathered from scanning 2400 analogue plant 

parameters and 3500 plant digital signals. D ata is presented to each unit 

operator on four visual display units (VDU's) making appropriate use of 

tabular, g r a p h i c a l ,and mimic formats. T w o  further V DU's are reserved for 

alarm displays; one lists all alarms in chronological order whilst the other 

lists only those w h i c h  comprehensive alarm analysis indicates to be prime 

causes of disturbances.
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A dditional facilities w ere provided for monitoring sequence controls 

and automatic fault recovery actions by comparison w i t h  the anticipated 

behaviour.

The importance of  ensuring the accuracy of information fed to the 

operator has been re cognised and automatic v a lidation is an integral part 

of t he system.

The time taken to develop alarm trees and analysis systems has 

proved considerable, with some 7 0  man-years being expended on preparing the 

control, display and alarm analysis software for Hinkley Point В •

2.3*4 Mimic Diagrams

In AGR's, the p o st-trip sequences are complex, and to assist the 

o perator in monitori ng these, a hard wired mimic diagram is provided on the 

unit control desk. T h e  correct operation of the sequences is indicated by 

lamp annunciators and the operator is alerted to plant or system failures so 

that he can intervene and take appropriate action.

Mimic diagram boards are also provided on central control room 

vertical panels for the essential electrical supplies system and the main 

electrical systems. T h e s e  boards serve both as operational facilities and 

plant state indicators t h rough the use of illuminated discrepancy switches.

2.4 Operational Expe rience

Ex perience at operational stations has revealed several areas of 

control room design and information presentation w here some improvements are 

being considered. The use of computers to display information

necessitates efficient data reduction techniques if the system and/or the 

operator are not to suffer an overload of information. However, the use of 

alarm analysis has not proved such an effective tool as was anticipated in 

this respect. T h i s  is a consequence of several factors amongst w h i c h  are the 

difficulty in forecasting the actual fault sequences and potential alarm 

combinations and the difficulty of achieving a correct balance in the number 

of alarms presented for different areas of the plant. The effectiveness of 

alarm analysis as a means of averting reactor trips has also been limited by 

the use of automatic  fault protection, and because of the nature of AGR faults 

w h i c h  tend e ither to propagate rapidly leaving the operator insufficient time 

in w h i c h  to act, or to propagate sufficiently slowly to allow the operator 

to take corrective action without the need for sophisticated alarm analysis 

systems.

In relegating the duty of direct-wired instrumentation to a b a c k 

up role, the advantage of fast pattern recognition offered by dispersed 

annunciators h as been lost and the serial presentation of alarms via the 

V D U s  can obscure important information.

2.5 Future D e s i g n  F e atures

F uture control room designs will reflect the experience gained from 

operational stations. Current proposals are to provide a more logically 

structured system for displays and controls w ith emphasis on fimctional plant 

groupings. Reappraisal of alarm presentation has resulted in a system of 

m odular lamp alarm annunciators, dispersed around the unit control desk 

w i t h i n  the functional groups. The operator will derive qualitative data from 

these annunciators, w h i c h  will direct him to interrogate his computer system
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for q u a n t i t a t i v e  data. To enable the operator to assess rapidly the overall 

situation, he will also be provided w i t h  an overview, possibly in the form 

o f a mimic diagram, w hich will identify those areas of the plant where 

problems are developing and enable h im to follow the propagation of  faults.

It is expected that this integrated system will lead to a quicker 

appreciation of the plant state and performance.

A lthough alarm analysis will be retained, the intention is to keep 

alarm trees short and simple and to use an appropriate software language 

so that m o d ifications m ay be made as required.

F o r  the AGR's currently being designed, it is intended that the 

m a i n  computer will be u sed for alarm and data presentation and that the 

automatic control functions will be carried out by distributed dedicated 

computers. T his approach is being adopted principally in order to separate 

control functions from alarm and data presentation w ith associated simplification 

of programming procedures.

A fu rther significant development is the provision of an Emergency 

Indication C e n t r e  (EIC) situated away from the central control room (CCR) and, 

as far as possible, immune from potential hazards that may render the CCR 
uninhabitable.

In the EIC, safety and operational alarms and limited data displays 

are to be p rovided to enable the staff to m onitor the shut-down state of the 

reactor and the functioning of the post-trip cooling systems, and direct 

plant control actions as required. Conside r a t i o n  is being given to the 

possible requirement of providing a reactor trip push-button.

W h e r e  the significance of any p a rticular alarm is deemed 

sufficiently high, then independent detection devices will be provided.

Otherwise t h e  selected alarms presented in the EIC w i l l  be repeat alarms 

of those appearing in the CCR.

The type of alarm and data display have yet to be decided, but

it is probable that it will follow the direct-wired alarm annunciator 

system arrangement provided in the CCR.

It is not intended that the EIC be staffed during normal operation; 

only in the remote event w hen the C CR is rendered inoperable are the 

procedures invoked to staff the EIC. T hese procedures and the staffing

levels required are still to be finalised.

T h e  integrated approach being developed as described above is 

comparable w i t h  the latest U.S. views on data presentation requirements 

w i t h  respect to safety requirements.

3. ADMINIS T R A T I O N  A ND ORGANISA T I O N A L  ASPECTS

3.1 Introduction

In addition to the design features discussed in section 2 above, 

further aspects encompassing administration and organisation need to be 

implemented in order to have sufficient confidence that the plant will be 

operated safely and that appropriate action will be taken under accident 

situations,should these occur.
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Factors included in these considerations are a clear definition 

of the operator's role and responsibilities, careful choice of operator 

w i t h  respect to technical k nowledge background and personality, appropriate and 

clearly w r i t t e n  operating procedures w hich define in sufficient detail the 

procedures to be adopted in normal operation of the plant and u nder fault 

conditions as far as can be predicted (but at the same time not denying 

the requirement for a "th i n k i n g” operator), providing adequate initial 

training and refresher training to maintain the operator's performance and 

k n owledge at an a c ceptable level.

In addition, formal arrangements for amendment and re-appraisal 

of the plant safety provide an important function giving confidence in 

continuing safe opera tion but in no w ay removing the prime responsibilities 

for safety from the operator.

It is also a requirement that adequate records are kept of all 

necessary aspects, and that they are consistent w i t h  the requirements of 

the Nuclear Site Licence and other relevant legislation.

Some of the more important areas are reviewed below.

3*2 S t a t i o n  Manning - Principles

W i t h i n  the Regional organisations, line m a nagement goes via a 

D irector of G e n e r a t i o n  t hrough G r o u p  Managers (each responsible for typically 

5-10 generating stations) and ultimately to the Station Manager, w ho has the 

direct management responsibility for the operation of his station, a n d  for 

ensuring n u clear safety.

A  simplified station o r ganisation is shown in Fig.l. This

shows three distinct functional d i v i s i o n s :-

(i) Re a c t o r  and plant o peration u n d e r  the direct control of the 

O p erations Superintendent. T h e  p u rpose of this group is to 

operate the reactors and turbine plant, consistent w ith 

defined operating limits.

(ii) A m a intenance group u n d e r  the Maintenance Superintendent* 

r e s ponsible for all aspects of plant maintenance.

(iii) A support group w h o s e  function is to provide the S t ation Manager 

w i t h  advice o n the technical aspects of plant oper a t i o n  and safety.

This group includes reactor physics, chemistry and h e a l t h  physics.

Cl e a r l y  all the above groups have different and important roles 

to play in ensuring plant safety, and amplification of aspects relevant to 

the procedures for ensuring safe operation is given below.

In additio n to the in-line management organisation, the Station 

Manager is able to consult w i t h  the Regional organisation, and w i t h  the 

C E G B ' s  L a boratories and Headquarters' staff for specialist advice on  any 

aspects of plant o p eration and safety. He m ay w i s h  to obtain such advice 

in respect of an immediate o p erational problem or alternatively if he wishes 

to m odify his operating procedures or  plant; however, in the latter case there 

is a formal procedure w hich has to be adopted before such changes can be 

implemented.
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FIG .l. Nuclear power station organisation (sim plified).

3.3 Re a c t o r  Operation

Th e  reactors are operated by engineers w ho are of graduate or 

equivalent level under the overall supervision of the Control R oom Supervisor. 

Operation of the plant must be w ithin the limits specified by the Operating 

Rules, and in accordance w i t h  Station Operating Instructions. T h e  Operating 

Rules are issued by the C E G B  Executive to the S tation Manager, and define the 

m ajor parameters and requirements for safe reactor operation. T h e y  are 

s ubmitted u n d e r  the requirements of the Site Licence to the H e alth and Safety 

Executive and are formally approved. No changes may be made to these 

O perating R ules unless the proposed changes have been endorsed by the Safety 

C ommittee and approved by the Licensing Authority.

T h e  Station Operating Instructions cover the m ajor aspects of 

plant operation i n c l u d i n g ,for example*procedures for start-up, operation,at power 

shutdown, normal operation following a reactor trip, operation u nder fault 

conditions and many others. Certain of these Instructions w h i c h  involve the 

m ajor items are lodged w i t h  Headquarters' D e partments and w i t h  the Licensing 

Authority, and any changes to t h e m  h ave to be n otified to the C E G B  Headquarters 

and to the Licensing Authority w ithin 14 days of the change being implemented. 

T he extent of such changes is limited by the requirement to be consistent w ith 

the Operating Rules for that Station.

3.4 O perator Training

T h e  C E G B  has always placed great emphasis on operator training, 

and our p r ocedures are regularly reviewed.
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Briefly, starting w i t h  graduate or equivalent level engineers, the 

training is a combination of on-the-job experience plus formal training 

(including the u se of simulators) at our Oldbury T r aining Centre. No formal 

qualification or licensing of operators is prac t i s e d ,  but senior station 

management are responsible for determining the acceptability of candidates 

for posts in the operational chain. Progression through the various levels 

of operational control is by experience, job rotation, formal training 

including refresher courses and re-assessment by senior management of the 

candidates' suitabili ty for such progression.

3.5 Plant Maintenance

E a c h  reactor has a major inspection every two y ears and the inspection 

requiremeats are approved by the Licensing Authority. Following the inspection 

it is n e cessary for a C e rtificate to be signed by  the S t ation M a n a g e r  indicating 

that the plant is satisfactory for further operation and it is also a 

requirement that a full report be produced of the results of the inspection 

w i thin 28 days following the completion. T he Inspection Report will also 

include any areas in w h i c h  the planned maintenance for the previous year*s 

operation h as not been carried out, and reasons why this occurred and why 

it does not affect continuing plant safety.

It should also be noted that approval from the Licensing Authority 

is required to permit plant o p eration to recommence following its routine 

inspection and overhaul.

3.6 Plant D e s i g n

Before operation of the plant at power a n umber of safety-related 

drawings defining specific aspects of the plant are submitted to the Licensing 

A u thority for its formal approval. The Site Licence requires that no changes 

can be made to the plant defined on the Approved D r awings u nless the Safety 

Com m i t t e e  h as approved the changes a nd the S e cretary of S t a t e  has a greed that 

they may be carried out.

3.7 S afety Committee

R e ference has b een made above to the function of the Safety 

Committee. T his Com m i t t e e  is required to be set up u nder the S i t e  Licence 

Cond i t i o n s  and as defined in the S ite Licence its T e r m s  of  Reference are:

'The licensee shall form a Committee, w h i c h  shall be  known as 

"The S afety Committee", for the p urpose of performing any function a s signed 

to it by or u nder these conditions and in particular for the p u rpose of 

c onsidering any proposed alteration, addition or m o d ification to the plant 

referred to it, any proposed a l teration to any operating rule referred to in 

condition 46 and any experiment proposed to be carried out in connection with 

the plant with a view to assessing and advising the licensee upon the safety 

of such alteration, addition, m o dification or experiment (as the case may b e ) . 1

The Com m i t t e e  consists principally of senior management from 

with CEGB, w i t h  additional members from B NFL and UKAEA.

3.8 H e alth P hysics Control

A v ery important aspect of the safety organisation is concerned 

w ith h ealth physics control on the o p erating stations. F ig. 1 shows that 

h e a l t h  p hysics control is under a Station H e a l t h  Physicist who generally
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reports directly to senior station management. He is supported by 

A ssistant H ealt h Physicists and Health Physics Monitors who carry out 

routine surveys as necessary. T he basis for h ealth physics control and 

procedures is contained in the 'Radiological Safety Rules', produced by 

the CEGB, w h i c h  classify radiation and contamination areas into various 

gradings and fully specify the requirements for control and monitoring 

during entry into such areas. Full records of radiation doses received by 

station staff and radioactive discharges have to be kept.

A safety aspect of health physics control is the requirement for 

medical examinations at the statutory times. T hese are the responsibility 

of the Regional Medical Organisation, in close liaison w i t h  the Medical 

Branch of the Headquarters H ealth and Safety Department.

3.9 Site Inspection

Inspectors from the C E G B  H ealth &  Safety Department are pemanently 

allocated to each of the nuclear stations and carry out the dual functions of

i) Advising the D i rector of H ealth 8c Safety of the C E G B  regarding the 

correct, safe o p eration of the reactors, and

ii) Advising t he Station M anager w i t h  respect to the interpretation and 

application of the Site Licence Conditions and other formal regulations as 

appropriate.

4. EMERG ENCY PROCEDURES

4.1 Introduction

A l tho ugh full attention has been given as indicated above to the

design of the r eactor instrumentation and protection systems, and

thorough operational and maintenance procedures adopted, backed up by 

extensive o p erator training, there remains a very low probability that an 

accident could occur. A possible consequence could be the release of 

fission products into the environment, and consequential potential effects 

on operational staff, and members of the public near the site. F o r  this 

reason, an Emer g e n c y  P lan has b een p r e p a r e d , the purpose of w h i c h  is to 
ensure that appropriate measures are taken during the development of an 

incident and subsequently after a release of fission products has occurred. 

T he broad o b jectives of the plan can be summarised as*.-

(i) To reduce as far as possible the release of fission products and 

to bring the incident u nder control in the m i n i m u m  possible time.

(ii) To provide alleviation of the effects of any release on people

in the environs of the s t a t i o n ^ f  necessary by the temporary

evacuation of those people w i thin about one or two miles 

downwind of the station depending on the type of station and the 

local conditions. P o tassium iodate pills may be distributed (for 

thyroid blockage effects) should the release require their usage.

(iii) If n e cessary to arrange for the banning of foodstuffs in the area.

4.2 E m ergency Plan

It is not appropriate in this p aper to give details of  the Emergency 

Plans and the detailed procedures, except to indicate those aspects w hich
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lead to the requirements for o p erator support. Such details have been given 

e lsewhere (ref. l), and it is w o r t h  noting that a thorough review of our 

Emergency P I a n s  and procedures w as carried out following TMI. Whilst the 

existing plans w ere generally unchanged as a result of the review, some 

m odifi c a t i o n s  have been introduced.

It is relevant to review the functions of the site Emergency 

Organi s a t i o n  and to see h o w  these functions lead to the on-site support 

requirements for the operator; some reference will of necessity be included 

w ith regard to off-site involvement of other parts of the C E G B  or other 

o r ganisations generally.

T he functions of the Site Emergency O r ganisation are:-

(i) To assess the extent of any potentially hazardous situation

on the site.

(ii) To issue appropriate warnings at the correct time.

(iii) To mobilise personnel and equipment to deal w i t h  a hazardous

situation.

(iv) To  take m e asures to control the extent of hazardous situation 

on  the site.

(v) To  carry out measurements of radiation and radioactive

conta mination both on the station site and in the area s u r r 

ounding the station.

(vi) T o  provide advice and information for the control and movement

of  persons present in the v i cinity of the station.

(vii) T o  assess the extent of  any possible h azard to the public and

to issue t he appropriate warnings at the correct time.

(viii) To  provide information for the control of m i l k  supplies and

other foodstuffs.

(ix) To establish contact, w here necessary, w ith the following

bodies:-

a) C E G B  - H e adquarters (Regional and National).

b) G o vernment Departments,in particular the Licensing 
Authority.

c) C o u n t y  and Local Authorities.

d) C o u n t y  Services e.g. Police, Fire, Ambulance.

e) R i v e r  Boards and W a t e r  Undertakings.

f) National F armers Union,

g) Meteorological Office.

h) United K ingdom Atomic Energy Authority.



(x) To provide information for the Public Relations Officer 

to pass on to the news m edia and to the public.

(xi) T o  provide information to all relevant bodies on the 

resumption of normal conditions.

(xii) To  provide a record of events for later study.

In the event of conditions arising on  the plant w h i c h  suggest t hat an 

incident or emergency situation has arisen, nominated senior staff 

at the s t ation w ould declare a Site Incident Standby or Alert and 

subsequently possibly an E m ergency S t andby or Alert as required. (See 

A p pendix 1). Control of the emergency organisation on and o ff site will 

then be taken by the most senior of the nominated staff w ho will act as 

Emergency Controller.
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4.3 M ain A spects of the E mergency Procedures

The emergency plan indicates what action needs to be taken. Some

important features are:-

(i) E x isting plans typically make provisions for the establishment of a 

P o w e r  S t ation Emergency Control C e n t r e  w h i c h  could be initially the 

S tation central control room or subsequently a specially prepared 

room in the station administration buildings. In addition, a local 

Information C entre (located n ear to the power station) a Regional 

Nuclear  E m ergency Information R o o m  and a Headquarters N u clear Emergency

C e n t r e  will be set up. There would also be other centres of activity set 

up, covering, for example,detailed health physics co-ODdination and other 
aspects of technical support.

(ii) Emer g e n c y  actions by the station staff are planned to effect damage 

control procedures at the scene of the incident, and to m onitor 

radiological conditions on- and off-site. Pre-planned monitoring 

positio ns will be visited by specially equipped health physics vehicles 

for assessment of any off-site contamination and radiation levels.

(iii) Appro p r i a t e  equipment is provided at the E m ergency Control Centre 

including maps, charts, radio-communication equipment, G P O  and PAX 

telephones, w ind speed and direction, plotting equipment, emergency 

data, monitoring instruments etc.

(iv) Full p r o v i s i o n  is made for on-site and off-site communication, 

including UHF radios for on-site communication and VHF for off-site 

communication.

(v) C o m m u n i c a t i o n  w i t h  senior management w i t h i n  the C E G B  and with 

o utside o r g anisations will be generally maintained either by the 

E me r g e n c y  Cont r o l l e r  or via the Regional and Headquarters 

Nu c l e a r  E m ergency Information Rooms.

(vi) Technical support from w i t h i n  the C E G B  Regional and Headquarters 

staffs exists can be called upon, as can further specialist 

facilities from w i t h i n  UKAEA, M inistry of Agriculture Fisheries 

and F ood and m any o ther sources.
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(vii) A  full practice of the E m ergency Plan, w i t h  a detailed simulation

of an initiating event leading to a release of radioactivity to the 

. environment is carried out annually at each station. The practice 

is observed by senior personnel from w i t h i n  the C E G B  including 

the H e a l t h  and Safety Department, and by inspectors from the 

L icensing Authority. M a n y  valuable lessons h ave been learned, these 

being reviewed in ref, 2,and modifications m ade to the E mergency Plan 

as appropriate. In addition, the individual stations frequently 

carry out training and practices for specific areas of the plan. 

Again, these have proved invaluable and h ave led in some instances 

to modifi c a t i o n  of the procedures.

4.4 TMI Implications

F o llowing TMI, a full review of E mergency Plans was carried out, 

and whilst the Plans w e r e  in general shown to be adequate, the following 

areas are u nder r e v i e w : -

(i) Managerial control in the event of the incident lasting longer than a 

few hours. It may be desirable that the aspects related to off-site 

effects in such an event be t aken away from the direct responsibility 

of the E m erge ncy Controller, who could be fully concerned w i t h  on-site 

actions.

(ii) Co m m u n i c a t i o n  w ith external organisations and the press and the 

public. TMI indicated the very high demand for communication w i t h  

external organisations, and improvements in communication facilities, 

and in the organisation and procedures for achieving such communication 

are u nder review.

(iii) A c learer definition of responsibilities w i t h i n  the areas outlined in 

(i) and (ii) above.

(iv) Ch a n g e s  in the radiological monitoring procedures to extend the 

distance to w hich the measures are taken, and to enable integrated 

dose and dose rate m e asurements to be taken.

5. C O N CLUSIONS

T he extent and type of technical and organisational support for 

the reactor o perator in normal o p eration and u n d e r  fault situations has 

been reviewed. T h e  C E G B  has adopted the approach of sound ergonomic 

design of plant emphasising the need for clear and unambiguous information 

for the o p e r a t o r ,together w ith strong technical and organisational support 

from w i thin the CEGB. A d ditionally full and rapid involvement of these 

resources is planned to occur u nder an emergency situation.

It is the view that support to the extent indicated plays a very 

vital role in obtaining confidence in the safe o p eration of reactor systems, 

and ensuring appropriate response to emergency situations.
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Appendix I
DEFINITIONS OF INCIDENT AND EMERGENCY SITUATIONS

1. Site Incident

This is a hazardous condition w h i c h  is confined in its effect within 

the site security fence.

1.1 S ite Incident Standby

T h i s  is a stage w h e n  a warning is given on the station that a 

potential S ite Incident exists or is believed to be imminent.

1.2 Site Incident Alert

T his is the stage w h e n  a warning is given that a Site Incident exists.

2. E m ergency

This is a hazardous condition, the effect of w h i c h  is to cause or is 

likely to cause a radiological hazard to the public in the vicinity of the 

station.

2.1 Emer g e n c y  S t andby

T h i s  is the stage w h e n  a warning is given that a potential stage of 

e mergency exists or is believed to be  imminent.

2.2 Eme r g e n c y  Alert

T his is the stage w h e n  a w arning is given that an Emergency exists.



IAEA-CN-39/4.4

OFF-SITE ASSESSMENT OF NUCLEAR 
POWER PLANT INFORMATION

W.K. POHL
Bavarian State Office for 

Environmental Protection,
Munich,
Federal Republic o f  Germany 

Abstract

O FF-SITE ASSESSMENT OF NUCLEAR POWER PLANT INFORMATION.
The increasing dem and fo r electric pow er can be m et by nuclear energy. Parallel to  the 

rising num ber o f nuclear pow er plants, however, the p o ten tia l risks to  the environm ent also 
increase. In order to  provide the com peten t supervision au thority  in  due tim e w ith the 
necessary inform ation  about the  safety status o f the plants, particularly  about discharges of 
radioactive substances to  the environm ent, one needs an au tom atic  system for nuclear reactors, 
m onitoring all param eters which are essential for off-site assessment. F o r  this purpose the 
Bavarian State Governm ent in the  Federal Republic o f G erm any decided in 1978 to install 
an au tom atic rem ote m onitoring system  fo r nuclear pow er reactors (K FU ) w hich is independent 
of the  operators o f the plants. The system was installed a t the nuclear pow er p lan ts KKI at 
Ohu and VAK at Kahl. A t tw o fu rth e r stations to  be comm issioned in  the near fu tu re  the 
installations are in progress. The technical concept consists o f the following basic devices: 
different sensors m on ito r in ternal operational param eters o f the  p lant and the  airborne and 
liquid releases o f radioactive substances as well as the actual m eteorological conditions. The 
m easured signals are com piled in a sub-central system a t the p lant w hich contains a process 
m inicom puter as its m ost im portan t com ponent. This com puter assembles and stores the 
measured data, checks them  fo r possible exceeding o f pre-set lim its and perform s the procedures 
fo r data  transmission to  the netw ork  centre o f the  KFU in the Bavarian S tate Office fo r Environ
m ental P ro tection  (LfU) in Munich. The data  are transferred over hundreds o f k ilom etres to 
the  netw ork  centre via independent lines as y e t still belonging to  the  public  telephone netw ork . 
The rem ote  m onitoring system  fo r nuclear reactors is able to  deliver continuous inform ation 
about the  safety perform ance o f the reactors in Bavaria to  the supervisory au tho rity  for off-site 
assessment, bo th  in norm al operation  as well as in the case o f an accident.

1. INTRODUCTION

Since 1956 a peaceful use o f  nuclear power has been for the production of 
electric current in the world. In the United Kingdom o f Great Britain H.M. Queen 
Elizabeth II in that year declared open the first nuclear power plant, Calder Hall. 
Over nearly a quarter o f a century since then numerous nuclear power reactors 
have been built all over the world to provide a sizeable proportion of the world’s 
electric power; in some countries they produce as much as 30—50% of total 
electricity requirements. In future, the continuously increasing demand for electric

185
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power will have to be met by more and more nuclear power plants instead of oil-, 
coal- and gas-heated plants.

The first nuclear reactors were well accepted by the public, although it was 
known to everybody that small quantities o f radioactive substances have to be 
discharged to the atmosphere as airborne radioactive effluents, and to the various 
water bodies (ocean, rivers, lakes) or to the soil as liquid radioactive effluents or 
waste. On different pathways these harmful substances can lead to a radiation 
exposure of man, thus building up a growing risk for the population, especially 
in the environment of a nuclear power plant. Parallel to the commissioning of 
new nuclear power plants, however, the potential risks to the environment are 
increasing with the number o f nuclear stations.

Public acceptance of the peaceful uses o f nuclear energy at the beginning 
of this new era was mainly based on confidence in the efficiency and reliability 
of the designers, builders and operators of nuclear plants as well as in the state 
authorities responsible for the licensing and supervision o f these plants. Also, 
many commissions and subcommissions were set up to assist the authorities or 
to provide for the participation o f various public organizations and institutions 
concerned with the consequences of operating a nuclear power plant both under 
normal conditions and in accident or even emergency situations.

Nowadays there are almost as many, if not more, persons concerned with 
official assessment, licensing, supervision, inspection and monitoring of nuclear 
power plants as there are operating them. Nevertheless, in many countries one 
can now observe a growing loss o f public confidence in the efficiency and 
reliability of the responsible authorities as well as safety committees. Of course, 
the plant operators as well as the authorities are conscious that the future 
development of nuclear-generated electric power will depend upon the safety 
performance of the nuclear plants and upon there being negligible radiological 
consequences to the population living in their neighbourhood.

That meams first that technical devices in nuclear installations and auxiliary 
equipment have to be designed so that they can meet all the demands of better 
and higher standards of safety and security to achieve reasonable protection 
against any radiation exposure o f the environment of a plant during normal 
operation or in the case of an accident. Secondly it is assumed by the public 
that the plants, their operational parameters and all protective measures limiting 
radioactive releases in airborne or liquid form are being carefully supervised by 
the operator as well as by the competent authorities.

What is the reason for this change in the public attitude in many countries, 
this loss o f confidence in the reliability of the authorities that has become 
apparent in recent years? I think in one sense it is a mistaken belief that the 
safety authorities are not truly independent.

Suspicion is already aroused when there is close co-operation between the 
authorities and the operators. Usually it is only the operator’s company which
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carries out all the continuous measurements in a reactor, on the site and in the 
vicinity, with its own instruments. The authorities which have to bear full 
responsibility to the public, particularly to parliament, normally restrict their 
duties to spot-checks or to more or less regular routine inspections. Public 
suspicion is particularly aroused when the results o f radiation monitoring measure
ments made by the operator on the site are apparently accepted without question 
by the authorities. More and more there are now increasing public demands for 
independent assessment and strict control over the safety performance o f the 
plants and over any releases of radioactivity from them. It is apparent and not 
surprising that these demands are regularly reaffirmed whenever a minor or 
major accident occurs in a nuclear plant anywhere in the world. In this regard 
not even a trivial malfunction with the loss of negligible amounts of radioactive 
contaminated water or gas is disregarded by the public, especially by the press.

Therefore, the Bavarian State Government, considering the increasing number 
of nuclear power stations under its jurisdiction and the need to provide an 
independent evaluation o f discharges o f  radioactivity in both normal and accident 
conditions, began in 1978 to install a fully automatic remote monitoring system 
for nuclear reactors (Kernreaktor-Ferniiberwachungssystem =  KFU).
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The legal basis of this probject was a decree issued by the Bavarian State 
Ministry for Land Planning and Environmental Affairs which is the statutory 
authority responsible for licensing of nuclear power plants in Bavaria, under §7 
of the Federal Atomic Energy Act.

The nuclear power plants in Bavaria which are operated by private companies 
are linked on-line by the public telephone network with the KFÜ network centre 
installed in the Bavarian State Office for Environmental Protection (LfU) in 
Munich (F ig .l) [1—3].

This State Office is the competent authority for the management o f all 
environmental protection problems with regard to 

air pollution 
noise and vibration 
waste management 
hydrology planning 
preservation o f nature 
landscape cultivation 
radiation protection 
supervision o f nuclear reactors.
Above all, it is responsible for investigations, measurements and monitoring 

of the environment. For one of these purposes, namely the monitoring o f wide
spread air pollution in the state, another automatic system was installed in the 
State Office in 1974. It is the automatic remote air quality monitoring system of 
Bavaria (Lufthygienisches Landesüberwachungssystem Bayern =  LÜB). This 
system now consists of over 60 monitoring stations distributed all over the country, 
measuring the following parameters in the air:

Sulphur dioxide, hydrogen sulphide, carbon monoxide, nitrogen oxide and 
nitrogen dioxide, hydrocarbons with and without methane, ozone, dust 
concentration as well as precipitation, and at three stations in urban areas near 
nuclear power plants the gamma dose rate and short-lived as well as long-lived 
aerosol activity.
In addition, the following meteorological parameters are monitored: 
wind direction, wind velocity, air temperature, humidity, atmospheric 
pressure and global radiation.
All stations of this system transfer their data to the netwoik centre via the 

public telephone system in the same way as the KFÜ.

2. THE SUPERVISION OF NUCLEAR POWER REACTORS

The State Office is — as mentioned above -  the competent authority 
responsible for the supervision o f nuclear power plants. It has to fulfill the tasks 
shown in Fig.2.
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FIG.2. Supervision o f  nuclear pow er plants.

Most of these tasks are performed by the personnel of the office during 
routine inspections and by means o f measurements. However, all these inspections 
have a more or less spot-check character, whereas the continuous control o f the 
plant and of the effects to the environment o f the plant is principally carried 
out by the operator. An automatic monitoring system like the KFÜ enables the 
authority to extend its control efficiency, getting more and continuous information 
about the operation o f the plants round the clock. However, it has to be 
emphasized that such a system is only considered as a supplementary method of 
supervision. It was never designed to substitute for routine inspections by the 
authority or to relieve plant operators o f their responsibility.

3. THE DESIGN OF THE KFÜ

In Fig.3 the objectives o f the remote monitoring system are briefly presented.
The KFU firstly consists o f a computer-controlled network centre in the 

basement o f the State Office with a central computer. It consists secondly of 
the sub-central stations on the site o f the plants which are connected with the 
sensors o f the measuring or monitoring devices in the buildings o f the plant, the
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FIG.3. Objectives o f  the autom atic rem ote m onitoring system  for nuclear reactors (KFU).

exhaust air stack, the return flow channel of the cooling water and the meteoro
logical mast or station. Thirdly, the network centre and the sub-centres are linked 
by two independent connections to the telephone system of the Federal Post 
Office.

During normal operation the data are transferred under the control o f  the 
process computer at intervals o f one hour; these intervals are immediately 
shortened in the case o f  an accident or an unplanned release o f  radioactivity 
exceeding a pre-set limit.

The following figures explàin in detail the arrangement o f the KFÜ measuring 
devices for the various measured parameters in a power plant. Figure 4 shows the 
simplified scheme of the gaseous and liquid waste circuits of the nuclear power 
station Isar (KKI) on the river Isar (a BWR of about 900 MW). In the figure the 
dots show the measured parameters. The white dots represent the measuring
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devices of the authority whereas the black dots indicate those of the operator.
In the measuring devices o f the operator branches are installed linked with the 
sub-centre o f the KFÜ. Both sets o f devices, the operator’s as well as the 
authority’s, are calibrated on the same basic standard to ensure comparability.
The function o f the instruments cannot be changed without attracting attention 
in the network centre.

If necessary, e.g. for the monitoring of other types of nuclear power plants, 
different or additional parameters may be integrated in the data flow of the 
system at any time.

The following parameters are measured in the KKI station.

3.1. Monitoring of plant-internal parameters

At first it is necessary to monitor parameters relating to the operating 
conditions o f the plant,particularly those which provide information about the 
reactor itself. Therefore, one can monitor the electric power output or at least — 
as in KKI -  the position o f the generator switch, “in” or “out”. Other typical 
parameters are the pressure difference between the turbine-hall and the atmosphere, 
the gamma dose rate in the reactor building and the turbine-hall and/or the aerosol 
activity in the containment.

3.2. Monitoring of airborne and liquid radioactive releases

According to the construction specifications for nuclear power plants and 
the results of the technical acceptance tests as well as routine tests, a burst of the 
containment and an uncontrolled release o f radioactive substances may be dis
counted; at least they are extremely unlikely. The monitoring o f discharges is 
therefore concentrated on the normal release paths, i.e. the effluent lines from 
the release tanks and the exhaust air stack.

The radioactivity and the flow rate o f liquid effluents are measured after the 
release tanks and in the return flow channel of the condenser cooling water.

The airborne effluents, mainly noble gases, iodine-131 and aerosols, are 
released by the exhaust air stack at a given height above ground. Therefore the 
sensors o f the monitoring instruments are located near the stack, on a bypass 
system through which exhaust air passes.

The detection ranges chosen for the sensors meet the demands anticipated 
both in normal operation and in the case o f unplanned or accidental releases.
The detection limits o f the instruments monitoring the release of airborne radio
active effluents are summarized in Fig.5.

There is also one ionization chamber attached to the stack which is designed 
to measure the high gamma radiation o f the effluents in the event o f malfunctions 
or accidents in the plant; it has a measuring range from 10~3 R/h up to 104 R/h.
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m e a s u r i n g  p la c e m e a s u r i n g  p a r a m e t e r d e t e c t i o n  r a n g e

e x h a u s t  a i r  s t a c k n o b le  g a s  a c t i v i t y  

h i g h  g a m m a  r a d i a t i o n  

{ f o r  a c c i d e n t a l  r e l e a s e )  

i o d i  n e  -1 3 1  a c t i v i t y

a e r o s o l  a c t i v i t y

- d i r e c t  m e a s u r i n g  d e v i c e

- d e l a y e d  ( 5 d )  m e a s u r i n g  d e v i c e
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r e a c t o r  b u i ld in g g a m m a  d o s e  r a t e  ( K K I I 1 0 4  —  1 0 3 R / h

FIG.5. Monitoring o f  the release o f  airborne radioactive effluents.
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4.2.79 ... 5.2.79

FIG. 6. Courses o f  measured data over 24 hours.
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The continuous collection and on-line processing of data offer an almost 
unlimited variety o f processing modes for these data, e.g. summation of discharged 
activities over any given period o f time, the calculation of mean values, the plotting 
of hourly, daily, monthly or yearly trends of the releases and the print of data 
logs. As the exhaust air flow rate in the stack is also continuously measured it 
is possible by on-line processing to compare the actual radioactivity release data 
with the hourly, daily or weekly values permitted by the licence of the authority. 
This comparison is visible at once on the display by means of a dotted line, 
representing the licensed values. In addition, the measuring devices are equipped
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FIG.8. Scheme o f  com putation o f  radiation exposure.

with adjustable alarm thresholds, causing an early warning when pre-set limits to 
the different releases are exceeded.

Figure 6 shows typical courses of measured data o f the aerosol- and noble 
gas activity over 24 hours of normal operation; the dotted  line represents the 
authorized radioactivity concentration limits for noble gas effluents.

3.3. Measurements o f meteorological parameters

Apart from  direct measurements of the radioactive contam ination in the 
surroundings, the dispersion of the discharged airborne substances and the resulting 
radiation exposure of the environment can only be determined in connection 
with the local meteorological conditions. Monitoring o f these parameters makes it 
possible to  com pute the dispersion and to  plot the lines of equal doses (isodoses) 
in the surroundings at any given time interval. The meteorological data which are 
necessary for the dispersion calculations are measured at a separate meteorological 
station and on a meteorological mast (Fig.7). The diffusion class is determined 
either by the vertical tem perature profile combined with the wind velocity, by 
the fluctuations of the horizontal or vertical wind direction or by the net radiation 
combined with the wind velocity. The radiation exposure o f the environment is 
calculated according to  the scheme in Fig.8.

The results o f these calculations, represented as lines o f  equal doses (isodoses) 
in the environment o f the power plant KKI, are shown in Fig.9. It shows the 
whole body dose distribution in the surroundings of the plant, divided into sectors 
o f 30 degrees, i.e. the isodose lines o f 1, 3, 6, 10, 30 and 60 /xrem, and decades 
o f these values calculated for a specified time interval, in this particular case for 
the year 1979. The isodoses during the routine operation of the plant can be 
calculated for any time interval between 1 day and 1 year.
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3.4. Measurement of the immissions

To obtain inform ation on the radioactive immissions in the environment of 
nuclear reactors one would have to  install numerous measuring stations in a 
broad ring around the reactor site. It would be more reasonable to locate such 
monitoring stations in those densely populated or urban areas which could be 
mainly affected by airborne radioactive effluents, considering the predom inant 
local climatic conditions. For this purpose a few stations will suffice. As mentioned 
above, the autom atic air quality m onitoring system (LÜB) is equipped with 
monitoring stations in three towns near the plants, measuring the gamma dose rate 
and both  the short-lived as well as long-lived aerosol activity, the latter by direct 
and delayed (5 days) measurements o f filters, proceeding by steps. In addition, 
the gamma dose rate is also measured by a counter chamber on top  o f the sub
centre on the site of the nuclear plant.

3.5. Synopsis of all measured param eters by a KFU sub-centre

In summary, the measurements of the various param eters as described and, 
as docum ented in the sub-centre on the site of the plant, are listed in F ig .l0.

4. MEASUREMENTS AND CALCULATIONS IN THE CASE OF UNPLANNED
RADIOACTIVE RELEASES OR ACCIDENTS

During normal operation the radiation doses in the environment o f the 
nuclear power station are within the range of fluctuations o f the natural back
ground radiation and are therefore hardly detectable. In the case o f an unplanned 
release o f radioactivity, e.g. a reactor accident, the radiation doses to  the environ
m ent can be m uch higher. Therefore it is necessary to  obtain reliable inform ation 
on the extent, the magnitude and the trend o f radiation exposure o f the environ
m ent as soon as possible in order to  organize adequate relief operations in the 
first stages of an accident. The results o f direct measurements of gamma dose 
rates as well as concentrations of noble gas-, iodine-131 or aerosol activity at 
ground level can hardly be delivered in appropriate time. An autom atic rem ote 
monitoring system such as the KFÜ, however, can provide the desired inform ation 
to  the authorities, e.g. the emergency staff concerned with relief management, in 
the shortest conceivable time. Although the KFÜ was not originally designed 
for the case o f an accident or emergency it has yielded useful results for the 
assessment o f the consequences of such cases as well.

This inform ation is based on actual measured data o f the airborne releases 
from the plant and on atm ospheric dispersion calculations obtained by the 
measurement of actual meteorological conditions. Both are easily acquired and
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processed by the system in the shortest possible time. This data processing was 
developed by Eder [4].

By means o f this m ethod it is possible to com pute the whole-body dose 
caused by radioactive noble gas clouds em itted from the exhaust air stack.

In the same m anner the radiation doses to  the thyroid o f infants and adults 
due to inhalation o f iodine-131 can be calculated. The calculation is carried out 
similarly, taking into account the average breathing rates of infants and adults. 
Further details are described in Ref.[5].

In summary, the radiation exposure o f  the environment in the case o f  an 
unplanned release, e.g. an accident, is obtained in the following way. When the 
warning threshold of one or more of the measuring instrum ents of the m onitoring 
system exceeds pre-set limits an autom atic trigger immediately causes an alarm.
In consequence, the interval between data transmission from the sub-centre to 
the network centre and the computing cycle for the dispersion calculations is 
shortened from  1 hour, which is usual during normal operation o f the plant, to
10 minutes. Starting from this point the accumulated data of exposure doses 
are stored in a separate register o f the central com puter which is able to plot the 
different lines of equal doses in the vicinity up to  a specified tim e covering the 
whole course o f an accident. This accident routine is discontinued by manual 
command only. In an emergency or as an exercise a series of radiation exposure 
plots can be made at any point o f time.

To date no serious accident w ith release of airborne radioactivity from a plant 
has occurred in Bavaria. Nevertheless, the authorities must be prepared to  deal 
with accidental releases, e.g. by means of the KFÜ. Therefore this system m ust 
operate day and night. The installation o f  special alarm devices in the netwrok 
centre perm its warning o f the stand-by supervision staff o f the authority  at any 
time. The scheme for the warning system in the case o f unplanned radioactive 
releases is given in Fig. 11.

5. TECHNICAL CONCEPTION OF THE KFÜ-HARDWARE

5.1. Technical details o f the sub-central stations and data transfer

Each sub-system is an independent computer-controlled m onitoring network. 
The most im portant single com ponent o f  the sub-system is the mini-computer.
The functions of this com puter include the acquisition and interim storage of the 
measured data signalled by the sensors, checking these data for exceeding pre-set 
limits and checking the performance o f  the data transfer procedures.

In view o f the relatively small distances involved, the data transfer within 
a sub-system, e.g. from the sensor at the exhaust air stack to  the sub-computer 
in the sub-central stations, is by means o f  fixed wiring connections.
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FIG.11. Warning-system in the case o f  unplanned radioactive releases from  nuclear reactors.

The data transfer from the sub-centre to  the network centre is to  date carried 
by the public telephone network. Each sub-centre and the network centre are 
equipped with two independent telephone connections. Therefore four data
paths can be dialled. If one or more of the pre-set alarm thresholds is exceeded 
the sub-central station dials the network centre automatically.

5.2. Technical details of the netw ork centre

The entire rem ote m onitoring system is controlled by the com puter o f the 
network centre. This centre is equipped with several peripheral units for manual
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control and for satisfying the requirem ents imposed on the KFÜ as a whole.
These peripheral units include:

An operating console for the general control o f the KFÜ and for providing 
protocols, special listings and data copies.
A protocol typew riter for the ou tpu t o f current KFÜ inform ation. This 
unit can also be used as a stand-by operating console.
A display w ith a hard-copy unit for dialogue w ith the computer.
A plotter for the large-scale plotting o f isodose lines.
A fast printer for the prin tou t o f measured data protocols.
Tapes and disks for redundant data storage.
In the selection o f the peripheral units particular importance was attached 

to redundant im plem entation o f the essential functions. In the event o f  failure 
of any one single unit, operation can be continued w ithout serious restrictions. 
F urther precautionary measures against a failure o f the netw ork centre are a 
battery-buffered emergency power supply. In the event o f failure of the central 
com puter of the KFÜ the central com puter o f the LÜB-system is available as an 
emergency stand-by because one is compatible with the other.

6. CONCLUSIONS

Summing up, the main characteristics of the KFÜ are:

The KFÜ compiles and processes data on the operational conditions of 
nuclear power plants, on releases o f radioactive substances into the atmosphere 
and water and on local meteorological conditions.
The KFÜ data supplement the routine supervision o f the plants.
The KFÜ incorporates alarm devices and provides an early warning o f  possible 
m alfunctions and accident situations.
It calculates data on the radiation exposure o f the environment during normal 
operation and in the case o f any unplanned release of radioactivity.
It enables the authorities to  organize prom pt relief operations in the first 
stages o f an accident.
The compilation and the issue o f regular reports on the safety performance 
o f the plants provide a factual base for the current public discussion on the 
acceptance o f nuclear power.

An autom atic rem ote monitoring system such as the KFÜ provides a 
continuous off-site assessment o f the safety status o f nuclear reactors and prom pt 
inform ation fo r the authorities concerned w ith the im plem entation of emergency 
measures. This system has been installed in tw o power plants in Bavaria since 
September 1978 and will shortly be installed at a further two pow er plants which 
are now under construction. It was no t designed to  substitute for the control of
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the plant by the operator: it was developed to  intensify supervision by the 
authority  independent o f the operator. The technical concept o f this system and 
the specifications for the com ponents as designed by the LfU [2] were worked 
out by the German Dornier System Ltd. Co. [6] on behalf of and in co-operation 
with the Bavarian State Office for Environmental Protection.
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PANEL

M inim um  Requirem ents fo r  Management and 
Operation o f  a Nuclear Power Plant

Chairman:
M. Barandiarán (Spain)

Panel Members:
R. van den Damme (Belgium)

(Bulgaria)
(Federal Republic o f  Germany) 
(Japan)
(Republic o f Korea)

G.S. Dichev
H. Schenk
Y. Sawaguchi 
Eun-Rae Roh

INTRODUCTION

The panel discussion was focused on the organizational and managerial 
aspects o f  operational safety, the them e o f sessions III and IV. The term  
‘minimum requirem ents’ was selected to  indicate tha t the challenges o f  taking 
on responsibility for operation o f a nuclear power plant and o f maintaining 
public trust, as exemplified in the form o f an operating licence, require effort 
and management quality o f at least a certain level. This effort and quality may 
be organized in different ways, depending on the structure and size o f the utility. 
Pooling o f  resources may be a particularly im portant consideration for small 
utilities.

Three questions were presented to  the panel:

•  What is the role o f the operating organization in implementing nuclear 
safety?

•  What support would outside organizations give to  an operating organization?

•  What type o f co-operation would be useful between operating companies 
inside a country and internationally?

DISCUSSION

The chairman introduced the speakers and explained tha t management 
requirem ents are not only set by high operating safety standards bu t also by the 
need to  protect the plant owners’ investment. This has been borne out by the 
enormous losses which the u tility  is incurring at Three Mile Island.

203
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In response to  questions, a representative o f a large utility  in a developed 
country, Mr. Sawaguchi, explained briefly the size o f the operating effort in 
Japan, where plants producing about 15 000 MW(e) are now in operation. The 
utility  experts in Japan are not only involved in the management and running of 
the plants, bu t they also have an increasing role in feeding back operating 
experience to  be used in developing detailed design specifications for future 
plants or plant upgrading. The utility  basically relies on its in-house capability 
for plant operation, and also increasingly performs its own safety evaluations.
The main operating responsibility for each plant in bo th  normal and abnormal 
situations rests with the plant superintendent. In-depth safety analysis and long
term  planning and strategies are developed in headquarters.

For an improved feedback of operating experience, the Japanese utility 
rotates its engineers, a scheme which bears some similarity to  the airlines’ policy 
of reassembling crews from time to  time (although for a different reason: i.e. 
compliance with procedures, see paper IAEA-CN-39/4.1 ). The o ther panel members 
agreed with these principles in general, and added additional points from their 
own experience.

Mr. van den Damme stressed that safety must be given the first priority in 
plant operation. This requires that operating personnel understand the basics of 
physics and the engineering o f the plant, and that they achieve a high level o f 
qualification.

In a small country, the utility  headquarters should best be located not too 
far from the site, in order to facilitate communication and assistance. However, 
the responsibility for operation should, to  the maximum extent possible, be 
delegated to  the site management. Therefore, site management should have a core 
o f professionals who are well qualified, able to  follow developments in reactor 
safety and plant operation, and motivated by career development opportunities.

Mr. Schenk underlined Mr. van den Damme’s statem ents by stressing the 
responsibility o f the local site management and the advantages o f the proxim ity 
of engineering support and services. Close co-operation between site and head
quarters is needed, w ith clearly defined organizational structures suited to  the 
country and to  the organizations involved. Each shift in his power plant includes
10 people for operation, mechanical and electrical maintenance, radiology, and 
chemistry. The headquarters support involves about 30 engineers.

Mr. Roh stressed the importance both  o f management factors and the 
philosophy and enforcem ent o f  safety for developing countries that have limited 
resources and different societal structures. Because o f the limited manpower 
resources in the regulatory organization in his country his organization found it 
necessary to  establish an independent group within the utility for safety and 
inspection, in order to  exert a maximum o f internal control. The Chairman 
supported this position, pointing out that a utility should fulfil its responsibility 
for safety in such a way that its relations w ith the regulatory body and the public
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are based on trust rather than on constant surveillance. One o f the papers o f  the 
session, however, had also shown ways how m odem  communication lines could 
provide the supervising authority  w ith the capacity to  perform  independent 
surveillance o f plant safety or environmental parameter. This capacity would 
tend to  increase public confidence in the supervising authority. All panel members 
agreed that the utility had the primary responsibility for operational safety. Any 
outside surveillance or assistance that is needed should be accepted, bu t should 
no t change the fact that primary responsibility for plant safety rests with the 
operating shift.

Mr. Dichev described the rapid build-up o f nuclear power operation in another 
developing country, Bulgaria. In 1972, Bulgaria had one operating nuclear unit; 
a second was added in 1975, and a third in 1980. A very close co-operation with 
an experienced supplying organization from the USSR has been invaluable in 
establishing operational safety. This co-operation has involved the provision of 
opportunities for training at a proto type plant, as well as assistance at the early 
stages in bo th  design and construction. Transfer o f  operating responsibility 
occurs when the plant is commissioned, at which time the work is performed by 
the domestic personnel, but w ith the assistance o f experts provided by the 
supplier.

In enforcing nuclear safety by the management o f  a utility, Mr. Dichev 
agreed with Mr. Roh tha t a strict management approach brought the  best results.
In his country, all operator qualifying examinations are performed to  the high 
standards o f  the experienced supplier country. Public trust, in his opinion, is 
best established by a com petent operating organization and highly qualified plant 
operators. A fter start-up, operational safety is further improved by routine 
meetings every six m onths among experts from countries in the Council for 
Mutual Economic Assistance (CMEA) which have similar reactors. There was also 
agreement w ith Mr. Schenk as to  the importance o f  in-service inspection, main
tenance, and simulator training. These activities usually require support from 
outside the operating organization and a certain level o f  industrial infrastructure.

Finally, it was pointed ou t tha t training for plant emergencies was an 
im portant aspect o f operational safety. In Bulgaria, for example, the operating 
shifts are exposed to  emergency drills in the plant or on the sim ulator once a 
m onth. In a related presentation concerning the aviation industry’s approach to 
safety, it was explained that its training for emergencies was even more frequent, 
and the tendency was to  perform  it entirely on simulators.

With regard to  co-operation o f  operating organizations, it was pointed out 
that a small country such as Belgium, which has seven plants, has only three 
operating companies; they obviously co-operate closely. Most o f  these plants are 
shared w ith o ther countries and are relatively close to  national boundaries. For 
a nuclear power plant site close to  a national boundary, the im portance of 
informing authorities and the public on both sides o f  the border concerning
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nuclear emergencies was the subject o f discussions in Plenary Session VIII and 
Technical Session A3. For the exchange o f  day-to-day operating experience, it was 
was felt that countries in the Organization for Economic Co-operation and 
Development (OECD) should set up organizations similar to  those in the United 
States [Institute for Nuclear Power Operation (INPO), and the Nuclear Safety 
Analysis Center (NSAC)] and in the CMEA. A possible role for the International 
Union o f Producers and Distributors of Electric Energy (UNIPEDE) was also 
mentioned. The IAEA should help in setting up such exchanges on a world-wide 
scale (see also panels 2.4 and 9.2). The im portance for small countries and 
utilities o f having access to  a larger pool o f experience and data was stressed.

During the audience discussion of the panel subjects, Mr. Sarma from India 
pointed ou t tha t the operating organizations’ responsibility for safety would be 
better served by a spirit o f co-operation in operational safety m atters nationally 
and internationally than by an attitude o f distrust and policing. The Chairman 
added tha t organization, personnel selection and training, and interaction with 
the public must be such tha t the operator obtains and merits the confidence o f the 
public (a situation, largely achieved by the aircraft pilot and demanded in a more 
general way for all nuclear experts by M. Kosciusko-Morizet in panel 10.2). On 
the o ther hand, Mrs. Linzin from the European Parliament felt tha t persons from 
the outside, enjoying the public trust, should be able to  control and survey 
nuclear power plant operation, and that this subject had no t been covered 
adequately in the discussion. Mr. Gonzales (Argentina) thought that the panel 
members had pictured a rather idealistic role o f a nuclear utility  and that the heart of 
the m atter was a possible conflict o f  interest in giving priority to  safety in operation 
over commercial interests. Both Messrs. Schenk and Roh responded tha t this could 
be done properly. Mr. Alonso (Spain) pointed ou t that the regulatory body also 
had some responsibility for operational safety. There was a consensus among 
the panel: tha t, over the long term , good economics always goes together with 
a good safety record and that these goals interact w ith no fundam ental conflict 
between them.

SUMMARY

The present and future requirements for safe operation o f  a nuclear power 
plant were identified in the session and the panel as follows:

Safety in operation must be a basic corporate objective o f any operating 
organization, for two reasons. To fulfil the trust placed in it by the public, 
it must assure environmental impacts are held to  a minimum. It must also 
protect the large investment which the owners have in a nuclear power 
facility.
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The management o f the operating organization has to  assure that qualified 
operating and engineering personnel are available, properly trained, and 
authorized to  deal w ith normal and abnormal operating conditions.

The primary responsibility for the safety o f the nuclear pow er plant rests 
w ith the operating organization. That organization has to  be structured and 
manned in such a way that the operating shift, which has the ultim ate 
responsibility, can live up to  it.

Management has to  enforce and control safety, and establish awareness of 
safety experience throughout all levels o f the operating organization.

Access to  a large source o f operating experience is particularly im portant 
for small utilities and small countries (see also panel 2.4).

Clear arrangements have to  be made ahead o f tim e to  obtain outside support, 
particularly in case o f an emergency.

Co-operative efforts between utilities and/or o ther organizations nationally 
and internationally are essential to  provide for sharing experiences and 
resources so tha t nuclear safety can be constantly m onitored and improved.





Plenary Session V 

SITING POLICY



Chairman

G. NASCHI
Italy



IAEA-CN-39/5.1

HEALTH AND SAFETY EFFECTS OF 

LARGE INDUSTRIAL FACILITIES

V. PAULSSON
National Swedish Environment 

Protection Board,
Solna,
Sweden

Abstract

HEALTH AND SAFETY EFFECTS OF LARGE INDUSTRIAL FACILITIES.
In the past, the choice of sites for large resource-demanding and polluting industrial plants 

and power stations has been determined by such factors as the availability of land, water, 
energy, raw materials and means of transport. In recent years increasing importance has been 
attached to  environmental aspects. The large plants have very different kinds of impacts on 
human health and the environment. The effects also vary between population groups, 
geographical areas and periods of time. Certain effects are well known, whilst others are less 
well understood. It is very difficult to  compare activities with regard to their effects. Such 
comparisons are very much dependent on the kind of data that are available, how the effects 
are evaluated and which effects are accorded most importance. In Sweden, problems associated 
with the siting of large plants have been dealt with along two parallel lines. One line, the 
environment protection line, is concerned with the limitation of emissions and other nuisances 
as far as is technically possible and economically feasible. The other line, the planning and 
siting line, is concerned with concentrating large industrial facilities in carefully selected 
locations on the assumption that it will take some time to develop acceptable pollution control 
and low-waste technologies. However, it is usually not possible to  delay a decision until we have 
all the information we require. In critical matters, decisions must be made on the basis of 
present knowledge. The ultimate evaluations must then be made in the form of political 
decisions.

1. SITING CONSIDERATIONS

In the past, the choice o f sites for resource-demanding and polluting industrial 
plants has been determined by considerations such as the availability of:

Large land areas
Large quantities o f water, energy and raw materials
Adequate means for shipping raw materials in and finished products out
Adequate bodies of air and water to  receive discharges of contaminating wastes.

Certain types o f industry impose special siting requirements which limit the 
number o f possible sites where such industries can be established in the country.
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Certain types o f plants are heavily dependent upon location close to o ther plants of 
the same type within the same industry, for example the petrochemicals industry. 
Other types o f plants are dependent upon proxim ity to  plants in o ther branches of 
industry (plants with large energy requirements, for example, must be located near
oil refineries).

The siting o f large oil- and coal-fired condensing power stations is determined 
primarily by similar factors. Im portant siting factors for a large oil-fired condensating 
power plant are:

Adequate harbour facilities and channel
Adequate receiving bodies o f air and water (about 30—50 m 3/s of cooling 

water at +  10°C)
Land for the power station, about 2—3 km 2
Proximity to  a power grid and consumers.

For a coal-fired power station of the same size as an oil-fired condensing power 
station, the following factors must also be considered.

Storage area for coal, about 0.5 km 2
Space for disposal o f ash and slag adjacent to  the power station, about 1—2 km 2
Space for disposal o f sludge from the desulphurization of stack gases adjacent 

to the power station, about 4 km 2.

The siting o f nuclear power stations follows the same pattern. Im portant 
siting considerations for a large nuclear power station are:

Harbour for incoming shipments of large process com ponents and nuclear fuel 
and outgoing shipments o f spent nuclear fuel

Adequate receiving body of water (about 50 m 3/s o f cooling water at +  10°C)
Land for the power station, about 1.5 km 2
Restrictions apply to  land use within a certain distance from the power station
Proximity to  a power grid and consumers.

Several of the energy sources being discussed for meeting energy needs in the 
1980s and 1990s — e.g. peat, energy forests, wind power — impose special 
requirements. Among other things, they demand large tracts of land. Replacing 
a large nuclear or coal-fired power station with an equivalent plant based on peat, 
wood or wind power would require a much larger area. An increasing exploitation 
of renewable energy sources must be accompanied by careful land management.

2. HEALTH AND ENVIRONMENTAL PROBLEMS

This section deals with some health and environmental problems which can 
constitute a lim itation for the siting of large industrial plants. This overview makes
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TABLE I. EFFECTS ON HUMAN HEALTH AND THE ENVIRONMENT THAT 
CAN BE LIMITING IN CONNECTION WITH THE CONSTRUCTION OF POWER 
STATIONS AND INDUSTRIAL PLANTS.
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no claims on being complete. The development of pollution control and low-waste 
technologies in the future may permit greater freedom in the siting o f industrial 
plants.

The most im portant negative effects to  be considered in the siting of 
industrial and power-producing plants are o f three types: consum ption o f natural 
resources, environmental effects and health effects (see Table I.).

Natural resources are consumed through the use of energy stored in certain 
forms such as oil, coal, natural gas, peat, shales, etc. and by the use o f  land and 
water areas for energy forests, wind power plants, hydroelectric power plants and 
other developments in com petition with other kinds o f use, such as nature 
conservancy and recreational activities.

Environmental effects include loads on the atmosphere, water and soil through 
discharges o f pollutants such as carbon dioxide, sulphur dioxide, heavy metals, 
complex organic compounds etc. as a result of, among other things, the combustion 
of fuels. Environmental impact also includes changes in the landscape, cultivation 
measures for energy forests etc.

Negative health effects result from the discharge of heavy metals, carcinogenic 
and mutagenic substances, such as lead, cadmium and complex organic compounds.

I will concern myself with the following effects:

Consumption o f  natural resources
Consum ption of resources of scarce resources 
Land use

Environmental effects 
Climatic changes 
Acidification of soil and water 
Pollution o f soil and water, with metals
Pollution of soil and water, flora and fauna with complex organic 

compounds
Pollution o f water with oxygen-demanding substances 
Thermal emissions
Changes in landscape, flora and fauna
Long-term pollution o f soil and water from waste repositories
Effects on the natural environment as a result o f major accidents

Health effects.

We know  that the energy sources that we are exploiting most heavily at the 
present time are based on finite natural resources, with the exception of 
hydroelectric power. Over the long run — well into the next century — we must 
realize tha t the most heavily exploited energy resources will simply eventually run 
out. As far as we can judge now, we will then have to  rely on renewable energy 
sources. We must learn to  economize in our exploitation of non-renewable energy 
resources. Furtherm ore, we must begin now through research and development to
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prepare ourselves for the use o f renewable energy sources. For purely technical 
reasons, among others, it takes a long time to change an energy system. In addition, 
many questions remain to  be answered as regards the health and environmental 
effects o f the renewable energy sources.

A nother question concerned with natural resources is the use o f  the  land. 
Naturally, we should use the land in such a way as to create as m uch freedom of 
action as possible for the future. Among other things, this means that 
representative parts o f different ecological systems -  river valleys, wetlands, etc.
— should be conserved in a certain status and on a sufficient scale in order to  meet 
justified demands for recreational and reference areas. The use of land for industry 
and power production must be managed in such a way that o ther land use interests 
can also be satisfied. This applies in particular to  hydroelectric power.

As has already been m entioned, in the long run it will become increasingly 
necessary to  meet energy needs through the use o f domestic, self-renewing resources. 
These types of energy sources are characterized by the fact that they require large 
areas o f land. This is true of, for example, energy forests, wind power, hydro
electric power and peat.

In general, it is clear that questions concerning the use o f land will become 
increasingly im portant in connection with the design o f the future energy system.
We in Sweden are relatively fortunate in having large land resources, but even so, 
far-sighted land use planning is necessary.

One o f the most serous possible environmental effects o f energy production is 
changes in the earth’s climate. It is im portant here that environmental requirements 
be aimed at ensuring that significant climatic changes do not occur as a result of 
energy use at such a rate that the consequences cannot be controlled.

Various researchers have indicated that im portant climatic effects can result 
from emissions of, above all, carbon dioxide, but also of heat, particulates, nitrogen 
oxides and kryptoh-85. Carbon dioxide emissions derive mainly from the 
combustion o f oil and coal. In some cases, there is a great deal o f uncertainty in 
the predictions. However, the possible consequences for our environment are so 
far-reaching that it would be irresponsible not to  plan our future energy system in 
such a m anner that the risks o f  climatic effects are reduced instead o f  increased, 
as they are today.

One environmental effect which has attracted a great deal o f atten tion  in the 
Scandinavian countries is the acidification o f  soil and water. Scandinavia is 
particularly vulnerable due to  the low buffering capacity o f the inland waters.
A continued increase in the acidification of soil and water cannot be accepted.
The objective o f  work aimed at reducing these environmental effects ought to  be 
long-term recovery o f the soil and water to a natural, non-acidic condition.
The short-term objective is to  achieve stable conditions in lakes and, at a later 
stage, in the soil. Lakes should have a pH above 5.5, since this is the limit below 
which damage is inflicted on crayfish, sensitive fish species, insects and plankton.
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In 1976, the Swedish Parliament established as a goal the reduction of 
sulphur emissions to  the level of the 1950s over a 10-year period. In the 1950s, 
polluting discharges were at such a level that no acidification had as yet been 
observed. In more concrete terms, the parliamentary resolution entails a reduction 
of emissions from the 1973 level of 800 000 tonnes of sulphur dioxide to less than 
400 000 tonnes of sulphur dioxide in 1985, which represents a reduction by half 
over a period o f about ten years. So far, we have come half-way towards achieving 
this goal.

Acidifying substances are emitted mainly from oil- and coal-fired power 
stations, pulp and paper mills and iron and steel works. Acidification may 
therefore constitute a limiting consideration in the siting o f these types of plants.

In addition to  sulphur, limits should be set for emissions of nitrogen oxides 
as well, which also contribute to  acidification.

Over a five-year trial period, lime has been added to our most polluted and 
valuable waters in a project supported by the government. Liming has had 
successful results in terms o f pH values. However, it has other negative environmental 
effects such as sudden changes in living conditions for flora and fauna.

In view of the long range of travel of sulphur discharges, the Scandinavian 
countries should work actively for a reduction of emissions from the European 
continent as well. On the basis of the results of the OECD project on the long- 
range transport o f air pollutants, it can be concluded that the acidification effect on 
Swedish land and water areas in the mid-1980s from each o f the o ther individual 
countries -  above all the German Democratic Republic, Great Britain, the 
Federal Republic of Germany and Denmark — will be approximately of the same 
magnitude as the effect of Sweden’s own emissions. This conclusion is based on 
what is known concerning limitations on emissions in the different countries.
The signing of the Convention on Long-Range Transboundary Air Pollution in 
November of 1979 was an im portant event. The follow-up work on the Convention 
will show if agreement can be reached on a procedure for the gradual reduction of 
sulphur emissions in Europe.

A nother im portant environmental problem is th  t  pollution o f  soil and water 
with metal. In view of the effects o f metals such as mercury, cadmium, nickel 
and vanadium on human health and the environment, measures must be taken to 
reduce the concentrations of these metals to  their natural levels.

Each change, however small, in the natural concentration o f these metals in 
the environment constitutes a potential risk for disturbing the ecological balance. 
Consequently, a fundam ental aim must be to prevent an increase in the 
concentrations o f these metals in the environment above the natural level.

I t is also known th a t the  dispersion of small quantities of metals in the natural 
environment over large areas and over a long period o f time has greater consequences 
than the dispersal o f large quantities over a limited area and a short period of time.
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Emissions of metals derive to  a considerable extent from iron and steel works, 
metal works and ferro-alloy plants. Coal-fired power stations also emit metals, 
for example the mercury present in the coal. The small quantities o f mercury in 
question here have been found to  cause great damage due to  accumulation in 
organisms, especially in acidified areas.

An environmental problem of a similar type is the pollution o f  soil and water, 
flora and fauna with com plex organic compounds, such as poly cyclic organic 
m atter (POM), chlorinated hydrocarbons, etc. Many o f these substances have been 
found to  have serious effects. They result from incomplete com bustion, for example 
at metal-works and in connection with the combustion of coal and wood.

The pollution o f  water with substances that increase oxygen demand, 
e.g. organic m atter, plant nutrients (phosphorus, nitrogen) etc., is an environmental 
problem that was recognized at an early stage. Large quantities o f oyxgen- 
demanding substances derive mainly from  the m anufacture o f paper pulp, but 
also from  the manufacture o f certain chemical products.

A nother potential risk is discharges o f excess heat. The aim with respect to  
these discharges should be that no large-scale impact on the ecosystems should be 
allowed to  occur. Our current judgem ent is that heat emissions will no t have any 
large-scale limiting impact on the energy system as a whole. However, on the 
local level, heat emissions can impose restrictions on condensing power plants for 
oil, coal and nuclear fuels. A 1-km2 research station at the nuclear power station 
in Forsmark was opened recently. Its purpose is to  investigate the effects on the 
local flora and fauna o f the excess heat in the discharged cooling water (90 m 3/s) 
and o f radioactivity from the power station.

Changes in landscape, flora and fauna  represent a diversified complex of 
environmental effects. Here are some examples.

Oil transports have been found to  entail considerable negative effects on the 
fauna. Environmentally suitable systems for these transports ought to  be 
introduced or the present-day transport apparatus ought to  be drastically improved.

Pipelines for the transport o f natural gas greatly alter the landscape, the fauna 
and conditions for outdoor recreational activities. Such pipelines are not likely 
to be very common, however — at least not in Sweden.

Landscape changes in connection with coal mining are not limiting factors. 
Effects on the landscape can be regarded more from a local viewpoint.

As far as shale extraction is concerned, conservation interests — i.e. nature 
conservancy, outdoor recreation and preservation o f objects o f cultural interest — 
have several areas o f national interest to  safeguard. However, it should be possible 
to  mine shales in an environmentally acceptable fashion.

The utilization o f peat for energy production will lead to  conflicts with vital 
nature conservancy interests, such as protecting the bog as a biotope. Peat 
extraction will have great negative consequences for the fauna and the flora as well
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as,to some extent, the landscape. Nevertheless, large areas can be used for 
energy production.

A prerequisite for the acceptability of energy forest cultivation is that it can 
be done on an extensive scale without the widespread use o f chemical pesticides 
and commercial fertilizers.

Opencast uranium mines cause a major disturbance in the landscape, but it is 
more o f a local character and can be alleviated by suitable siting, landscaping and 
other technical measures.

The great height o f windpower stations will make them dominate the landscape 
and will therefore probably constitute a crucial limiting factor in the utilization of 
windpower.

The utilization o f fuels for energy production results in the production of waste, 
with a consequent risk for a long-range pollution o f  soil and water from  waste 
repositories. In order to  avoid such long-range pollution o f soil and water from 
waste repositories, techniques should be developed to  permit a minimization of the 
am ount o f  waste that is formed and discharged to  the environment. One endeavour 
should be to  use the waste in a non-polluting manner; Disposal should be carried 
out in such a manner that surface and ground water is not polluted, not even 
in the long term. The leakage of metals, organic compounds and other substances 
with long-range effects must be limited. In this connection, it must be borne in 
mind that conditions in the environment may change with time so that, for example, 
leaching tendencies increase.

When it comes to  the impact o f major accidents on the environment, the rule 
must be tha t occasional discharges o f pollutants that can cause mass death among 
animals and plants are not acceptable. This applies even if the environment can 
be expected to  recover in the future or if individual large discharges from the plant 
over a long period of time still meet current requirements.

The usual a ttitude has been that damage to  individuals in an ecosystem is 
acceptable as long as the survival o f the species or the function o f the ecosystem 
is not endangered. This a ttitude should be modified somewhat so that each event 
that leads to  a large am ount of such damage to  individuals should be considered 
unacceptable, even if the previous balance in the ecosystem is restored after a 
period o f time. Such an attitude is in better accordance with public sentiments 
concerning such events in general.

The third group o f negative effects caused by energy production is effects on 
human health. A goal should be to  maintain good health even among the most 
sensitive individuals. In cases where pollution levels for acceptable environmental 
quality can be established, the aim should nevertheless be to  keep the concentrations 
well below these limits, in view of the difficulty of determining how the most 
sensitive persons react. Low pollution levels thereby have an inherent value.

Metals such as cadmium and mercury, nitrogen oxides and complex organic 
com pounds are the worst offenders in causing health effects.
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3. ENVIRONMENT PROTECTION AND SITING POLICY

In Sweden, problems associated with the siting o f resource-demanding and 
polluting industrial plants have been dealt with along two parallel lines. The one 
line, the environment protection line, is concerned with a lim itation o f emissions 
and other nuisances as far as is technically possible and economically feasible.
The o ther line, the planning and siting line, is concerned with concentrating such 
industrial facilities to  carefully selected locations on the assumption tha t it will 
take some time to  develcip acceptable pollution control and low-waste technologies.

3.1. Environment protection policy

The goal of Swedish environmental policy for industrial plants is to  establish 
limits and eliminate negative effects on the environment to  the extent that is 
technically and economically feasible. The long-range goal is fully closed 
industrial processes with no discharge o f pollutants to  the environment.

The Swedish Environment Protection Act is the most im portant means of 
control available to  society for keeping emissions from  plants and factories under 
control and preventing adverse impact on the environment by requiring the 
improvement o f processing techniques and the expansion o f purification and 
treatm ent equipm ent. The Act includes provisions for the prevention o f water and 
air pollution, noise, vibration and other nuisances which could arise from the use 
o f the facilities. The most efficient equipm ent and m ethods avilable should be 
used, if possible. Proposals for alternative location o f industrial facilities can also 
be required.

Developments within the chemical industry in particular will be influenced by 
the Act on Products Hazardous to  Health and the Environment, which was passed 
in 1973 and is an im portant means for environment protection within industry.
The fundam ental principle of the Act is that enyone producing or importing a 
product covered by the Act must take all steps and observe all precautions that may 
be necessary to  prevent or minimize damage.

According to  the N ature Conservancy Act and the Water Act, all new industrial 
enterprises are required to  take measures to  limit or counteract any negative impact 
that their operation might have on the natural environment. The Water Act has 
mainly been used to  regulate conditions for the expansion o f hydroelectric power 
stations. The activities o f  industrial enterprises are also regulated by a num ber of 
o ther statutes, such as the Municipal Sanitation Act, the Public Health S tatute and 
the Building Act.

The planning, design and construction o f large industrial plants is a relatively 
rapid process nowadays. It may take perhaps ten years from the decision to  build 
to  the complete plant. The results o f eutrophication due to  discharges o f nutrients 
become evident rather quickly. However, certain o ther effects on the natural
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environment, such as those caused by complex organic substances (polycyclic 
organic m atter, PCB, etc.) or mercury, do not become manifest until after a 
considerable time. In other words, the change occurs at different rates in the 
society and the development o f natural environment. We are therefore compelled 
to  continue our endeavours to improve m ethods for predicting the effects o f our 
actions.

3.2. National physical planning

Physical planning in Sweden is primarily a task for the municipalities.
However, during the 1960s and the early 1970s, there were certain cases o f new 
industrial facilities being established in coastal areas where particularly vital 
environmental interests were thought to  be in danger. This underlined the need for 
overall physical planning at the national level with regard to  limited resources of 
land and water, on which conflicting claims were being made from various quarters. 
In 1972, the Swedish Parliament adopted national guidelines for land use. These 
guidelines delineate areas whose scientific and recreational value is o f major 
importance to  the country.

In o ther words, we have devised a planning system where the municipalities 
have the primary responsibility for physical planning, but where the national 
government devises guidelines for such planning in m atters o f national importance, 
for example how a land area o f national interest from the viewpoint o f nature 
conservation is to be used.

By way of national physical planning, the Parliament and the Government 
have issued basic guidelines for physical planning. Parliament has passed national 
guidelines of two different kinds: On the one hand, general guidelines for certain 
types o f activities at the regional and local levels (activity guidelines) and, on the 
other hand, guidelines for the management of certain natural resources in certain 
parts o f  the country (geographic guidelines).

The so-called ‘concentration principle’ is being applied to  the siting of industry 
having adverse environmental impact in Sweden. In accordance with this policy, 
industrial plants are to  be concentrated in areas where o ther plants are already 
established in order to  keep as large areas as possible untouched in o ther places.

The basic principles for the siting o f certain industries and for recreational 
activities are summarized below. Areas most suitable for the location o f heavily 
polluting industrial plants are those which:

possess adequate natural resources and means o f transport as required by these
types o f industry ;

are situated in the vicinity o f areas where these types o f industry have already
affected the environment;
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are situated within commuting distance of urban areas designated as regional 
centres in the regional development programme.

The geographic guidelines mainly cover the coasts, but also m ountainous 
areas and certain river valleys. They are of two kinds:

Certain areas are set aside owing to  their outstanding values for scientific and 
recreational purposes on a national scale. Environmental impact due to  the 
presence of polluting industries should therefore be avoided, and the 
establishment of such industry in these areas is not perm itted. Guidelines of 
this type are fundam ental for the mangement of land and water. They are 
long-range and will not be revised except for compelling reasons.

Certain guidelines regulate the siting of specific industries under investigation. 
These guidelines are of a less long-range nature, since they are dependent upon 
num erous rapidly changing factors, for example of a technical nature, and 
must accordingly be revised more frequently.

The coastline has been divided into three different categories:

The continuous, unexploited archipelago coasts, where the establishment of 
heavily polluting industry will not be perm itted, namely the northern parts of 
the west coast (Bohuslán), the central parts o f the east coast (N orthern 
Smàland, Ôstergôtland) and the coastline o f the Gulf o f Bothenia 
(Ángermanland).

The heavily exploited coastal areas, where new establishments of industry with 
adverse environmental impact will only be perm itted adjacent to  areas where 
such industry already exists, namely most o f the west and south coasts and the 
Stockholm region.

The remaining coastline, where the relatively small num ber of highly attractive 
areas for recreation and nature conservancy must be protected.

National physical planning provides an im portant instrum ent for regulating 
the siting o f polluting and resource-demanding industry in consideration of, among 
other things, effects on human health and the enviroment.

The point should be stressed that our experience o f this policy in Sweden has 
been encouraging. We have focused our attention on reducing pollution o f the 
environment and preventing other nuisances. A t the same time, due consideration 
must be given to  the possibilities o f concentrating industrial plants to  a limited 
number o f locations.

Swedish industry has always been subject to  strict control, and the conditions 
necessary for a good environment should continue to  be safeguarded in such a 
m anner that hum an health is not jeopardized. On the o ther hand, the policy of 
concentrating polluting industries leads to  a situation where environmental quality
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varies from  one part of the country to  another. We have chosen to  pursue this ' 
policy because we are not willing to  scatter industry all over Sweden in such a 
manner that the unavoidable disturbances that are connected with industrial plants 
affect the whole country. Nevertheless, our ultim ate aim is, o f course, to render 
industrial processes so harmless that they can be located anywhere.

4. PROBLEMS OF EVALUATION AND PRIORITY

It must be emphasized that it is correct and proper that hum an safety and 
health and the environment be given top priority in the planning and development 
of our society.

But a num ber o f difficulties exist in connection with the evaluation o f and 
trade-off between different health and environmental effects. A crucial difficulty 
is that the health and environmental effects are o f such a varying nature. It is not 
always sufficient to  classify the effects in the manner that has been done 
previously. It is often like comparing ‘apples and oranges’. Moreover, the effects 
are distributed differently between different population groups, geographical 
areas and time periods.

A nother problem is that completely different premises and frames o f reference 
are sometimes used. In some cases, small discharges o f pollutants with a limited 
local effect get considerable attention, while in o ther cases continuously heavy 
loads on the environment are accepted.

The evaluation of the impact on human health and the environment of large 
industrial plants is dependent upon which factors are given priority. Differences 
in how much is known concerning different effects also influence such judgements. 
Certain industrial processes have existed for a long time so that it has been 
possible to  docum ent their negative effects, while others have not been monitored 
at all.

Certain effects are well known, for example the disturbances in the flow o f 
a river when a hydroelectric power station is built. O ther effects can only be 
described as incompletely understood risks, for example the risk o f major accidents 
at nuclear power stations, the climatic effect o f carbon dioxide emissions and the 
risk o f adverse effects on the environment for future generations caused by 
emissions o f metals from the metallurgical industry or the leaching o f solid waste 
from coal-fired or nuclear power stations.

A nother im portant aspect is the fact that health and environmental risks that 
can be specified in quantitative terms are cited to  characterize the to tal impact.
As a rule, there are also numerous effects that can only be specified qualitatively.
A greater effort should be made in the future to  include these unquantified effects 
as well.
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The number o f cancer cases resulting from discharges and atmospheric 
emissions from  combustion represent only a part o f the total effect picture. Nor 
are they a measure o f ecological effects. This means that, for example, a comparison 
o f the num ber of cancer cases resulting from nuclear power stations w ith those 
resulting from  power stations fired with fossil fuels can only provide a part o f  the 
answer as to  the overall health and environmental effects.

There is also a tendency today to exaggerate the risks of large power stations 
compared with the o ther health and environmental problems w ith which we 
must contend.

It is also im portant to  stress the difference between the to tal emission o f 
pollutants from a certain energy system and the concentration levels to  which man 
is exposed from  the system. A system with a large num ber o f  small sources of 
emission generally gives rise to  greater health hazards than one with a small number 
of large sources o f emission. This is one of the factors behind the improvements 
in air quality that have been achieved in recent years by the expansion o f district 
heating networks.

Any comparison and evaluation o f health and environmental hazards therefore 
ought to  be based on as comprehensive an analysis as possible o f what the harmful 
effects are, when they occur, whom they affect, how probable it is tha t they will 
occur and with what measure of certainty all of this is known.

However, it is usually not possible to  delay a decision until we have all the 
information we require. In critical matters, decisions must be made on the basis 
o f present knowledge. This is the only way we have o f controlling our destiny.
The ultim ate evaluations o f health and environmental hazards are then made by way 
of political decisions.
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Abstract

SITING OF NUCLEAR POWER PLANTS IN DENSELY POPULATED COUNTRIES.
In evaluating the safety of reactor siting, three typical approaches can be applied; the 

deterministic approach, the probabilistic approach and the combined approach. In regard to 
a risk associated with siting, the design of a reactor has to do with both individual and societal 
risk, while exclusion distance mainly has to  do with individual risk, and surrounding population 
primarily has to do with societal risk. Consequently, in a densely populated area, more attention 
should be paid to societal risk. There are many reactor sites in the world which can be described 
as concentrated siting. Although concentrated siting has a lot of merits, such as reducing the 
construction cost or maintenance cost of reactors, more careful consideration should be paid to 
safety-related matters of such concentrated reactors because the risk to  the individual from accidents 
caused by concentrated reactors is larger than that from a single reactor. As for the recent contro
versial issue concerning siting criteria, it appears that the present international consensus on 
siting philosophy is still valid after the TMI accident.

1. SAFETY PHILOSOPHY IN REACTOR SITING

In evaluating the safety o f reactor siting, it is required to  asses a risk associated 
with siting a reactor and to  assure that the risk is reasonably small.

Risk to  the public is usually divided into tw o categories, tha t is, individual 
risk and societal risk. A societal risk is defined as a sum o f individual risks.

The simplest definition o f a risk (R) is a product o f likelihood (p) and a 
consequence (C).

R = p X С ( 1)

Although there are many kinds and aspects o f consequences and risks, they may 
be simply represented as follows.

p: likelihood o f an event year-1

C¡: individual consequence rem
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Cs: societal consequence m an 'rem

Rs: societal risk

R; : individual risk rem /year 

man -rem/year

where

R¡ = p X Cj 

R s = p X Cs

(2)

(3)

Typical approaches to  judge the safety o f reactor siting are described below.

1.1. Deterministic approach

For all events whose likelihood p is larger than p 0 , both  C¡ and Cs should be 
less than an acceptable value. The value 1СГ6-  1СГ7/уеаг is adopted for p 0-

where C¡o(p) is the maximum value o f an acceptable individual consequence and 
Cs0(p) is th a t o f  a societal consequence. С $(р) and Cs0(p) vary with p.

Events whose likelihood p is less than p0 , that is, for so-called residual risks, 
are disregarded because they are deemed unlikely.

1.2. Probabilistic approach

In this approach the entire spectrum of events in terms of likelihood is 
accounted for in a probabilistic way.

Rj <  Ri0 (rem/year) (6)

Rs <  Rso (m an’rem/year) (7)

Cj(p) <  Ci0(p) (rem)

Cs(p) <  Cs0(p) (man ' rem)

(4)

(5)

where

( 8 )

0
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R s = J  p R s(p )d p  (9)

0

RjO is the maximum value o f an acceptable individual risk and R sq is tha t of a 
societal risk.

1.3. Combined approach

For all events whose likelihood p is larger than p 0 , the above-mentioned 
deterministic approach is applied. And for events whose likelihood is less than 
Po , the residual risk, the probabilistic approach is used as below.

Po

J p R i(p )d p < R j0 (rem /year) ( 10)

1

Po

J  p Rs(p) dp <  Rso (man • rem/year) (11)

0

The design o f a reactor has to  do with both Rj and Rs, whereas an exclusion 
distance mainly has to  do with Rj, and surrounding population primarily has to  
do with R s. In this connection, in case o f siting in a densely populated area, 
more attention should be paid from the viewpoint o f societal risk.

2. PRESENT STATUS OF REACTOR SITING

The present status o f power reactors in the world as of 30 June 1980 is 
summarized in Table I and Fig. 1. O f the 462 reactors in operation or under 
construction, 161 reactors, or 35%, are located in the USA and 201 reactors, 
or 43%, are located in Canada, the FRG, France, Japan and the USSR.

It is worthy o f notice that a relatively large num ber of world’s reactors 
are located in a rather small num ber of countries.

Though data on such siting factors o f those power reactors as population 
distribution and density around sites are no t available at this m om ent, it seems 
that some countries have better and more flexible siting conditions, while others
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TABLE I. PRESENT STATUS OF POWER REACTORS 
IN THE WORLD (as of 30 June 1980)

Reactors Gross capacity (MW)

Operation 233 136 272

Construction 229 220 831

Contracted 52 54 593

Planned 130 130 547

Total 644 542 243

have restricted conditions which make new power reactor siting very difficult.
Siting conditions differ from site to  site even within a single country, some sites 
having a rather small exclusion area and being located close to  a population centre, 
while others have a very scattered population surrounding them.

According to  a rough survey made with the restricted data available (Tables II 
and III), it seems th a t the  USA has a lo t o f good sites. Site conditions of European 
countries and Japan are no t as good as in the USA from  the viewpoint o f population 
distribution and density. In some o f the European countries and Japan, it seems 
there are also considerable differences in site conditions.

O f all the world’s nuclear plant sites, a lo t represent “Concentrated Siting” , 
which means tha t several reactors are concentrated on one site, or more than two 
sites are located close together. For example, in France, Bugey 1, 2, 3, 4 and 5 
reactors are concentrated at one site. In Canada, Pickering A -l, 2, 3, 4 and 
Pickering B -l, 2, 3, 4 are concentrated at one site also, the latter group being still 
under construction (Fig.2). In Japan, Fukushima-I Site, which has 6 operating 
reactors, can be regarded as an example o f concentrated siting (Fig.3).

In Wakasa Bay Region in Japan there are 9 operating reactors in only one 
prefecture, Fukui Prefecture, and an additional 3 reactors are planned for the 
near future in the same prefecture. This Wakasa Bay Region can also be regarded 
as an example o f concentrated siting with a total o f 12 reactors located in four 
different sites: Mihama, Takahama, Ohi and Tsuruga (Fig.4).

Generally speaking, single-unit siting, which means only one reactor at one 
site, is rather rare and m ulti-unit siting or concentrated siting can be regarded as 
m ore usual on a world-wide basis.
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TABLE II. POPULATION AROUND REACTOR SITES IN THE USA AND 
ABROAD: STATISTICAL COMPARISONS

Relative total population Number of nuclear power-plant sites with
(A = lowest population; indicated relative total population
see Legend) Country within x miles**

X = 2 5 10 20

USA 12 5 4 3
France * * * *

FRG 0 0 0 *
Japan 0 0 0 0
Spain 0 0 1 1
Switzerland 0 0 * *

UK 0 0 0 *

USA 81 74 49 41
France 1 2 * *

FRG 5 0 0 *

Japan 7 2 0 0
Spain 6 5 4 3
Switzerland 2 0 * *
UK 6 3 3 *

USA 18 31 58 67
France * 4 7 7
FRG 14 15 15 *

Japan 6 11 13 5
Spain 0 1 1 1
Switzerland 3 1 1 2
UK 3 5 7 *

USA 0 1 0 0
France * 1 * *
FRG 4 8 8 •
Japan 1 1 1 0
Spain 0 0 0 1
Switzerland 2 6 i *

UK 2 3 1 *

* No data.
** Additional sites may well exist that are hot included in these numbers, since information 

used is likely to  be incomplete.

Relative population density:
A: Palo Verde or lower
B: Higher than Palo Verde, but not higher than Vermont Yankee 
C: Higher than Vermont Yankee, but not higher than Indian Point 
D: Higher than Indian Point.
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TABLE III. POPULATION DATA FOR THREE BENCHMARK 
U.S. REACTORS

Population (thousands) out to  x miles (1979 est.)

X  = 2 5 K) 20

Palo Verde 0.002 0.2 1.9 10

Vermont Yankee 2.1 6 . 6 23 88

Indian Point 9.3 53 218 888

(Data Sources: NRC with some amendment in Japan)

Japan is a densely populated country. I t has an area o f  370 000 km 2, 
mostly steep m ountains, and only 20% of this area can be utilized by the popu
lation of about 110 million people. Because o f the difficulties of public acceptance, 
Japan’s nuclear reactors have been sited in rather sparsely populated areas or rural 
areas in contrast to  thermal power plants, which are mostly located no t far from 
population centres such as Tokyo, Osaka or other big cities.

Although Japan’s reactors are sited in rural areas, the population density 
surrounding the sites could be regarded as generally high compared with that o f 
other countries, having regard to  distance from the site, e.g. population more 
distant from the sites than 15 km, 20 km  or 30 km.

A nother characteristic o f Japanese reactor siting is that as in many other 
countries it is concentrated, typical examples being Fukushim a or Wakasa Bay.

3. MERITS AND DEMERITS OF CONCENTRATED SITING

Why is there a trend to  more concentrated siting? Almost all countries 
have experienced a lo t o f difficulties when looking for a new reactor site. It is 
far easier to  construct a new reactor at an existing site than to  get a new site and 
then construct a new reactor.

This is surely a m ajor reason why there are so many concentrated reactor 
sites in the world: concentrated siting largely mitigates siting difficulties.

Major merits o f concentrated siting are listed below.
(1 ) Concentrated siting means that one reactor needs a smaller land area 
than that required by single-unit siting. This merit is appreciable for a country 
like Japan which has restricted land available for industrial activities.
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FIG.3. Fukushima region.

(2) Concentrated siting means that the construction cost o f reactors can be 
reduced as compared with that of single-unit siting because the several units 
can have many related facilities in common.
Among those related facilities, transmission facilities are of the most 

importance. A common use of the transmission lines not only means a reduction 
in the cost o f electricity but also saves troublesome work in constructing trans
mission lines, which involves the same difficulties as choosing the reactor site.
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Other facilities used in common and contributing to  the reduction of 
construction cost are harbour facilities, facilities for disposal and storage of 
radioactive solid waste, main control room and associated equipm ent, roads and 
other civil facilities in and around the site.

(3) Looking at cost saving, not only construction cost but also maintenance 
cost can be reduced to some extent because there are a lot o f spare 
com ponents or parts that are used in common.
(4) Another merit of concentrated siting is that engineering skills and 
administrative capabilities can also be concentrated at a site. This means 
better operation, maintenance work and administrative management can be 
expected with concentrated siting.
(5) Other merits of concentrated siting are a common set o f emergency 
measures, improved physical protection and easier disposal of spent fuel, 
an issue which is getting more and more serious.

On the other hand, the major demerits of concentrated siting are as follows.

(1 ) In the case o f concentrated siting individual risk to  the surrounding 
public increases in proportion to  the num ber of reactors, though it is still 
quite small.
As against this, societal risk to  a public remains essentially the same, whether 
the same num ber of reactors are located in one site or scattered over several 
sites.
(2) As regards dependent accidents or sequential accidents which are 
characteristic o f concentrated siting, we have to  consider turbine missile 
accidents or human attack on the plant, which has direct connection with 
physical protection mentioned before.
(3) In normal operation the exposure dose of people around a site with a 
num ber o f reactors is larger than that o f people around a single-unit site. 
Though exposure dose is very small if  the ALARA recommendation is abided 
by, it should be noted that the individual risk of people around increases 
with the num ber o f reactors on one site.
(4) Because o f the large am ount o f electric ou tput concentrated at one site 
in the case o f concentrated siting, an electricity supply failure caused by 
natural phenom ena such as an earthquake or lightning might happen more 
often than is the case with single-reactor siting.
However, in practice, a complete failure in the electricity supply to  the 
public caused by a transmission failure from any particular site would be 
rare in Japan, because Japanese power companies have a rather large am ount 
o f installed capacity and diversity of power plants too, thus, given the supply 
margin they have, supply failure is rare.
(5) The am ount o f thermal pollution increases in proportion to  installed 
capacity. Increased discharge volume might have a stronger impact on 
surrounding environment.
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4.1. Dose assessment in normal operation

It is natural that the dose m ust represent the sum from all the reactors on a 
site when we make dose assessment for the people nearby during normal operation 
of the reactors in the site.

Dose contribution from reactors at other sites is usually negligibly small.
But if we refer to  concentrated siting which, in this case means several sites are 
located rather close together in a particular region, and the dose contribution 
from reactors on other sites reaches a certain level, we should take this into 
consideration for the dose assessment iri normal operation.

It is also natural that ALARA recommendations should be abided by in the 
case of concentrated siting, which means that the dose should be as low as 
reasonably achievable, having regard no t only to  the reactors on one site but also 
to  the dose from other sites as well.

4.2. Safety evaluation for accidents

Because the individual risk for accidents is larger in the case o f concentrated 
siting than tha t o f single-unit siting, we have to  give more careful consideration 
to  and more stringently assess safety-related factors pertaining to  the concen
trated reactors, such as engineered safety facilities, margin o f safety design or 
size o f exclusion area o f the site.

Having regard to  the fact that the societal risk o f concentrated siting can 
remain on the same level as that o f  single-unit siting only when dependent and 
common cause failure o f concentrated reactors does no t occur, it is very im portant 
to  make sure in safety exam ination procedure that such common cause failure or 
a dependent accident cannot indeed take place.

4.3. O ther considerations for concentrated siting

Besides the above considerations pertaining to  normal operation or accidents, 
the author proposes that the following considerations are necessary in evaluating 
the safety of concentrated siting: (a) to  assure the availability o f roads and space 
in cases o f emergency, and (b) to  assure that the necessary num ber o f employees 
are available at a site in order to  cope with accidents including small ones, taking 
into account tha t the num ber of personnel needed per reactor tends to  be 
smaller on a m ulti-unit site.
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5. SOME COMMENTS ON NEW TRENDS IN SITING CRITERIA

Discussion o f the issue o f siting criteria is getting more and more heated in 
line with the increased difficulties o f finding new sites of getting them into opera
tion, and in the light o f recent accidents.

In particular, a new trend of siting philosophy in the USA is worth noting, 
because a lot o f reactors developed in the USA are in operation across the world 
and the USA itself has the biggest num ber of reactors. In short, the USA is the 
most im portant country as far as nuclear power development is concerned.

The USA is now planning to  change its siting policy. NRC has begun to 
emphasize the im portance of remoteness of reactors from the public as a safety 
factor.

Remoteness as a factor in site evaluation, according to  NRC new policy, 
means that distance should not be traded o ff against design features because 
existing siting criteria have resulted in some very unusual design features which 
do no t seem to contribute to  the real protection o f people from severe accidents.

This new policy consequently is going to  stop the use o f dose assessment 
as a site evaluation factor and proposes instead a fixed exclusion distance and 
necessary population density and distribution outside the exclusion area o f the 
site.

This new American siting policy has produced controversy all over the world 
especially in countries holding LWRs which were originally developed in the USA.

Siting criteria as well as o ther safety standards of nuclear reactors o f course 
depend on the policy o f each country which has its own sovereignty. But very 
basic and fundam ental philosophy of safety-related m atters including siting 
should have something in common among all nations of the world, because we 
cannot ignore the fact that there are a lot of the same types o f  reactors across 
many countries. For this reason the IAEA has begun and is still continuing the 
programme of working out international safety standards for nuclear reac to rs, 
including siting. As regards the siting standard, I understand that the IAEA has 
arrived at the following safety philosophy.

The safety o f nuclear power plants that are located on suitable sites can be 
assured through the achievement o f an adequate level of quality in design, 
construction, commissioning, operation and decommissioning. The acceptability 
of a site is closely related to  the design of the proposed nuclear power plant.
From the safety point o f  view a site is acceptable if  there are technical solutions 
to  site-related problems, which gives assurance that the proposed plant can be 
built and operated w ith an acceptably low risk to  the population of the region. 
This philosophy is considered still valid after the TMI accident.
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Abstract

SITE SELECTION IN A DEVELOPING COUNTRY.
Siting criteria and procedures have been evolved over the years in many countries and 

especially in developed countries where nuclear power forms a sizable fraction of the total 
energy production. In the developing countries nuclear power is progressively gaining ground. 
Due to differences in factors such as environmental conditions, data availability, grid 
capabilities, infrastructure etc., siting of nuclear power plants in such regions may pose some 
problems and at the same time offer some advantages. In this paper these have been discussed 
with reference to parameters which play an important role as regards safety. Generally, man- 
induced events and to  a certain extent population distribution considerations represent site 
selection factors relatively easy to evaluate, whereas lack of readily available data for seismic 
evaluation, extreme meteorological phenomena etc., are factors more difficult to  assess.

1. INTRODUCTION

From the point o f view of protecting the public, the siting o f Nuclear Power 
Plants (NPPs) forms an im portant phase in the regulatory programme. Even 
though siting criteria and procedures have been developed in different countries 
to  suit the programmes and situations obtaining in those particular countries, 
there has been some common trend in these criteria and procedures. As a part o f 
nuclear safety standards (NUSS) programme, the International Atomic Energy 
Agency (IAEA) has tried to  identify the considerations involved in the siting of 
NPPs and developed procedures to  arrive at site-related design basis parameters [ 1 ]. 
These are listed in Table I. At the site selection stage, certain inform ation is 
essential to  select candidate sites, and at the site evaluation stage, more 
quantitative data is needed for determining these site-related design basis para
meters. Due to  differences in the environmental factors in different countries, 
certain parameters assume more im portance in some countries than others. 
Availability o f  data regarding some parameters and development o f adequate 
analytical techniques for certain parameters also differ from country to  country. 
This paper attem pts to  show the situation today existing in developing countries 
in comparison w ith tha t for developed countries for some site characteristics 
listed in Table I.

239
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TABLE I. SITE CHARACTERISTICS REQUIRED IN SELECTION AND 
EVALUATION

Site characteristic Selection criterion
Remarks regarding

developed
countries

developing
countries

1. Seismicity Should be away from 
surface fault (8—20 
(8-20 km)

feasible feasible, inadequate 
data

2. Hydrology Away from large 
drinking water 
resources

easily achievable easily achievable

3. Population Away from large 
population centres

feasible feasible

4. Emergency measures 
(evacuation)

- feasible extremely difficult

5. Meteorological data Areas of severe 
cyclones and 
tornadoes to  be 
avoided

in some places 
tornado problems 
exist

tropical cyclones 
are severe

6. Man-induced 
Events

Sites of possible man- 
induced (hazardous 
events (e.g. explosions, 
air crashes) should be 
at least S—10 km 
away

some problems 
exist

more easy

2. MAGNITUDE OF SITING REQUIREMENTS

Present world primary energy consumption is 1.7 X 1020 I [2] and is expected 
to  double in tw o decades even w ith the assumption o f a conservative rate o f  
growth. The developed countries had a per capita energy resources production o f 
6011 kg coal equivalent in 1971 as compared with 347 kg coal equivalent in 
developing countries [3]. This indicates a large potential and need for increasing 
energy production in developing countries. Present nuclear power production 
and the estimated values in the year 2000 AD are given in Table II [2].
It is seen from  Table II tha t in the developing countries, nuclear power currently 
accounts for only about 3.2% o f total world nuclear power production.
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TABLE II. PROJECTED NUCLEAR POWER GENERATION (GW(e)) 
IN VARIOUS REGIONS

Country/Region Area
(million sq.miles)3

Nuclear Power Generation (GW(e)) 
1980 2000

Europe 4.1 5 4 .0 - 61.0 276.3-407.7

USA 3.6 6 2 .3 - 66.3 255.3-395.3

Canada 3.9 6.1 5 2 .0 - 67.0

Japan 0.15 17b 100.0-150.0

Some developing 
countries:

Brazil 3.3 0.63 6 0 .0 -7 0 .0

India 1.3 0.84-1.1 4 .3 -1 0 .3

Korea 0.038 0.60 4 2 .7 -4 8 .4

Finland 0.13 2.20 4 .2 -7 .2

Iran 0.64 1.20 23.0a

Countries with 
centrally planned 
economies 2 3 .0 - 28.0 248.0-447.0

World 57.0 167.4-187.3 1083.6-1651.6

a 1 square mile = 2.59 km2. b Estimated values.

This would reach about 12.4% (additional 128 GW(e)) by 2000 AD even 
under conservative estimates. This rapid increase in tw o decades will call 
for selection o f a large num ber o f  sites. The developing countries constitute 
about 30% o f the world area. On an area basis, the num ber o f  sites required in 
developing countries would be relatively small for these 128 GW(e). However, 
unit size would affect the number, as discussed subsequently.

As the per capita electricity consum ption is very small in m ost o f the 
developing countries, the overall grid capacity may be much smaller than that 
normally encountered in developed countries. For the sm ooth operation and 
m aintenance schedule o f  the power plant, the unit size should be not more than 
8—10% o f the  overall grid capacity. This puts a restriction on the unit size and 
thus affects the num ber o f sites to  be selected.

A nother factor tha t plays an im portant role in siting is public acceptance.
In recent years, there has been increasing apprehension and consequent resistance 
from the public to  nuclear power in developed countries. This has posed
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problems in the selection o f sites in some cases. The situation is, however, 
different in developing countries. Because o f the social and economic benefits 
that are expected to  accrue to  the local population, the people welcome NPPs 
in their neighbourhood.

3. SITING CRITERIA

The problem o f siting o f NPPs has been studied in great detail in various 
countries [1, 4 —8]. In recent years, the IAEA has stipulated various site 
characteristics for siting NPPs (see Table I). The selection criteria for various 
site characteristics are based on the premise that with the current state of 
technology, engineering solutions would not be practicable to  prevent an un
acceptable radiological consequence to  the population in the vicinity of the site. 
Ideally, NPPs should be situated closest to  the load centre, which is generally in 
an industrialized and/or populated zone. On the o ther hand, considerations of 
unacceptable radiological consequences under accident conditions will make 
siting in sparsely populated areas preferable. In practice, these two considerations 
need to  be optimized for a site to  be acceptable from safety and economic 
considerations. In addition, sometimes economic considerations preclude certain 
areas from NPP siting due to  easy and cheap availability o f alternative forms of 
power generation. In the paragraphs below, we discuss the differences that 
may show up in developing countries vis-à-vis developed countries under various 
site parameters.

4. SEISMIC

From seismic considerations it is desirable to  site NPPs at least 8—20 km 
from fault zones [9]. Siting o f NPPs nearer would involve a higher economic 
penalty or may not be technically feasible. Most o f the high seismic intensity 
faults lie on the Pacific belt [10]. While detailed studies for seismic faults have 
been carried out in Japan, California and Alaska (USA) and to  a certain extent 
in Italy, the major seismic faults in South America and South East Asia have not 
been studied in a systematic way. In developing countries, most o f the earth
quake history records may no t be o f good quality. It is quite likely that some 
o f the branched faults may not have been fully identified. For example, Deccan 
Trap in India was till recently considered seismically stable. With the advent 
of the Konya earthquake (1967) subsequent to  the construction o f the Konya 
dam, the opinion that Deccan Trap is a seismically stable area was revised. 
A nother instance o f inadequate data is that a major fault has been postulated in
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TABLE III. RECORD OF HISTORICAL FLOODS FOR SOME 
MAJOR RIVERS

River Country/Region Years of historical floods

Mekong Cambodia, Vietnam

Nile Egypt - Every year

Ganges Indian Subcontinent

Seine France 1658, 1910 (sporadic)

Mississipi USA 1884, 1927, 1937, 1943, 
1947, 1951, 1952

Danube Europe 1342, 1402, 1501, 1830

Brahmaputra Indian Subcontinent 1962, 1969, 1972

Yamuna India 1924, 1956

Yellow River China Four years out of ten

Saurashtra region in India, where a site was investigated for setting up an 
NPP. Because o f  the non-availability o f adequate data on the fault’s existence or 
activity, the site had to  be abandoned.

5. HYDROLOGY

Siting o f  nuclear power plants at inland sites requires estimation o f floods 
at the site due to  heavy precipitation or to  events such as failure o f dams upstream 
o f the site. In Table III the severe flood history for some rivers is given [11, 12]. 
Most o f the river systems in the developed countries have been harnessed almost 
fully, while in developing countries the harnessing is still continuing. However, 
even in the case the basic data required for analysis o f flood estimates are 
available.

6. POPULATION DISTRIBUTION

Population distribution analysis is required to  assess the radiological con
sequences to  the public under normal as well as under accident conditions. The 
basic data for this are available from census information. The average population 
density by continent is given in Table IV [ 13]. It is evident from this table that



TABLE IV. POPULATION DENSITY IN DIFFERENT CONTINENTS

2 4 4  SOMAN

Continent Population
(Millions)

Area
(Million sq.miles)

Population density 
per sq.mile

Asia 2500 17 150

Europe 670 4.1 160

Africa 430 12 37

S. America 190 6.9 27

N. America 310 9.4 34

Australia 14 3.0 4.6

TABLE V. METEOROLOGICAL OBSERVATORIES IN THE WORLD

Country/
Region

Number of 
observatories 
reporting 
per country

Total number of 
observatories 
reporting 
in the region

Number of 
observatories 
reporting 
per 104 sq.mile

Europe 2-591 2836 6.9

Asia 1-815 2459 1.45

Africa 1 -  83 879 0.73

N. America 1-429 943 1.0
S. America 5-223 625 0.9

except for Europe and Asia, the population density varies between 4 and 37 per 
sq. mile. Though the population density in Europe (160 per sq. mile) and 
Asia (150 per sq. mile) are not significantly different, one should note that the 
urban population constitutes 40—87% of the total in Western Europe whereas the 
urban population in developing countries o f Asia varies from 9—48%. This lower 
urban population in developing countries has the effect o f  increasing the average 
rural population density. The mean distance between urban centres would be 
larger, making NPP siting easier. From the consideration o f population-siting 
criteria, it is easy to  find sites in developing countries sufficiently far away from 
large population centres but at the same time the overall population within 
1 0 -1 5  km from the site may be larger than in developed countries. A problem 
in some o f the developing countries is the inadequacy or non-availability o f the 
census data as is the case in countries like Ethiopia, Afghanistan, N. Korea,
Oman and Qatar [14].
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The principle o f protection o f the public by establishing an exclusion area 
around the site is common to some countries even though the application of 
this principle differs somewhat from country to  country. In India, we have 
adopted an exclusion distance o f one mile, within which no residence is allowed, 
whereas in the UK a few houses may be allowed even close to  the site. In some 
other countries there is rethinking of this exclusion distance concept to  make it 
m andatory to  establish a minimum exclusion distance o f 0.5 mile with a 
possibility o f increasing it to  one mile including over water (where it is usually 
impossible to  interdict access) to  provide significant additional protection against 
class-9 accidents [15].

7. EMERGENCY MEASURES

Under accident conditions, emergency measures may have to  be imposed 
around the site which may include consideration o f evacuation from the 
immediate vicinity. In developed countries, the comm unication and transport
ation netw ork is generally o f a high standard and can be regarded as a planning 
asset as regards emergency measures. The situation is quite different in developing 
countries, where because of the lack of an adequate com m unication and transport
ation netw ork and also in view o f the level of public education in the rural 
population, it would not be wise to  depend heavily on evacuation measures. In 
view o f the formidable problems associated with emergency evacuation in 
developing countries, it is prudent to  achieve reduction o f radiological con
sequences to  the public through reliable engineered safeguards and containm ent 
and having stricter population distribution requirements.

8. METEOROLOGY DATA

Meteorological inform ation is required to  assess the atmospheric dispersion 
and transportation processes at the site as well as for evaluation o f  extreme 
events. At the site screening stage, data from a nearby station can be used. The 
density o f meteorological stations in developed countries is considerably higher 
(6.9 per 104 sq. mile) than in the developing regions o f  Asia and Africa (1.45 
and 0.73 per 104 sq. mile respectively) as can be seen from Table V [16] 
which gives the density o f the reportable meteorological observations in different 
regions. Of the to tal num ber o f observatories given in Table V those that are 
continuously recording may form only a small percentage. For example, in 
India, out o f the 468, only about 50 are continuous recording stations. Though 
data at these stations is available for a long period (more than 50 years), in view 
o f the greater distances between the stations, uncertainties in the meteorological
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parameters used in the preliminary evaluation o f the site may be greater. For a 
final evaluation it is necessary to  generate at least one year o f on-site data. This 
may pose a problem in developing countries due to  the inadequate infrastructure. 
Data on severe migrating events such as tornadoes and tropical cyclones for 
which NPPs have to  be designed are also im portant. Of particular importance 
to  developing countries is the tropical cyclone. Due to  scarcity o f  data on 
different parameters o f such events, these may not have been analysed in 
depth.

9. MAN-INDUCED EVENTS

One of the im portant safety requirements of siting NPPs is to  assess the 
potential for external man-induced events (aircraft crashes, chemical explosions 
etc.) in the region which may induce off-site radiological consequences from 
the plant. A cursory exam ination o f the available statistical data [17, 18, 19] 
shows tha t the num ber o f chemical plants and airports in a typical developing 
country, India (620 and 85 respectively), are considerably smaller than in a 
developed country, the USA (19479 and 13062 respectively). Thus, from this 
point o f view it is easier to  find sites in developing countries farther from such 
sources than the screening distance applicable to  these phenomena.

10. INFRASTRUCTURE

The industrial development in developed countries is generally compatible 
with tha t o f  the status o f nuclear technology. The construction, operation and 
m aintenance o f a NPP, therefore, can be carried out through the infrastructure 
already available, say, by sub-contracting. The developing countries because of 
their economy often purchase NPPs on a turnkey basis. Under this system, site 
analysis, construction and commissioning are carried out by the vendor. The 
vendor also plans the operation and maintenance o f the NPT. It is necessary that 
these plans take cognizance o f  the paucity o f local infrastructures and create 
if  needed a suitable infrastructure geared to  the needs o f the NPP.

11. CONCLUDING REMARKS

It is seen from  the above discussion that there are some advantages in 
selecting sites for NPPs in a developing country. At the same time some pro
blems have to  be faced mainly in areas such as data availability, infrastructure, 
grid capacity.
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INTRODUCTION

The objective o f the panel was to  discuss only those aspects of nuclear power 
plant siting tha t pertain to  population distribution around the plants. The 
discussion consisted o f tw o main parts:

(1) A presentation o f practices adopted by Member States for evaluating 
population distribution around nuclear power plants

(2) Discussion o f possible bases for setting criteria for population 
distribution. These include:

Feasibility o f emergency planning

Limitations based solely on the num ber o f people within given 
distances from  the plant

Risk assessment.

The panel concluded w ith a brief discussion o f specific safety features for 
plants located in densely populated areas.

1. CURRENT SITING PRACTICES

1.1. USA

The panel started with a presentation of the history o f USA practice in 
siting.

24 9
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Siting based on accident dose calculation

In 1962, the USA issued regulations on the siting o f nuclear power plants. 
With respect to  population distribution, these regulations provided that plant 
safety features should be considered jointly  w ith the distance of people from the 
plant. In practice the regulatory commission based its siting decisions for each 
plant on dose calculation for certain reference accidents. These criteria are still 
in effect. During this period the now-familiar concepts o f exclusion areas, low- 
population density areas, and distance from population centre, all representing 
plant safety features, were developed and used.

Alternative site concepts

In 1970, the concept o f alternative sites was added. Under this concept 
a cost-benefit methodology is used to  compare alternative sites (at least three are 
required) and to  dem onstrate tha t the one selected is the most suitable in the 
region.

In 1980, new criteria to  be used in preparing the environmental report 
were developed. The study o f alternative sites was greatly expanded, and the 
region o f interest within which the search for suitable sites had to  be carried out 
was b etter defined.

The NRC then proposed — in an Advanced Notice o f  Rulemaking, which 
was issued for public comment in July 1980 — that site criteria should be based 
on remoteness o f location, independent o f the plant’s safety features. Under 
this proposal, the concept of an acceptable dose for reference accidents is 
eliminated. The proposed criteria include a fixed exclusion area size, and set 
the following population limits:

Distance from  plant Num ber o f  inhabitants

0— 5 miles no more than 100 per mile
0— 10 miles no more than 150 per mile
0—30 miles no more than 400 per mile

Members o f the  panel expressed their disagreement with this proposal, 
which had also generated opposition in the USA. The opinion was expressed 
tha t these criteria are no t required to  ensure safety, and may be counter
productive because they reduce the incentive to  improve safety features.

A com bination o f methodologies which includes plant safety features, 
emergency planning, and the study of alternative sites represents a more suitable 
approach. New criteria for siting will not solve the problem; clear goals for 
safety are needed.
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1.2. The USSR

USSR policy sets an exclusion zone, similar to  tha t set by the USA, around 
any plant where a dose rate higher than the maximum allowable one is envisaged. 
Within this area, which for a 1000 MW(e) reactor is a radius o f  3 km, no 
inhabitants are perm itted. The next zone is an observation zone (the low- 
population zone in USA terminology) where, under accident conditions, it is 
possible that the population will receive a dose higher than the maximum 
perm itted. In this zone agricultural production is monitored. The criterion for 
dose calculation within this zone is that if  an accident were to  occur individuals 
would receive an exposure o f no more than 30 rem s1 to  the thyroid, and no 
more than 10 rems to  other organs.

The plant site must also be at least 25 km distant from any city o f 
more than 300 000 inhabitants. More stringent requirements are established for 
cities o f over 1 million inhabitants.

1.3. Czechoslovakia

Czechoslovakia is a highly populated area, with a virtually uniform 
population density o f 130 inhabitants per square kilometre. There are few towns 
with more than 2000 inhabitants. Czechoslovakian population figures are stored 
in a com puter memory which can give for every point the population distribution 
per circle and sector, and an extrapolation of the population increase anticipated 
within 20—30 years.

Nuclear policy is based on the use o f USSR 440- and 1000-MW(e) reactor 
types. By 1990 there will be 14 units in operation, located on four sites. In 
1977 a plan was developed to  prepare a bank o f sites for use until the year 2010. 
The sites were selected by systematic analysis which involved the whole territory, 
taking into account appropriate criteria for evaluating the suitability o f physical 
characteristics o f the sites and o f the population distribution.

The evaluation o f the  suitability factor for population is based on the concept 
o f  a standard collective dose. This dose, on the basis o f  a unit release, is 
calculated per circle and per sector, for normal operation with average atmospheric 
dispersion conditions, and for accidents under worst atmospheric dispersion 
conditions. Sites are then compared on the basis o f the following priorities:

(1) Maximum collective dose per sector in accident conditions
(2) Summation of all sector doses in accident conditions
(3) Summation o f yearly collective doses in all sectors for normal 

operation.

1 100 rem =  1 Sv.
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This is a concept developed in the IAEA guide 50-SG-S4 on population 
distribution. With the use o f computer-stored data, a good site survey for 
population distribution may be performed.

1.4. Italy

In 1975 a law was passed which required that a map be prepared o f all the 
possible nuclear plant sites throughout Italy. For the purposes o f this survey, a 
methodology was defined. Its criteria concerning population distribution were 
based on crude numbers limiting:

(1 ) The population density around the sites
(2) The population per sector
(3) The distance from population centres.

To implement the first two concepts, a site population factor was used in 
which population numbers were weighted with a function of the distance. For 
population density around the site, the weighting factor was brought to  zero at 
20 km. In the analysis per sector the calculation was extended to 50 km.

Minimum distances from urban centres o f population were set at 10 km 
for 20 000-inhabitant centres, and 20 km for 100 000-inhabitant centres. In 
addition, an exclusion zone of 1 km, and an area o f 3 km radius where 
emergency planning is facilitated, were required. Applying these criteria together 
with others related to  seismology, water availability, and suitable morphology,
50 potential sites were selected, o f which probably 25 will survive a more 
detailed analysis and be considered as candidate sites. It is im portant to  note, 
however, that these criteria based on crude numbers are not considered suitable 
for evaluating individual sites.

2. CRITERIA AND CRITIQUES

2.1. Critique of the USA criteria

A substantial part o f the discussion was devoted to  an analysis o f the impact 
o f the philosophy behind the new USA criteria. If these criteria were applied to 
the 84 power reactor sites in the USA, 49 would not meet the requirements. 
Some persons argue that the criteria should be applicable only to sites 
approved after the date when the regulation goes into effect. However, if the 
old sites are unacceptable on the basis of the new criteria, it is possible that the 
public would request that plants on those sites should automatically be shut 
down. This surely cannot be considered a good bargain between safety and cost; 
the little benefit that distance may give does not warrant this enormous cost.
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The change in policy related to  these criteria was proposed because 
protection with distance was considered to  be a passive feature which would 
always work. But, said one panel member, does this mean that we have doubts 
about all the plant safety features? If so, then this is a clear expression o f distrust 
in the designer.

The reliability o f ensuring safety through the distance of people from the 
plant was also discussed. It was stated that distance does not provide 100% 
reliability. As a m atter of fact:

(1) For direct radiation exposure from the plant, the reliability is 100% 
only if the location of a person is considered fixed.

(2) For exposure related to  the release of effluents under accident 
conditions, the reliability is no t very high, even if  the location o f a 
person is considered to  be fixed, because exposure will depend on the 
meteorological dispersion, which varies at random, depending on 
atmospheric conditions.

(3) Moreover, for b o th  types of exposures, the location of a person cannot 
be considered as fixed; a person can move, and this is an im portant 
consideration, at least outside the exclusion area.

What is more im portant, however, is that criteria based on distance and 
num ber of people do not offer protection for every individuál. There will always 
be people near the plant who are outside the exclusion zone. For a short time 
after the accident, they will be protected only by the plant safety features. It is 
the risk assessment which ensures that this protection exists, through the 
calculation o f doses, mitigated by the plant safety features in case o f accidents. 
This methodology ensures that bo th  individual and societal risks are within 
acceptable limits. Criteria based solely on distance and num ber o f people are 
insufficient, not because they are too stringent or too  difficult to  apply, bu t 
because they are not intrinsically good independent parameters for ensuring safety. 
They cannot replace a complete analysis o f the risk, which must include all 
factors that prevent or mitigate the accident. The emphasis given to  the last 
passive barrier o f distance may be only psychological.

Some positive aspects o f criteria based on distance were then pointed out by 
some panel members. They have frequently been used for site surveys 
(systematic analysis o f territory for selecting the best location o f nuclear power 
plants in a country). However, this does not justify their adoption for evaluating 
the acceptability of a particular site for a plant.

2.2. Regional safety criteria versus uniform  universal safety criteria

Some approaches that have recently been presented are based on regionaliza
tion, i.e. the possibility o f establishing different levels o f safety depending on the
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characteristics o f the region and its need for nuclear power. This concept drew 
criticism from participants. The categorization o f regions by a demographic 
param eter was termed a ‘bankrupt concept’, since all people want to  be 
protected at the same level. As one panel member pointed out, differentiation 
between regions in a country, and between countries, is a concept which has no 
merit in this world whose regions at present are more and more interconnected 
for so many different aspects. Moreover, the risk to  individuals near plants 
anywhere in the world should be reasonably homogeneous. This is a goal. How 
can the problem of trans-frontier safety be solved if there is no t sufficient 
uniform ity in the risk from country to  country?

2.3. The comprehensive safety goal

What is missing at this mom ent is a safety philosophy which identifies a 
comprehensive safety goal, said one of the panel members. He stated that this 
safety goal should include all three concepts:

(1) Distance/number of people criteria
(2) Plant safety features
(3) Emergency plan feasibility.

The contribution of each of these factors may be different for different 
plant/site combinations, but the resulting level o f safety achieved with use o f all 
three should be the same.

This new concept should be developed internationally. If the regulatory 
body of a country that has many power reactors says suddenly, w ithout 
consulting with o ther nations, that plant safety features cannot be considered in 
siting, then there will be problems.

2.4. Critique of the global safety goal concept

Some criticism was expressed concerning this comprehensive goal concept. 
It was observed that its three concepts are not independent. There is a linkage 
between the criterion of distance — num ber of people and that of emergency 
plan feasibility. Emergency planning becomes less feasible as the num ber of 
people involved increases. There are also different levels of uncertainty in the 
evaluation of the safety merits o f each of these aspects. The objection was 
also raised was that it is not simple to visualize compensating for unfavourable 
population distribution characteristics by including additional plant safety 
features, since each designer will try  to  build the safest possible plant 
at any given site, independent of population distribution. It is difficult to 
conceive that any reactor would be built with less effective plant safety features 
simply because there are fewer people near it.
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It was pointed out that, for plant and site combinations existing in Europe, 
the residual risk characteristics are all about the same, so that in practice all 
European plant site combinations are selected to  be as safe as reasonably 
achievable. This means that the best site in the region is selected first, and the 
best plant is built there. Safety may, o f course, be enhanced by rem ote siting, 
but too much importance has been attributed to  remoteness, perhaps because 
among the emergency measures, the mitigation of consequences of accidents by 
evacuating people has received too much emphasis. O ther actions are possible in 
an emergency -  taking tem porary shelter for instance — and for people located a 
few kilometres away from the plant, these actions may even be preferable. This 
should be further examined. Development of a behavioural guide for people in 
a nuclear power plant emergency could also be an im portant contribution to 
safety.

It was pointed out tha t use of plant safety features results in a risk to  any 
one individual that is very low. Thus, as far as individual risk is concerned, the 
other two aspects — distance and emergency planning — only reduce the risk 
from an already low probability to a still lower one. Those aspects, however, 
play a major role in reducing the societal risk.

2.5. Need for having a unified level o f safety all over the world

The concept of a uniform level of safety and the alternative o f a cost- 
benefit approach were also discussed. A country which lacks resources and 
has a very urgent need for nuclear power may need to  accept situations that a 
country with greater access to  resources would refuse. This, in simple terms, 
may be what a cost-benefit analysis would indicate. A cost-benefit balance 
could present a logical solution even if  there are complications associated with 
that solution. The cost-benefit concept is, however, subject to  criticism because 
it deals with the population as a whole and not with individuals. It is too 
theoretical, too difficult, and too  cold for a subject which is red-hot with 
controversy and permeated with unfavourable reactions from the public.

2.6. Urban siting

The concept of building nuclear power plants in densely populated areas 
was discussed briefly. In one country a district heating nuclear power plant is 
being built 2 km away from a town. To establish the level of safety for this plant, 
the concept of limiting the collective dose for normal conditions and potential 
accidents was used. The plant is very simple, it is intrinsically safe because of the 
low tem perature of the fuel and other design features, and it is protected with 
plant safety features. This type of plant would no t be economical for producing 
electrical power and offers a classical example o f the aims o f the comprehensive
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safety goal approach -  unfavourable population distribution, but extremely 
enhanced plant safety features.

3. SUMMARY

The practices o f Member States regarding population distribution around 
nuclear plants have varied according to the range of possibilities available in their 
regions. In some regions where there is a large variation in population density, 
rem ote sites are selected, with relatively large exclusion areas; bu t where the 
region has a uniformly high population density, sites in populated areas have 
been selected.

As an additional element for safety, an emergency plan is considered 
essential. However, measures other than evacuation have to  be considered (plans 
for taking shelter, distributing iodine tablets, etc.).

The panel agreed that safety could not be achieved by simply setting 
limitations on the num ber of people perm itted within a given distance from a 
plant. Consideration must also be given to  plant safety features that mitigate the 
consequences of accidents. These features play a fundamental role in determining 
the acceptability of population distribution around a site.

Risk analysis, rather than the cost-benefit concept, was considered the right 
philosophy to  follow. The risk can be reduced by various means:

( 1 ) Preventing the accident
This can be done only up to a certain point, because unexpected 
sequences o f events, operator failure, sabotage, common mode failure, 
and unexpected com ponent failures can occur.

(2) Mitigating the consequences by interposing distance between plant and 
people
Although many experts consider the distance factor to  be absolutely 
reliable, it has also some limitations. The critical dose to individuals 
and to  population as a whole, which is the most im portant factor, 
changes with atmospheric conditions. Moreover, the factor of 
distance will not mitigate the individual risk to the few persons who, 
perm anently or only occasionally, will be very near the plant.

(3) Mitigating the consequences with safety features
The plant safety features are designed to  mitigate not only the risk to 
the population as a whole, but also the risks to  individuals.

(4) Mitigating the consequences by using a carefully prepared emergency 
plan
This represents a further reduction o f the residual risk.

It can be foreseen that the future approach to  siting may be based on setting 
a common safety goal that must be achieved by each plant. The world requires
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global solutions, and therefore a uniform level of safety will be necessary. With 
this concept in mind, each country can also take into account local considerations. 
As an example o f this philosophy adopted now in a Member State, a district 
heating plant was cited. This plant, located in a densely populated area, meets 
the overall safety goal through use of advanced safety features (low tem perature 
of the fuel and natural circulation for the removal of the decay heat) that can 
compensate for the lack o f distance from population.

As a possible solution to siting problems, a member of the panel proposed 
the approach o f establishing the criterion of a required constant total for the 
three basic factors contributing to safety — distance, plant safety features, and 
emergency plan feasibility. The IAEA would bring together experts from the 
nuclear regulating bodies of various countries to  develop general safety criteria 
based on these factors, and then urge the use of these criteria so as to  achieve a 
reasonable uniform ity of safety levels.
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Abstract-Аннотация

DEVELOPMENT OF A SAFETY APPROACH FOR A SOVIET NUCLEAR POWER 
PROGRAMME OF INCREASED SIZE AND WIDER SCOPE.

The development of nuclear power in the USSR at the beginning of the 1980s has two 
main features. The first is a steadily-increasing upward trend in the capacities of nuclear power 
stations in the European part of the USSR mainly on the basis of thermal reactors of the water- 
cooled, water-moderated type (WWR) and the water-cooled, graphite-moderated channel-type 
(RBMK). The second feature is the search for new applications of nuclear power, first and 
foremost for domestic and industrial heat production. The corner-stone of safety is to combine 
specifications for the quality of the manufacture and operation of station plant and systems 
with technical and organizational systems for preventing and diminishing the harmful con
sequences of possible disruptions in operation. The contribution made by each of these aspects 
of nuclear power station safety systems may differ in the case of plants designed for different 
purposes, depending on the place they occupy in the country’s nuclear power programme.
One im portant factor is the geographical location of plants; when nuclear power stations are 
situated near large towns or in areas of high population density, the scope of the technical 
systems for preventing the consequences of accidents at the plant from affecting the environ
ment should be broadened. Efforts to use nuclear power for domestic or industrial heat 
production in single- or dual-purpose plants have made it necessary to study the characteristic 
features of their utilization, such as the need to construct plants near large towns and to link 
the power station and the consumer by means of a heat-supply network. Additional technical 
safety systems for nuclear heat-producing plants are designed to neutralize the effects of 
serious internal and external events, such as loss of the integrity of even the largest pressure 
vessels, the crash of an aircraft into the plant, explosions in neighbouring facilities, and so on.
A number of specifications for the system of heat transfer through intermediate circuits at the 
plant have also been put forward to prevent radioactive fission products from reaching the 
consumer.
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РАЗВИТИЕ ПОДХОДА К РЕШЕНИЮ ВОПРОСОВ БЕЗОПАСНОСТИ АТОМНЫХ ИСТОЧНИКОВ 
ЭНЕРГОСНАБЖЕНИЯ В СССР В СВЯЗИ С РАСШИРЕНИЕМ МАСШТАБА И ОБЛАСТИ ИХ 
ПРИМЕНЕНИЯ.

Развитие атомной энергетики в СССР на рубеже восьмидесятых годов характеризуется 
двум я основными моментами. Первый — это дальнейшее последовательное наращивание мощ
ностей атомных электростанций в Европейской части СССР, главным образом, за счет реакторов 
на тепловых нейтронах типа ВВЭР и РБМК. Второй момент -  это поиски новых областей приме
нения атомной энергии, в первую очередь, для бытового и промышленного теплоснабжения. 
Основой безопасности является сочетание требований к  качеству изготовления и эксплуатации 
оборудования и систем станции, обеспечения системы технических средств и системы организа
ционных мер, направленных на предотвращение и уменьшение вредных последствий от возмож
ных нарушений в ее работе. Вклад каждого из этих составляющих элементов безопасности 
атомных станций может быть различным для реакторов различного назначения в зависимости 
от их места в программе развития атомной энергетики страны. Одним из важных факторов 
является территориальное размещение станций. Приближение мест расположения АЭС к крупным 
городам, в зоны с повышенной плотностью населения сопровождается усилением технических 
средств предотвращения аварийных воздействий станции на окружение. Поиски путей применения 
атомных станций для бытового или промышленного теплоснабжения в одноцелевых или двух
целевых установках потребовали исследовать характерные особенности такого применения: 
приближение к  крупным городам и связь между атомной станцией и потребителем через сетевой 
теплоноситель. Дополнительные технические меры безопасности для атомных станций теплосна
бжения направлены на нейтрализацию таких крупных и внешних воздействий на станцию, как 
потеря герметичности наиболее крупных сосудов давления, падение самолета на станцию, взрывы 
на соседних предприятиях и т. п. Сформулирован также ряд требований к  системе передачи тепла 
через промежуточные контуры на станции, чтобы исключить проникновение радиоактивных про
дуктов к  потребителю.

1. ВВЕДЕНИЕ

Развитие атомной энергетики в СССР на рубеже восьмидесятых годов характе
ризуется двумя основными моментами. Первый — это дальнейшее последовательное 
наращивание мощностей атомных электростанций в наиболее заселенной и промыш
ленно развитой Европейской части СССР. Это происходит главным образом за счет 
реакторов на тепловых нейтронах — корпусных водо-водяных, типа ВВЭР, и каналь
ных уран-графитовых, типа РБМ К. Второй момент — это поиски новых областей 
применения атомной энергии, в первую очередь, для бытового и промышленного 
теплоснабжения. Здесь исследования ведутся по реакторам различных типов, и пер
выми шагами в этом направлении является строительство головных блоков атомных 
станций теплоснабжения с реакторами водо-водяного типа в непосредственной близо
сти от таких крупных городов,’ к а к  Горький и Воронеж.

Крупномасштабное строительство АЭС и планирование их размещения при уро
вне мощностей в несколько десятков ГВт(эл.) в последующие 10-15 лет привело к  
внедрению определенного подхода к  решению вопросов безопасности при сооружении 
этих станций. Этот подход отличается от подхода к  обеспечению безопасности опыт- 
но-промышленных АЭС первого поколения [1 ] .  Разработка атомных станций для
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бытового и промышленного теплоснабжения в силу специфики их расположения и 
назначения обусловила дальнейшее развитие концепций, связанных с их внедрением, 
которые логически были связаны с требованиями по обеспечению безопасности для АЭС.

Разрабатываемые долгосрочные прогнозы развития атомной энергетики к а к  со
ставной части прогнозируемого топливно-энергетического баланса страны на далекую 
перспективу в целом по стране, и в частности для Европейской части, ставит вопрос 
об ’’экологической емкости” Европейской части страны по отношению к  атомным 
станциям, т.е. о предельно допустимых мощностях атомных станций, которые могут 
быть размещены на этой территории, где вопросы радиационной безопасности иг
рают центральную роль, без нежелательного экологического воздействия. Решение 
задачи в такой постановке на качественно новом уровне мощностей атомной энерге
тики сможет также потребовать в будущем дополнительного пересмотра подхода к  
обеспечению безопасности атомных станций.

2. ОСНОВНЫЕ НАПРАВЛЕНИЯ ОБЕСПЕЧЕНИЯ БЕЗО ПАСНО СТИ И  И Х  РАЗВИТИЕ

В докладе [1] были освещены основные пути и способы решения вопросов 
безопасности атомных станций в СССР, которые кратко можно сформулировать 
следующим образом:

1) обеспечение высокого качества изготовления и монтажа оборудования;
2) контроль состояния оборудования на всех этапах его эксплуатации;
3) разработка и реализация эффективных технических защитных средств для 

предотвращения возникновения аварий, компенсации возникающих нарушений и 
уменьшения их последствий;

4) разработка и реализация средств локализации радиоактивных веществ в случае 
аварии;

5) последовательное осуществление всех технических и организационных мер по 
обеспечению безопасности на всех этапах сооружения и эксплуатации атомных 
станций;

6) нормирование технических и организационных аспектов обеспечения 
безопасности;

7) система государственного надзора за безопасностью атомных станций.
Большинство из сформулированных выше положений подробно обсуждалось

в [1 ] .  Ниже мы остановимся на них под углом зрения имевших место или намечаю
щихся изменений в свете накопленного опыта и отмеченных выше новых условий 
развития атомной энергетики.

2.1. Качество оборудования и система обеспечения качества

Хотя этому фактору безопасности уделялось особое внимание уже на начальном 
этапе создания первых АЭС, накопленный опыт их сооружения и эксплуатации под-
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сказывает дальнейшие шаги в этом направлении, к а к  технического, так и организа
ционного плана. Рост темпов ввода атомных станций потребовал наряду с развитием 
специализированных на атомном машиностроении заводов привлечения к  изготовле
нию оборудования заводов других отраслей. Разработанная одним из органов надзора 
за безопасностью атомных станций в СССР (Госгортехнадзор СССР) система аттестации 
заводов позволяет обеспечить участие в изготовлении оборудования только таких  
заводов, которые удовлетворяют необходимым требованиям к  технологии, обору
дованию, квалификации персонала и т.п. Установленная сеть региональных и внутри
заводских независимых инспекторов упомянутого органа надзора позволяет осуще
ствлять контроль за качеством непосредственно в процессе производства оборудо
вания. Созданные межведомственные приемочные инспекции обладают правом кон
троля за качеством оборудования при изготовлении и поставке его заказчику.

За последние годы создана и начала действовать под эгидой Министерства энер
гетики и электрификации СССР (основного заказчика атомных электростанций) 
система сбора и обработки информации о нарушениях и отказах оборудования на всех 
атомных станциях СССР. Предполагается распространить ее и на атомные станции, 
поставляемые СССР за границу. Налаживаемая в настоящее время обратная связь 
между эксплуатирующей организацией я изготовителями оборудования позволяет 
определенным способом воздействовать на изготовителя оборудования к а к  в плане 
выявления дефектных узлов, способных стать причиной развития аварий, так и в плане 
повышения общих требований к  надежности оборудования в рамках развиваемого 
количественно-вероятностного подхода к  обеспечению безопасности АЭС.

Сложившаяся в СССР общегосударственная система контроля, инспекций, стан
дартизации и т.п. по различным направлениям деятельности, не связанной со специфи
кой  атомной энергетики, естественно распространяется и на атомную энергетику. Эта 
система регулирует и контролирует многие аспекты деятельности общего характера, 
определяющей качество проводимых работ. Специальные органы надзора за атомной 
энергетикой, рассмотренные в [ 1 ] ,  регулируют и контролируют деятельность в специ
фических для атомной энергетики вопросах.

В распространенной мировой практике этот вид деятельности охватывается поня
тием ’’обеспечение качества” , ка к  это зафиксировано в своде положений М А ГАТЭ  [2]. 
В силу конкретных, особенностей общегосударственного устройства и способа упра
вления предприятиями страны организация указанного вида деятельности в СССР 
существенно отличается от изложенного в [2 ] ,  сохраняя по существу свою направ
ленность и элементы.

Основным моментом установившегося в распространенной практике понятия 
’’обеспечение качества” является наделение заказчика (эксплуатирующей организации) 
правом и обязанностью организовывать и осуществлять контроль практически в пол
ном объеме за качеством оборудования и услуг в период сооружения и эксплуатации 
атомной станции при снижении объема контроля за поставщиками оборудования и 
услуг со стороны регулирующего органа (органа надзора) . Для организации деятель
ности от заказчика требуется составление программы обеспечения качества с плани
рованием всех видов деятельности.
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Основное отличие подхода в СССР состоит в том, что заказчик выступает лишь 
к а к  одно из звеньев государственной системы контроля. Организация деятельности, 
связанной с обеспечением качества, определяется в основном общегосударственными 
и отраслевыми стандартами и нормативно-технической документацией органов надзора, 
выполнение которых обязательно для всех предприятий и организаций страны. Заказ
чик атомных станций (Минэнерго СССР) осуществляет функцию контроля обеспечения 
качества через согласование проектов, участие в межведомственных комиссиях по 
приему оборудования и систем после монтажа, осуществление входного контроля 
оборудования на площадке атомной станции. Организация обеспечения качества в 
СССР реализуется по каналам управления и взаимоотношения между различными 
государственными органами и предприятиями ка к  по вертикали, так и по горизонтали.

Вместе с тем, учитывая возрастающий масштаб подобной деятельности, в насто
ящее время изучается вопрос о целесообразности создания программы обеспечения 
качества к а к  самостоятельной части проекта каждой атомной станции, придав ей со
ответствующую направленность и определив ее объем в соответствии с национальными 
условиями. При этом естественно сохранится различие между этой программой и 
программой, типа изложенной в [3 ].

2.2 . Контроль во время эксплуатации

По данному аспекту можно отметить два момента. Первый — это внедрение 
положения о том, что о контроле и инспекции оборудования атомной станции необ
ходимо думать при ее проектировании, т.е. предусмотреть доступ для инспекций, 
уменьшить трудности их проведения и обеспечить качество контроля с помощью осво
енных на сегодняшний день методов. Эта тенденция нашла свое отражение на ранней 
стадии массового строительства АЭС в начале семидесятых годов и сейчас она выра
жается в создании нормативно-технических требований для всех важных для безопа
сности элементов оборудования, состояние которых не может контролироваться 
дистанционно и непрерывно и к  которым требуется доступ обслуживающего персо
нала во время планово-производственного ремонта. Выработка научно обоснованных 
интервалов между инспекциями для каждого класса оборудования является составной 
частью этой проблемы, которая в настоящее время находится в стадии решения.

Второй момент — это дальнейшее направление усилий на разработку непрерыв
ного или квазинепрерывного контроля работающего оборудования (с учетом акусти
ческих и нейтронных шумов, волн напряжения и т .п .) . Разработка и внедрение таких  
методов в полном объеме позволят перейти на качественно новый уровень контроля 
во время эксплуатации и возможно приведет к  пересмотру установившегося на сего
дняшний день набора учитываемых в проекте атомной станции нарушений оборудования.

Контроль оборудования во время эксплуатации и восстановление высокого ка
чества на основании результатов контроля рассматривается к а к  путь непрерывного 
повышения технической безопасности станции любого поколения. Этот фактор в 
настоящее время играет свою роль для станций первого поколения, защищенность
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которых техническими средствами от нарушений оборудования меньше, чем на стан
циях нынешнего поколения. Увеличенный объем контроля для этих станций доступ
ными средствами, возможно даже за счет снижения выработки энергии и снижения 
коэффициента использования станции, явится одним из факторов, который приведет 
к  повышению уровня их безопасности.

2.3. Защитные и локализующие системы

Здесь также есть два различных момента. Первый — от чего защищаться (против 
каки х  внутренних и внешних нарушений следует предусматривать в проекте техни
ческие защитные средства и соответствующие локализующие системы) ? Эволюция 
этого вопроса на различных этапах сооружения АЭС в СССР с ее обоснованием изло
жена достаточно подробно в работе [1 ] .  Действующий с 1973 года основной норма
тивный документ по безопасности ’’Общие положения обеспечения безопасности 
атомных электростанций при проектировании, строительстве и эксплуатации” декла
рирует в качестве максимальной проектной аварии мгновенный поперечный разрыв 
трубопровода максимального диаметра и требует учета всех природных явлений, 
присущих данной площадке. Учет внешних явлений, связанных с деятельностью че
ловека (взрывы на соседних промышленных предприятиях и транспорте, падение 
самолета и т .п . ) , для АЭС в обязательном порядке не регламентируется, и эти вопро
сы решаются путем выбора площадки, исключающего возможность указанных воздей
ствий.

Вопрос о распространении требований этого документа на АЭС первого поколе
ния, которые создавались по другим требованиям и оснащенность которых техниче
скими средствами, противодействующими внутренним нарушениям, меньше [1 ],  
решается в каждом конкретном случае отдельно (продолжение эксплуатации либо 
модернизация) в зависимости от местных условий и разработанных способов модер
низации.

Для будущих станций бытового и промышленного теплоснабжения расширен 
спектр учитываемых в проекте внутренних и внешних нарушений, что специально 
рассматривается ниже.

Второй момент, на котором следует остановиться, -  это выбор и обоснование 
закладываемых в защитные и локализующие системы технических решений, гаран
тирующих выполнение этими системами заданных функций при постулируемых ава
риях. Здесь еще имеется много проблем, требующих дальнейшего изучения (свя
занных с гидродинамикой двухфазных потоков, поведением тепловыделяющих эле
ментов, выходом радиоактивных продуктов и т .п . ) . Наряду с проводимыми иссле
дованиями на существующих установках планируется и сооружается ряд новых экс
периментальных баз и стендов, в том числе совместно с ПНР экспериментальная петля 
на исследовательском реакторе ’’Мария” для исследования поведения топлива в ава
рийных режимах с разгерметизацией первого контура.

Особо следует остановиться на конструкции локализующих систем. Начиная с 
самых первых проектных решений ядерных энергетических установок, оборудование
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первого контура, которое при его повреждении может стать источником распростра
нения радиоактивности, размещается в герметичных помещениях, выполняющих ф унк
цию локализации при возможных авариях. Для реакторов типа ВВЭР и Р Б М К  поме
щения локализации выполнены в виде герметичных боксов с системами снижения 
давления, которое повышается при разрыве первого парового контура (спринклер- 
ными или барботажными) . Они выполняют при принятых проектных авариях с раз
рывом контура те же функции, что и защитная оболочка (удержание радиоактивного 
пара, снижение давления, улавливание радиоактивных продуктов), и обеспечивают 
допустимый выход радиоактивности за пределы станции.

Оптимальная конструкция локализующих помещений зависит от типа реак
торной установки и может претерпевать изменения при различном масштабе рас
сматриваемых проектных аварий. Различные проектные решения локализующих 
помещений для ВВЭР при различных величинах разрыва первого контура подробно 
рассмотрены в работах [ 1 , 3 ] .  Достоинство боксовой конструкции локализующих 
помещений — возможность обслуживания реакторного зала даже при максимальной 
проектной аварии. Для реакторов типа РБ М К характерным является размещение 
различного оборудования в различных герметичных помещениях.

Различные конструктивные решения локализующих систем зависят также от 
принимаемого давления истекающего при разрыве первого контура пара [4 ] .
В серийных блоках с ВВЭР-440 снижение давления в боксах происходит за счет 
сооружения конденсатора-барботера, обеспечивающего конденсацию пара в первые 
моменты аварии. Максимальное давление в боксах не превышает во времени ава
рии 1,5 бар. На пятом блоке Ново-Воронежской АЭС с ВВЭР-1000 и на последу
ющих серийных АЭС этого типа имеется локализующая система в виде железобетон
ной оболочки вокруг всего реактора, рассчитанная на полное давление истекающего 
из первичного контура пара. При рассмотрении аварий с разрывом корпуса реактора 
для атомных станций теплоснабжения, характеризующихся низким давлением в пер
вом контуре ( 15-20 бар) , приемлемым оказалось решение локализующей системы 
в виде страховочного корпуса, рассчитанного на полное давление.

Железобетонная защитная оболочка вокруг всего реактора является более уни
версальной конструкцией локализующих помещений, обеспечивающей кроме функции 
локализации защиту от внешних воздействий. Однако в некоторых случаях защита 
от внешних воздействий обеспечивается и другими компоновочными решениями, 
например, в виде защитной бетонной шахты с перекрытиями.

Рассмотренное выше иллюстрирует возможности гибкого решения вопроса о 
конструкции локализующих систем в зависимости от типа реактора, характеристик 
площадки, касающихся внешних воздействий и распределения населения, масштаба 
развития атомной энергетики и характера ее использования. Международное сотру
дничество СССР со странами, ставшими на путь развития национальной атомной энер
гетики, показывает, что возможны различные проектные решения защитных и лока
лизующих систем в соответствии с пожеланиями заказчика, обусловленными упомя
нутыми выше факторами и национальными требованиями к  обеспечению безопасности 
атомных станций.
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2.4. Нормирование безопасности и органы надзора

Характерным моментом в данном направлении обеспечения безопасности явля
ется периодический пересмотр действующих нормативных документов, создание 
новых документов, отражающих новые аспекты (например, сейсмика, проблемы 
теплоснабжения), направление усилий на создание возаимосогласованного ком п
лекса нормативно-технических документов.

В настоящее время ведется пересмотр вышеупомянутого основного документа 
по безопасности, который не имеет своей целью изменение основной структуры до
кумента и существенный пересмотр основных требований для АЭС. Основная часть 
документа носит универсальный характер и распространяется на реакторы всех типов. 
Специфические дополнительные требования по безопасности для реакторов разных 
типов (ВВЭР, РБМ К, Б Н ) даны в отдельных разделах в приложении. Новым прин
ципиальным моментом в новой редакции ’’Общих положений обеспечения безопас
ности атомных электростанций при проектировании, строительстве и эксплуатации” 
будет наличие раздела с дополнительными требованиями к  безопасности и к  условиям 
размещения атомных станций теплоснабжения, которые действуют с 1978 г. [5] .

В рамках сотрудничества стран — членов СЭВ под эгидой международного хозяй
ственного объединения ’’Интератомэнерго”. в настоящее время планируется обширная 
программа создания нормативно-технической документации и стандартов СЭВ в об
ласти атомной энергетики, где существенное место занимают вопросы безопасности. 
Указанные документы создаются на основе действующей и создаваемой в СССР до
кументации. Весь комплекс по своей структуре будет отличаться от комплекса 
документов М А ГА ТЭ , создаваемого в рамках программы по разработке норм безо
пасности АЭС. Предполагается, что созданные документы станут обязательными при 
взаимных поставках атомных станций и оборудования между странами — членами СЭВ 
после принятия соответствующих законодательных актов внутри этих стран.

2 .5 . Роль обслуживающего персонала и планы по защите населения

Квалификация и подготовка персонала атомных станций является важным 
фактором обеспечения безопасности атомных станций. Безукоризненное знание 
устройств и технологического регламента нормальной эксплуатации и планово-пре
дупредительных и капитальных ремонтов, проектных и директивных материалов 
является необходимым условием допуска персонала к  работе, что уменьшает веро
ятность аварий по вине персонала. Другое важное требование к  персоналу — это спо
собность правильно сориентироваться и принять правильное решение при авариях.
В соответствии с нормативными документами для каждой станции разрабатываются 
специальные инструкции по действиям персонала при отказах оборудования и авариях. 
Вместе с тем, уже на самом раннем этапе эксплуатации атомных станций особое вни
мание придавалось общей подготовке операторов пульта управления реактором.
К а к  правило, это — специалисты с высшим образованием, имеющие обширную инже
нерно-физическую подготовку, разбирающиеся в основах физических процессов ус
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тановки и знакомые с оборудованием и приборами. По нашему мнению, это является 
дополнительной гарантией принятия правильных решений в случае чрезвычайных 
обстоятельств. К а к  показал опыт эксплуатации АЭС в СССР, обслуживающий персо
нал справлялся надлежащим образом с ситуациями, которые иногда даже выходили 
за рамки инструкций. Столь высокие требования к  общей подготовке операторов 
пульта управления атомных станций в СССР отличаются от распространенной практи
ки , в соответствии с которой операторами являются люди со средним образованием 
при наличии опыта и дополнительной подготовки.

Разработанная процедура подготовки обслуживающего персонала включает в 
себя специальное обучение по каждому типу реакторов с использованием тренажеров, 
стажировка на действующих станциях, переподготовка и требование получения 
разрешения на продолжение работы через определенный период времени, тренировка 
действий в аварийных условиях.

За весь период эксплуатации атомных станций в СССР не было случаев, когда 
в результате аварии встал бы вопрос о принятии мер по защите населения. Вместе с 
тем, подготовке этих мер всегда уделялось соответствующее внимание. Дирекция 
атомных станций с привлечением проектных организаций разрабатывает и согласовы
вает с органами надзора планы мероприятий по защите персонала и населения на случай 
гипотетических аварий, выходящих за рамки проектных. Эти планы предусматривают 
координацию действий эксплуатационного персонала и внешних организаций, таких, 
к а к  местные органы власти, милиция, пожарная охрана, медицинские учреждения и т.п. 
На этот счет имеется специально разработанная инструкция Минздрава СССР [6] .

В настоящее время в этом направлении продолжаются исследования, направлен
ные на определение величины гипотетической аварии (максимальной величины ра
диоактивного выброса) для конкретного типа атомной станции, против которой 
следует предусматривать меры по защите населения, на анализ возможных путей раз
вития аварии и прогнозирование их протекания во времени с целью своевременного 
принятия мер, направленных на защиту населения.

3. П О Д Х О Д  К  ОБЕСПЕЧЕНИЮ  БЕЗОПАСНОСТИ АТО М НЫ Х С ТАНЦ ИЙ
ТЕП ЛО С НА Б Ж ЕН И Я

3.1. Разработка дополнительных требований

Объективной особенностью размещения АЭС в Европейской части СССР явля
ется достаточно низкая плотность окружающего сельского населения (п =  20 -г 30 чел. 
на 1 кв . к м ) и достаточное удаление от крупных городов -  30 -г 50 км . Число жителей 
на расстоянии до 30 к м  вокруг АЭС с учетом небольших городов обычно составляет 
100 -г 200 тыс. человек. Согласно градации плотности населения в руководстве 
М АГАТЭ [ 7 ] ,  плотность считается низкой при n <  50 чел. на 1 кв . к м , средней — при 
50 <  n <  150 чел. на 1 кв . к м  и высокой — при n >  150 чел. на 1 кв . км . Данное об
стоятельство учитывалось при оценке уровня безопасности АЭС в Европейской части
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СССР и при выборе тех или иных технических решений по защитным и локализующим  
устройствам на разных этапах планируемого развития атомной энергетики в стране.

Подготовка к  широкому внедрению атомных станций теплоснабжения в народ
ное хозяйство требует решения специфических для них двух основных вопросов, свя
занных с обеспечением безопасности:

— возможность приближения этих станций к  крупным населенным пунктам;
— исключение радиационного воздействия на потребителей тепла через сетевой 

теплоноситель.
Необходимость максимального возможного приближения атомных станций 

теплоснабжения к  районам жилой застройки крупных городов вытекает из требований 
достижения приемлемых экономических показателей, обеспечивающих конкуренто
способность этих станций по отношению к  источникам тепла на органическом топливе. 
Здесь играет роль высокая стоимость магистральных трубопроводов, достигающая 
нескольких млн. рублей на 1 км  трассы, а также значительные эксплуатационные 
издержки. В этом заключается качественное отличие по условиям размещения атом
ных станций теплоснабжения от действующих и строящихся АЭС. Приближение атом
ных станций к  населенным пунктам в какой-то степени эквивалентно повышению 
средней плотности, и по этому показателю мы переходим в область высоких плотно
стей населения, характерных для большинства западноевропейских стран, или даже 
существенно превышаем этот уровень.

Связь потребителя с ядерным источником через такую, способную хорошо 
переносить радиоактивные продукты, среду, какой является сетевой теплоноситель, 
также является качественно новым фактором по сравнению с АЭС.

Указанные обстоятельства явились объективными предпосылками проведения 
необходимых исследований и выработки дополнительных требований по безопасности, 
которые в соответствии с вышеуказанными особенностями разделяются на две неза
висимые группы:

— требования, связанные с приближением станции к  крупным населенным 
пунктам;

— требования, вызванные наличием связи потребителя со станцией через сетевой 
теплоноситель.

Вторая группа дополнительных требований является относительно новым аспек
том в нормировании безопасности атомных станций и при формулировании не тре
бует увязки с существующей практикой и действующими нормативными докумен
тами. Формулирование первой группы дополнительных требований связано с логи
ческой увязкой с уже существующими требованиями, предъявляемыми к  АЭС.

Приближение атомной станции к  крупным городам (например, с 50 к м  до 2 к м )  
только для населения города увеличивает на два-три порядка риск подвергнуться 
чрезмерным радиационным воздействиям в случае не предусмотренных проектом  
нарушений, которые могут привести к  выбросам значительных количеств радиоакти
вных продуктов. Данное обстоятельство приводит к  необходимости осуществления 
дополнительных технических мер, способных защитить станцию от более широкого
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класса внутренних нарушений и внешних воздействий, что позволит снизить до необ
ходимого уровня вероятность выброса за пределы атомной станции теплоснабжения 
значительного количества радиоактивных продуктов и, по крайней мере, не превзой
ти при создании такой станции у крупных городов тот уровень риска для населения, 
который характерен, например, для практики размещения АЭС на расстоянии 40 -г 50 км . 
Характерно, что если рассматривать риск для всего окружающего населения (сельско
го и крупного города), то страхующая роль расстояния станции от города проявля
ется существенно (1-2  порядка) для малых плотностей сельского населения 
(п = 20 -г 30 чел. на 1 кв . к м ) . Для больших плотностей сельского населения 
(п ~  100 -г 200 чел. на 1 кв . к м ) величина риска для всего населения в зависимости 
расстояния станции от крупного города изменяется весьма слабо. Это говорит о том, 
что для весьма больших плотностей сельского населения (п >  200 чел. на 1 кв . км ) 
разделение требований по безопасности в зависимости от расстояния до города не 
целесообразно.

Проделанные исследования определили следующую направленность дополни
тельных требований первой группы, связанных с приближением станции к  городу:

а) требование предусматривать меры по предотвращению плавления тепло
выделяющих элементов при повреждениях любого оборудования, в том числе 
корпуса реактора. Данное требование практически снимает проблему условного 
выбора предельного повреждения по отношению к  авариям с разгерметизацией 
первого контура;

б) формулировка необходимости учета внешних воздействий, связанных с 
деятельностью человека (падение самолета, воздействие ударной волны при близких 
взрывах и т .п .) ;

в ) нормирование коллективной дозы облучения ка к  при нормальной эксплу
атации, так и при возможных аварийных ситуациях.

Применительно ко  второй группе дополнительных требований, связанной с ис
ключением опасности радиационного воздействия на потребителя через сетевой те
плоноситель, можно выделить следующие аспекты:

— наличие промежуточного контура между теплоносителем первого контура и 
тепловой сетью;

— выбор такого соотношения давлений в промежуточном контуре, тепловой 
сети и в первом контуре, которое исключает попадание радиоактивных продуктов 
в сетевой теплоноситель;

— нормирование уровня радиоактивности сетевого теплоносителя и промежу
точного контура.

3.2. Выбор конструктивных и схемных решений

Сформулированные выше дополнительные требования по безопасности для атом
ных станций теплоснабжения заставляют искать конструктивные и схемные решения, 
удовлетворяющие им. Одним из главных вопросов является выбор типа реакторной
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установки. Исследования в данной области, проводившиеся к а к  в нашей стране [8] ,  
так и за рубежом, позволили сделать вывод, что водо-водяные реакторы достаточно 
полно отвечают требованиям, предъявляемым к  атомным источникам теплоснабжения, 
чему способствует накопленный опыт проектирования, изготовления и эксплуатации 
реакторов данного типа. Для реализации предложен низкотемпературный водо-водя- 
ной реактор, в конструкцию которого заложен ряд принципов, позволивших удо
влетворить необходимым требованиям по безопасности [8] :

— удовлетворительные параметры теплоносителя и низкие энергонапряженности;
— предельное упрощение конструкции реактора и первого контура;
— экономически приемлемая возможность, в связи с этим, нейтрализовать 

более сильные повреждения, чем в случае АЭС (разрыв корпуса).
Низкое давление теплоносителя в основном контуре, примерно на порядок ни

же давления, характерного для современных энергетических водяных реакторов, 
значительно снижает потенциальную энергию теплоносителя, предопределяет спокой
ный характер протекания аварийных процессов, связанных с разгерметизацией контура. 
Низкая температура теплоносителя и умеренная теплонапряженность активной зоны 
позволяют существенно поднять эксплуатационную надежность твэлов.

Интегральная компоновка оборудования основного контура позволяет избежать 
разветвленности контура, исключить применение трубопроводов значительного диа
метра, потенциально опасных с точки зрения возможности выброса радиоактивности 
за пределы реактора при разрыве трубопроводов.

Использование принципа естественной циркуляции теплоносителя основного 
контура существенно повышает надежность охлаждения активной зоны, исключает 
из рассмотрения аварийные ситуации, связанные с отказом циркуляционных насосов, 
в том числе и при аварийном обесточивании станции. Высокая эксплуатационная 
надежность и простота управления реактора корпусного типа с естественной цирку
ляцией подтверждена в СССР многолетним опытом эксплуатации реакторной уста
новки ВК-50.

Размещение основного корпуса реактора с небольшим зазором внутри страхо
вочного корпуса или герметичной железобетонной шахты, рассчитанных на давление 
теплоносителя первого контура, обеспечивает безопасность реакторной установки 
по отношению к  аварии с разгерметизацией корпуса.

Характерное для реакторов данного типа наличие в корпусе реактора значи
тельного объема воды с температурой ниже точки насыщения является дополнитель
ным положительным фактором ввиду малой скорости изменения параметров основ
ного контура и возможности использования суммарной теплоемкости теплоносителя 
для отвода остаточных тепловыделений реактора.

Применение многопетлевой схемы промежуточного контура обеспечивает вы
сокую степень защищенности реактора от аварий с отказом систем, ответственных 
за отвод тепла от реактора. Системы аварийного расхолаживания реактора органи
зуются на пассивном принципе действия с естественной циркуляцией теплоносителя 
во всех трех контурах.
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Количественные оценки риска (на базе общепринятых соотношений вероят
ностей разрывов трубопроводов и корпусов, характера охлаждения твэлов в ава
рийных условиях, процессов удержания и распространения осколков деления) дают 
снижение вероятности и последствий аварий на атомных станциях теплоснабжения 
с описанными конструктивными решениями на 3-4 порядка по сравнению с совре
менными АЭС, что позволяет не только не превзойти, но и заметно уменьшить ожи
даемый риск для населения, и оправдывает приближение таких установок к  городу.

4. ЗАКЛЮ ЧЕНИЕ

Вышеизложенное позволяет сформулировать следующие выводы, отражающие 
подход к  обеспечению безопасности атомных станций в СССР:

1) возможности обеспечения безопасности многообразны и зависят от ко н 
кретных условий;

2) меры по обеспечению безопасности атомных станций усиливаются по мере 
изменения масштабов и характера использования атомной энергетики;

3) существуют многочисленные пути дополнительного наращивания техничес
ких  средств, позволяющих поднять безопасность до требуемого уровния при изме
нении объективных условий эксплуатации сооруженных ранее АЭС.

К а к  окончательный итог, можно заявить, что нет оснований формулировать 
ограничения для атомной энергетики по соображениям безопасности, и ее развитие 
может планироваться в требуемых народнохозяйственными соображениями масшта
бах с широким внедрением в новые области применения. При этом должны делаться 
необходимые адекватные усилия, направленные на решение вопросов безопасности, 
что было характерно для атомной энергетики на всех предшествующих этапах ее 
развития и выгодно отличало ее от других видов технической деятельности человека.
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Abstract-Résumé

SAFETY ASPECTS OF NUCLEAR POWER PLANT STANDARDIZATION.
This paper explains and illustrates how the standardization of French nuclear systems 

built by Framatome is a key factor governing the safety of the facilities concerned: 1) the 
quality of the facilities benefits from the concentration of substantial research and manufactur
ing resources, as a result of which serious defects are likely to  be avoided; 2) a collection of 
Design and Construction Regulations, affecting in particular matters of safety, has been drawn 
up; 3) an expensive research and development programme can be implemented without 
dispersal of effort; 4) the numerous checks and commissioning tests carried out on “identical” 
systems and items of equipment make it possible to detect any faults which may occur;
5) substantial resources can be applied to  the solution of problems which have been identified. 
Two examples of such procedures are described, cold over-pressure tests and under-clad 
cracking of vessel nozzles.

ASPECTS DE LA NORMALISATION DES CENTRALES NUCLEAIRES RELATIFS A 
LA SURETE.

Ce mémoire précise et illustre de quelle manière la normalisation des chaudières nucléaires 
françaises construites par Framatome est un facteur déterminant pour la sûreté de ces instal
lations: 1) la qualité de ces installations bénéficie de la concentration de moyens d’étude et 
de fabrication importants, de nature à prévenir des défauts graves; 2) un recueil des règles de 
conception et de construction (RCC) intéressant tout particulièrement la sûreté a pu être 
établi; 3) un programme coûteux de recherche et développement peut être réalisé sans 
dispersion; 4) le grand nombre de contrôles et d’essais de mise en service portant sur des 
systèmes et équipements «identiques» perm ettent de détecter les défauts qui pourraient exister;
5) des moyens importants peuvent être mis en oeuvre pour résoudre les problèmes détectés. 
Deux exemples de telles actions sont présentés, d’une part les surpressions à froid, et, d’autre 
part, les défauts sous revêtement des tubulures de cuves.

1. INTRODUCTION

Actuellement, Fram atom e a en cours de réalisation ou en carnet 32 chau
dières ou flots nucléaires de 900 MWe entièrem ent normalisés et 16 chaudières de 
1300 MWe normalisées en ce qui concerne au moins les équipements essentiels pour

275
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f ]  CHAUDIERES ET ILOTS NUCLEAIRES FRAMATOME

■ ;  En service

*  :  FRAM ATO M E. fournisseur de l'îlot nucléaire, est chef de file 
du groupement qui fournit ta centrale nucléaire complète.

Nombre total d'unités : 60 dont 6  options. DECEMBRE 1980

FIG.l. Diagramme de charge de la société Framatome.
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FIG.2. Vue de l ’atelier des cuves dans l’unité de fabrication du Creusot.

la sûreté (fig. 1 ). L’im portance de ce programme a permis de tirer tous les bénéfices 
de la normalisation en m atière de sûreté et de disponibilité sur le triple plan de 
la fabrication, des études et de la recherche et développement. Grâce à elle, en 
effet, des investissements considérables ont pu être consentis dans ces trois 
domaines, perm ettant ainsi de m ettre au point et codifier les procédés et de 
traiter les problèmes et anomalies rencontrés sur une grande échelle.

Dans ce mémoire, on souligne quelques aspects essentiels particulièrem ent 
concrets des effets de la normalisation sur la sûreté.

2. EFFETS DE LA NORMALISATION SUR LA SURETE

2.1. La normalisation facteur de qualité

La qualité est favorisée par la concentration des moyens d’étude, de fabri
cation et d’exploitation essentiellement sur deux produits réalisés en de 
nom breux exemplaires identiques. Cette absence de dispersion a permis l’étude
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FIG. 3. Capacité d ’études d ‘ingénierie de Framatome.

TABLEAU I. REPARTITION DES DEPENSES DE FRAMATOME 
DANS LES PRINCIPAUX DOMAINES DE R & D

— Technologie et performances du com bustible...............................................  19%

— Technologie des composants principaux (cuves, générateurs de vapeur,
pressuriseurs) ......................................................................................................  28%

— Technologie des internes, des tuyauteries primaires, de la robinetterie . . .  19%

— Analyse du fonctionnement des systèmes de la chaudière en régimes
normaux et acc id en te ls ...................................................................................... 15%

— Maintenance et inspection en service ............................................................  5%

— Méthodes de contrôle des matériels ................................................................  4%

— Divers......................................................................................................................  10%

TOTAL ......................................................................................................................  100%

approfondie du système dans ses différents régimes de fonctionnem ent ainsi que 
celle de la conception des matériels et de leur tenue aux diverses sollicitations; 
dans la phase de fabrication, la reproduction en un grand nom bre d’exemplaires 
a autorisé la mise au point minutieuse des procédés de fabrication et de contrôle. 
Enfin, en ce qui concerne l’exploitation, la form ation du personnel, la définition 
des procédures de conduite et le bénéfice de l’expérience de fonctionnem ent 
tirent le plus grand profit de la standardisation des chaudières (interface homme- 
machine; m obilité du personnel). Cet aspect est illustré par la figure 2.

Deux unités de fabrication ont été construites, l’une au Creusot, l’autre à 
Chalon-sur-Saône, spécialisées dans la réalisation en série de trois composants du 
circuit primaire essentiels pour la sûreté: les cuves, les générateurs de vapeur et 
les pressuriseurs. Leur capacité est de 8 tranches de 900 MWe par an.
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FIG.4. Essai de renoyage d ’un élém ent combustible sur la boucle ERSEC à Grenoble (CEA).

Framatome contrôle la fabrication, par des sociétés parentes, des équipe
ments internes du réacteur, des pompes primaires, des mécanismes de barres de 
commande et des tuyauteries des boucles primaires. Tous les équipements sont, 
bien entendu, normalisés et réalisés dans des unités autonom es dont la capacité 
est homogène avec celles citées précédemment.

Les moyens d’étude et d ’ingénierie, situés à Paris-la-Défense pour les chaudiè
res et îlots nucléaires, et à Lyon pour le combustible et les services, com prennent 
plus de 3000 personnes dont les deux-tiers sont des ingénieurs diplômés (fig.3). 
Appliqués à deux lignes de produits normalisés, ces im portants moyens ont 
permis d’approfondir le procédé des réacteurs à eau sous pression ainsi que la
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conception des matériels im portants pour la sûreté et la disponibilité, faisant 
ainsi notam m ent bénéficier toutes les chaudières de la série 900 MWe de l’expé
rience glanée sur les premières.

Un im portant programme de R&D, dont le volume financier a été en 1980 
de 500 millions de francs (dont la moitié supportée par Framatome), a été entre
pris (tableau I).

Il est axé sur des problèmes concernant pour la plupart la sûreté des 
réacteurs à eau sous pression. Citons entre autres:
— la boucle KALI de qualification des composants électriques en atmosphère 

représentative de l’environnement après accident;
— l’étude du com portem ent de la pompe primaire en écoulement diphasique;
— l’étude de la tenue des structures internes de générateur de vapeur en cas de 

rupture de tuyauterie secondaire;
— l’étude du com portem ent du combustible en cas de perte du réfrigérant 

primaire (dénoyage et renoyage) illustré par la figure 4;
— l’étude des vibrations des équipements internes;
— la mesure du taux de propagation des fissures dans les tuyauteries;
— l’essai sismique des gros équipements (fig.5).

2.2. Caractère significatif de la base statistique

Un second aspect qui me paraît devoir être souligné est la base statistique 
significative sur laquelle reposent l’analyse et la résolution des difficultés de 
fabrication ou des incidents d’exploitation, ainsi que l’évaluation de la fiabilité 
du système et des composants.

S’il est vrai qu’avec la cadence de la production (fig.6), une difficulté peut 
être de caractère générique, la dispersion qu’apporte le traitem ent de problèmes 
spécifiques à des chaudières de type divers est en revanche minimisée. De plus, 
com pte tenu du nom bre d’exemplaires, un défaut a peu de chances de passer 
inaperçu.

Il en est de même pour ce qui touche les incidents d’exploitation, dont 
l’expérience est im m édiatem ent transmissible sans qu’il soit nécessaire de pro
céder à de longs examens pour s’adapter aux particularités de chaque centrale.

2.3. L’effort de codification

Le troisième aspect est l’effort de codification des règles de conception et 
de construction des centrales nucléaires à eau sous pression. L’ensemble de ces 
règles est en cours d’édition. Il a été formalisé conjointem ent par Fram atom e et 
EDF avec l’aide des principaux constructeurs participant à la réalisation du 
programme français.
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FIG.5. Essai de tenue au séisme d ’une vanne d ’isolement principale sur une table Vésuve du 
CEA à Saclay.

Il est constitué par les dispositions d’application de la réglementation, les 
codes et normes tels qu’ils sont actuellement en usage pour l’étude et la construc
tion des îlots nucléaires en France. C’est un ensemble norm atif cohérent qui 
comprend 3500 pages et couvre à la fois les procédés et les équipements (fig.7).

Une telle codification, qui évite au maximum les erreurs et incertitudes 
d’ingénierie, repose sur l’expérience accumulée de vingt-cinq ans d’activité nuclé
aire et sur la réalisation du programme normalisé de chaudières à eau sous 
pression. La précision et l’exhaustivité de cette codification on t été permises par 
la normalisation des produits, depuis les matériaux de base jusqu’aux équipements 
finis.
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FI G. 6. Nom bre de gros composan ts livrés e t à livrer jusqu 'en 1985.

FIG. 7. Régies de conception e t de construction (RCCj des centrales à eau sous pression 
élaborées conjointem ent par Framatome, EDF et les principaux constructeurs.

2.4. Les inconvénients potentiels

On peut objecter que la normalisation des centrales présente quelques 
inconvénients du point de vue de la sûreté:
a) Un défaut de conception ou de méthode de fabrication se retrouvera sur les 

différentes unités. Toutefois, le risque de défaut sur une unité déterminée 
est plus faible quand ces unités sont standardisées et les moyens mis en 
oeuvre pour l’élimination du défaut peuvent être plus importants.

b) La standardisation est un frein à la mise en oeuvre de dispositions de sûreté 
améliorées. Toutefois, la politique de «paliers» permet d’apporter de telles 
améliorations tous les trois ou quatre ans environ, ce qui perm et d’éliminer 
des défauts graves quand ils existent. Au total, la normalisation nous paraît 
donc tout-à-fait bénéfique.
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3. DEUX EXEMPLES PARTICULIERS DE RESOLUTION DES PROBLEMES
RENCONTRES

Je voudrais, pour illustrer, signaler deux exemples de l’effet bénéfique de 
la normalisation qui perm et de concentrer les efforts et d ’affecter avec le 
maximum d’efficacité des moyens d’étude, d’essais ou de réparation au traitem ent 
des problèmes spécifiques.

Mon premier exemple est relatif au phénom ène de surpression à froid. Ce 
phénom ène se manifeste lorsque le circuit primaire ne contient que de l’eau en 
phase liquide, en particulier au m om ent où la mise en marche des pompes conduit 
à mélanger des volumes d’eau à des tem pératures différentes. Il peut en résulter 
des augm entations brutales de pression et donc de fortes sollicitations de l’en
veloppe du circuit primaire. Un tel incident s’est produit en phase d’essais 
précritiques à chaud sur certaines de nos chaudières et s’est accompagné, dans 
un cas, de la non-fermeture d’une soupape sur le circuit de refroidissement à 
l’arrêt.

Je ne m’étendrai pas sur la description de cet incident et sur les remèdes 
apportés qui font l’objet d’une autre communication de Fram atom e à cette con
férence1 . Mais je  veux indiquer ici que les études du phénomène, les essais 
représentatifs effectués sur une boucle spéciale d’EDF, la mise au point de la 
soupape et, enfin, la solution retenue ont été possibles dans un tem ps raisonnable. 
Cela est dû au fait que, bien que 30 tranches fussent concernées, il n’y avait 
pratiquem ent qu’un cas unique à traiter, sans variation d’équipement, de disposi
tions constructives ou de caractéristiques de fonctionnem ent d’une tranche à 
l’autre.

Mon second exemple, qui fait également l’objet d’une autre com m unication ,2 
est celui des défauts sous revêtem ent dont la presse s’est fait très largement 
l’écho. Je rappelle qu’il s’agit de défauts détectés grâce à un appareillage de 
contrôle sophistiqué sous le revêtem ent des plaques à tubes des générateurs de 
vapeur et celui des tubulures de cuve.

L’identité des objets en cause a permis de bénéficier d’avantages importants.
Nous avons pu, du fait de cette standardisation, m ettre en place un vaste 

programme d’investigation des causes profondes du phénomène sur la géométrie 
exacte à l’échelle des pièces, notam m ent dans les trois domaines essentiels des 
contrôles non destructifs, de l’étude de nocivité de ces fissures et, enfin, de 
réparation le cas échéant.

L’ensemble de ce programme a représenté environ 250 000 heures de 
travaux en usine, et un nom bre d’heures d’études du même ordre que celui du 
célèbre rapport Rasmussen.

1 M. LECERF, «Protection du circuit de refroidissement du réacteur à l’arrêt contre les 
surpressions»: voir vol.3.

2 B. GONNET et G. MENJON, «La fissuration sous revêtement»: voir vol.3.
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FIG.8. Moyen d ’étude de nocivité des défauts. Courbe “sûre” de propagation de défauts dans 
le revêtement.

Dans le domaine de l’étude de nocivité des défauts sous revêtement, nous 
avons été amenés à com pléter les données scientifiques existantes pour établir 
une loi d’évolution précise, adaptée aux matériaux utilisés (fig.8). De nombreux 
laboratoires spécialisés ont été consultés: ceux de Creusot-Loire et des principaux 
instituts français, des laboratoires étrangers tels que le Naval Research Laboratory, 
ainsi que ceux de nos principaux confrères.

Les figures 9 et 10 m ontrent respectivement une machine à meuler et un 
essai de mise au point de m éthode de réparation sur site.
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FJG.9. Machine à meuler.

FIG. 10. D éveloppem ent des m oyens de réparation sur site.
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Le développement de tous ces moyens a placé Fram atom e au premier rang 
mondial dans le domaine de la connaissance des phénomènes liés aux revêtements 
par soudage.

4. CONCLUSION

Ainsi, la normalisation des centrales nucléaires françaises, associée à un 
programme de réalisation im portant, constitue un facteur de sûreté essentiel en 
raison de:
— la concentration de moyens d’étude et de fabrication im portants, facteur de 

qualité, favorable en particulier à la prévention des accidents graves;
— l’existence d’une base statistique significative rendant très improbables des 

défauts inaperçus, et perm ettant le retour efficace de l’expérience de fabrica
tion et d’exploitation;

— la codification des règles de conception et de construction concernant en 
particulier la sûreté des installations;

— la mise en oeuvre de moyens im portants consacrés à la résolution des problèmes 
détectés.
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Abstract

NEW TRENDS IN SAFETY DESIGN AND ANALYSIS.
The broad implications of the accident at Three Mile Island Unit 2 are examined for their 

likely effects on new directions and emphases in safety design and analysis. It is anticipated 
that a much more detailed and insightful understanding of plant and system behaviour for a 
wide range of transient conditions, including small loss-of-coolant accidents, will be sought for 
use in plant design, in operator training, in the preparation of emergency procedures, and in 
efforts to develop disturbance analysis systems to help diagnose operational anomalies on-line 
and in real time. It is expected that greater attention will be given to undesirable effects which 
might arise from interactions between systems, and to the effect of control systems on safety. 
Improved shutdown heat removal systems, able to cope with a wide range of abnormal conditions, 
should also receive increased emphasis. Potential inadequacies in the single-failure criterion will 
be examined, both in terms of specific systems such as AC and DC power, and via a series of 
probabilistic studies of existing LWRs. The use of probabilistic methodology will grow very 
rapidly, particularly for determining possible weak spots in existing designs. A great need for 
quality assurance in probabilistic analysis exists. Degraded core and core melt accidents will 
receive very considerable attention, both in analysis and design. It is recommended that design 
measures be implemented both to reduce the likelihood and to mitigate the consequences of 
serious accidents.

Major changes have occurred or may be in the offing w ith regard to  safety 
design and analysis for light water reactors in the USA since the accident at Three 
Mile Island Unit 2 (TMI 2). The US Nuclear Regulatory Commission (NRC) has 
required a large num ber o f detailed changes as a direct outgrow th o f the TMI 2 
accident and is now considering some more general m atters. In this paper, we 
shall examine several partly overlapping topics, some o f which stem not from 
TMI 2 itself but from other recent operating experience or from general philosophic 
considerations o f nuclear safety in the light of TMI 2. Most o f these topics 
represent m atters on which the US Advisory Committee on Reactor Safeguards 
(ACRS) has made recom m endations to  the NRC. A brief summary of these 
recom m endations is given in the appendix.

This paper is presented in the context o f light water nuclear power reactors 
as they have been constructed and operated in the USA.

287
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1. SMALL LOCAs AND COMPLEX TRANSIENTS

Analysis of plant behaviour for a broad range o f small-break loss-of-coolant 
accidents (LOCA) and complex transients has been given and will continue to be 
given greatly increased emphasis since TMI 2. The reasons for interest in such 
analyses are many, and include the following:

Will the engineered safety systems meet their performance requirements, 
assuming they function in accordance w ith design?

Can the plant recover from multiple failures both  in safety and non-safety 
systems?

Will the operator have the inform ation, knowledge and capability to cope 
properly w ith complex events and avoid aggravating them?

How will the designers, regulators, and trainers of operators obtain a 
sufficiently detailed understanding o f plant behaviour?

Some examples of the many events o f interest for such analysis are as follows: 

Two concurrent small LOCAs
Small LOCA concurrent with steam generator tube leak 
Small primary system LOCA coupled with loss of integrity o f steam line or 

feedwater line
Loss of off-site AC power coupled with a substantial steam generator tube 

leak rate and m alfunction o f other equipment 
Natural circulation heat removal under a wide range of complicating factors, 

including the need for boiling 
Feed and bleed, or bleed and feed cooling for extended periods o f time 
Transients involving an over-supply of feedwater.

The requirem ents for accuracy, complexity, sophistication and speed of 
calculation will vary widely, depending on the application. Since essentially all 
these transients involve many minutes (or even hours) o f real time, computing time 
may represent a significant problem, and there is likely to  be a need to  develop a 
new family of com puter codes. A particularly challenging problem would be the 
development of a much more sophisticated simulator than that currently used for 
operator training, one which includes most control room functions and yet 
models system behaviour physically and provides more detailed inform ation on 
system behaviour than is available from the sensors themselves.
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2. SYSTEMS INTERACTIONS

Although the Advisory Committee on Reactor Safeguards (ACRS) identified 
the m atter o f systems interactions in 1974 [ 1 ] as one which had been treated 
inadequately and required much greater attention by designers and regulators, 
a relatively low priority was given to  the subject by the NRC Staff TMI 2.
A classic example was the Quad Cities event in which failure o f the non-safety- 
grade, raw-water system for the condenser flooded the turbine building base
ment in which pumps essential to  shutdown heat removal were located [2]. Since 
TMI 2, the NRC Staff have given increased emphasis to  systems interactions, and 
it is identified as a task in the action plan [3]. The ACRS identified one practical 
approach to  the m atter in a letter to  Lee V. Gossick dated 12 October, 1979 
concerning the Indian Point reactors [4], and this approach has been pursued at 
the Diabolo Canyon plant as part o f an examination o f the potential for earth
quakes to cause undesirable systems interactions.

3. DISTURBANCE ANALYSIS AND STATUS MONITORING

Methodology exists for status m onitoring of com ponents and has been 
applied in various degrees at nuclear power plants. What remains at issue is the 
extent to  which it should be done on old or new plants. Also, for some components 
suitable m ethods of instrum entation may require development. When the same 
com ponents are used in a variety o f  different system line-ups, the problem of 
status m onitoring becomes somewhat more complicated but appears to  be generally 
tractable. System and com ponent surveillance during operation also appear to  be 
tractable; however, the level of detail o f surveillance becomes an im portant para
meter, w ith trade-offs to  be expected between cost and complexity on the one 
hand and additional knowledge on the other.

Disturbance analysis systems (DAS) for on-line diagnosis o f  the causes and 
probable course o f a transient (and to  suggest possible courses o f  action to  the 
operator) introduce an intriguing potential for long-term safety improvement 
which has received greatly increased interest since TMI 2. The previously on-going 
co-operative programme between the groups in the Federal Republic o f Germany 
and Norway has continued [5]. This approach, which is fairly general and 
am bitious in nature, initially has limited itself to  m onitoring feedwater and 
com ponent cooling water systems. A disturbance analysis system will be tested 
at the Grafenrheinfeld nuclear plant as part o f the regular operation o f this nuclear 
station. The EPRI-funded programme in the USA, which had been aimed at 
developing a system which might improve plant reliability, has now been modified 
to  have a safety orientation, and, co-operatively with a new effort initiated by the 
Departm ent of Energy, an attem pt is being made to  develop an approach to  a 
Disturbance Analysis and Surveillance System (DASS) [6].
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A super disturbance analysis and surveillance system, capable of on-line 
diagnosis of the causes and course of the very, very large num ber of different 
combinations of events which are of potential interest, is not likely to  be practical, 
or perhaps even feasible. However, more limited although possibly complex 
applications o f DAS or DASS may well develop. What may be o f equal usefulness 
to the actual application o f disturbance analysis systems to  power plant operation 
is the deeper knowledge and insight concerning system behaviour during a wide 
range o f off-normal conditions (including those involving false inform ation), 
which can come from the studies involved in attem pting to develop a DAS, if this 
knowledge is applied in subsequent reactor design, in operator training, etc.

4. CONTROL SYSTEMS

In the past, the NRC has not reviewed control system design or imposed 
requirem ents on such systems except that they not cause failure o f the safety 
systems supplied to  protect against control system m alfunction or o ther initiating 
events. The choice o f control system design and the reliability built into the 
control systems were left to  the reactor vendor and the designer o f the balance 
o f plant. Similarly, the NRC did not impose requirem ents on the reliability of 
instrum entation systems which provided inform ation to  the control room except 
for tha t inform ation which was designated as safety-related.

The Rancho Seco transient of 20 March 1978 began w ith failure o f the 
power supply for much o f the non-nuclear instrum entation. Erroneous signals 
were supplied both  to  the Integrated Control System and to  the operator in the 
control room . The reactor underwent a fairly severe transient which included a 
loss of main feedwater, im proper function of the auxiliary feedwater system, and 
actuation o f the engineered safeguards. Proper inform ation was not restored to  
the control room for seventy-five minutes [7].

The Rancho Seco transient was not ignored when it occurred; on the other 
hand, it did not receive an in-depth evaluation by the NRC regulatory staff. 
Babcock and Wilcox recommended to its customers that limited steps be taken 
as a result of this transient; however, Babcock and Wilcox did not change the 
basic design of the non-nuclear instrum entation and its power supply.

After TMI 2, the Rancho Seco transient received further review. But it was 
not until the Oconee transient o f 10 November 1979 and the Crystal River 
transient of 26 February 1980 [8], in each o f which the operator again lost a large 
block of inform ation during the very time the inform ation was needed to  recover 
from a transient associated with the same initiating event, tha t fairly major steps 
were recommended by the NRC and the Nuclear Safety Analysis Center [9] to
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improve the reliability of inform ation to the operator against the same kind of 
failure. The ACRS had been suggesting and then recommending that the 
importance to  safety of ‘non-safety’ systems, including control systems, needed 
to  be re-evaluated [ 10]; however, this remained a relatively low-priority item 
with the Regulatory Staff. In August 1980 the ACRS recommended that the 
subject of control system reliability, including the reliability of control inform ation 
to the operator, be declared an unresolved safety issue by the NRC [11].

Thus a deepening concern has developed that the past approach to  control 
systems is inadequate for at least three major reasons. First, the design o f control 
systems can have an im portant influence on the frequency and kind of transients 
that the safety systems will have to cope with. Secondly, the possibility that 
control system failure will not only cause a transient but hinder or negate the 
function of the safety systems needed to cope with the event has become more 
real [12]. And, thirdly, the  general question of the availability and accuracy of 
the control inform ation normally supplied to the operator has become of 
concern [11]. Hence, it appears likely that the proper design o f control systems 
and the analysis of their role in safety will be areas of growing emphasis.

5. LOSS OF AC OR DC POWER

The loss of all AC or DC power represents an event which goes 
beyond the single failure criterion and hence has not normally been the subject 
of safety analysis. The ACRS has expressed concern that neither o f these two 
events had received adequate attention [13], and the NRC staff have relatively 
recently given priority to  further evaluation o f these issues, partly in response 
to  the decision o f the Atomic Safety and Licensing Board on the St. Lucie plant 
[14]. However, experience at Millstone Point and Arkansas Nuclear Units 1 and 2, 
among others, should have provided a greater sense of urgency [15, 16].

From the analysis point of view, it is of interest to  understand plant 
behaviour for a to tal loss o f either AC or DC power for an extended period of 
time, in order to  provide insight for possible improvements in design and to  help 
train operators and guide their actions in such an event.

Actually, the postulated events involving loss of AC or DC power should be 
taken as representative o f a broader class of scenarios involving loss of redundant 
systems. Analysis should be made of the course and consequences o f the loss of 
each im portant system for a wide range o f events, whether due to  a loss of 
redundant com ponents or to  multiple failures, in order to  provide an improved 
basis forjudging the potential and the need for improvement in design and/or 
operating training and procedures. The ACRS has been concerned about common 
cause failures for over a decade, and has reiterated its dissatisfaction w ith the 
single-failure criterion several times since TMI 2 [10, 11].
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6. THE USE OF PROBABILISTIC METHODOLOGY

Probabilistic methodology has become part o f the LWR regulatory process 
and its use can be expected to  grow markedly. The short-term review of auxiliary 
feedwater systems by the NRC following TMI 2 and the resulting recommendations 
for increased reliability [17] were a harbinger of the future. The NRC staff has 
since initiated its Interim Reliability Evaluation Program (IREP) and the nuclear 
industry has separately begun reliability analyses of several specific plants [3].
The ACRS has recommended such studies in its comments on WASH-1400 [18—20], 
and a similar recom m endation was later made by the Risk Assessment Review 
Group [21 ]. Nevertheless, it was TMI 2 that provided the spark for initiation of 
a substantive effort along this line. However, the NRC interim reliability evaluation 
programme has moved relatively slowly, and in September 1980 the ACRS 
reiterated its recom m endation that the NRC adopt the earlier ACRS recommendation 
that each licensee be asked concurrently to perform a probabilistic analysis o f his 
own plant [22].

For plants in operation or under construction, the changes in design which 
will be practical are limited. It appears likely that probabilistic methodology 
will be applied to  essentially all these plants during the next several years in order 
to  ascertain if there are any anomalously large contributors to  risk and to  provide 
a basis for judgm ent where significant improvements in reliability are practical 
and should be backfitted.

For plants to  be designed, it is likely that probabilistic m ethodology will be 
used much more in design, as well as in safety review, the NRC is likely to 
impose requirem ents that go beyond the single-failure criterion. Whether such 
changed requirem ents are deterministic, probabilistic, or a combination thereof 
remains to be seen.

In any event, the architect-engineer is likely to  be forced into a new role.
In the past, the balance o f plant beyond that provided by the nuclear steam system 
suppliers was made to fit safety regulations, but little more, and frequently in a 
way that was too compartmentalized to have given proper appreciation to  the 
significance o f interactive effects or to  common cause and m ultiple failures. Also, 
relatively less regulatory evaluation was made o f the adequacy o f the balance of 
plant than of the nuclear steam supply system. This can be expected to  change, 
and in the future the architect-engineer is likely to  be heavily involved in 
probabilistic and o ther safety optim ization of design.

The recent partial failure to  scram at Browns Ferry Unit 3 [23] raises some 
serious questions concerning the way in which probabilistic methodology has 
been applied to  reactor safety. The reliability of scram systems had been an issue 
in connection w ith the m atter of anticipated transients w ithout scram (ATWS) 
for over a decade. The scram system was probably the system most studied 
using probabilistic techniques. The nuclear industry had argued vociferously that
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the system was far more reliable than the NRC staff and ACRS were willing to  
concede. The potential common mode failure via the scram discharge volume 
in a BWR had been known for a long time. (In WASH-1400 it was recognized 
but dismissed, mistakenly, as a very low probability event.) But only after the 
Browns Ferry 3 event did detailed examination uncover many serious deficiencies 
in the design of the discharge volume system o f existing plants [24].

This occurrence m ust give pause to  one’s acceptance o f any claim of high 
reliability for a particular system, based solely on probabilistic analysis, and it 
highlights the need for the development o f rigorous quality assurance for 
probabilistic analyses which are to  be used in nuclear safety. All significant 
assumptions should be clearly displayed. The uncertainties in the results should 
be carefully presented. The authors should systematically discuss potential 
errors, weak spots, or omissions in their own work which might significantly 
modify or even reverse their own conclusion. A mechanism for peer review should 
exist for all analyses, w hether performed originally by the industry or the 
regulatory body.

The analysis of DC power reliability performed by the NRC staff in 1978 
provides an excellent example o f the need for peer review, even of work done 
by a regulatory group [25]. In that report, the NRC staff concluded that DC 
power introduced negligible risk and its failure could be neglected. The ACRS 
disagreed and the NRC Regulatory staff now appears to  be changing its position.

There probably should be a requirem ent that any probabilistic analyses to 
be used in the nuclear safety design and review process be attested to , if not 
directed by, the equivalent o f an especially well-qualified professional engineer 
whose speciality is nuclear reliability and safety.

7. DESIGN ERRORS AND SYSTEM DEGRADATION

One of the very difficult m atters to  deal w ith in probabilistic analysis is 
design errors. System degradation arising in some unexpected way, such as the 
m ultiple, deep, full-circumference cracks experienced at the Duane Arnold 
plant [26], are also difficult to  deal with.

Design errors have tended to  receive less attention  in the past than has been 
warranted for their effect on reactor safety. When the work by Hsieh [27] 
indicated tha t design errors could be an im portant detractor to  the adequacy of 
seismic design, that hypothesis was being advanced w ithout the benefit o f any 
direct empirical confirmation. Rather, it was deduced from  other kinds of 
design errors which had been uncovered. Hsieh’s suppositions have been confirmed 
by subsequent events [28—30]. However, an improved approach to the detection 
and minimization o f design errors and to  the incorporation of design errors and 
anomalous system degradation into risk evaluation remains to  be developed and 
warrants attention.
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8. SHUTDOWN HEAT REMOVAL

Concern about the need for reliable shutdown heat removal for a wide range 
of possible scenarios did not arise with TMI 2. The draft WASH-1400 report 
had pointed clearly in 1974 to  the imporance of reliable shutdown heat removal 
for a variety o f transients. An ACRS member, J.C. Ebersole, had been trying to 
get a similar message to  the NRC and the US nuclear industry for many years prior 
to TMI 2. He was developing design concepts for a dedicated, bunkered, shut
down heat removal system intended to cope with fires, sabotage, earthquakes, 
among other things, [31 ] prior to  the Browns Ferry fire. The idea received very 
limited support in the USA prior to  TMI 2, although it has been separately con
ceived, developed, and implemented in some other countries, and the NRC had 
identified it as a priority item in its report to  the US Congress on a research 
programme to improve reactor safety [32]. However, it was TMI 2 that led the 
NRC staff to begin to  emphasize the importance of reliable shutdown heat removal. 
They found soon after TMI 2 that auxiliary feedwater systems were not safety 
systems on all operating reactors and that, where they were safety grade, there 
were still many potential weak points in their design [17].

The NRC staff has identified in its action plan [3] shutdown heat removal 
systems as an im portant long-range problem and these have been given an 
additional priority by being identified as an unresolved safety issue [33].

It may be that, with an evaluation o f the complexity of coping with multiple 
failures in the currently used shutdown heat removal systems, coupled with the 
complications that can be raised by the wide range o f possible failures of control 
systems and non-safety systems, especially during a fire or earthquake, the use 
of dedicated shutdown heat removal systems will be accelerated in the USA.

9. DEGRADED CORE AND CORE MELT ACCIDENTS

The ACRS recommended research and development programmes related 
to core melt accidents in 1966 [34] and has reiterated this recommendation 
many times in the ensuing decade with essentially no success [35, 36]. The NRC 
identified vented-filtered containment systems as one of its five high-priority 
items in its report to Congress on a programme o f research to  improve reactor 
safety [32] but gave it very limited support prior to TMI 2.

There were two actions by the NRC in the mid-1970s, however, that did 
portend a possible shift from the previously long-held position o f not looking 
beyond the design basis accidents. First, the Regulatory staff and Commissioners 
took steps to  initiate emergency planning beyond the low population zone [37]. 
Secondly, effects from a postulated core melt accident for the proposed floating 
nuclear plant were judged to  be large enough to  warrant design changes, even
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though this action was taken as part o f the environmental review, not the safety 
evaluation [38].

TMI 2 may have speeded up what was an inexorable trend. However, 
prior to  TMI 2, the pace was very slow and the end product uncertain. Since 
TMI 2, the pace has accelerated, although the outcom e still remains to be 
determined.

In the fall o f 1979 the NRC initiated studies related to  the possibility of 
reducing risk from the Indian Point and Zion plants, which are located at the 
two most populated sites used for power reactors in the USA. These studies 
involved a probabilistic look at accident initiators and an evaluation of design 
features that could mitigate the consequences o f an accident leading to  a highly 
degraded or molten core [39].

The ACRS recommended in December 1979 tha t the NRC require the 
licensee o f each operating power reactor to  perform design studies and examine 
the pros and cons o f possible measures to  mitigate core melt accidents [40].
The ACRS reiterated this recom m endation in September 1980 [22]; it also 
recommended that measures for hydrogen control be implemented within about 
a year for PWRs employing the ice condenser containm ent, which has a smaller 
volume and much lower design pressure than the typical large, dry PWR contain
ment [41 ]. The NRC adopted this latter recom m endation in approving a full 
power licence for Sequoyah.

I believe that design measures to  cope with and mitigate core melt accidents 
should be given high priority, and tha t, assuming their positive features clearly 
outweigh any negative impacts, they should be implemented, as practical.

It appears likely, although by no means sure, that the NRC will require some 
improvement in the capability o f Indian Point and Zion to  cope w ith or mitigate 
the consequences of degraded core and core melt accidents. For o ther operating 
plants, for those near or under construction, and for plants to  be designed, the 
pendulum could, in principle, swing either way, although'I expect the trend to  be 
in favour o f mitigative measures.

In a speech given on 9 July 1980, NRC Commissioner Hendrie examined the 
existing NRC design basis accident approach [42]. His remarks included the 
following comments.

“Some studies have already been undertaken o f accidents beyond the design 
basis and of possible control measures, particularly in connection with the 
Commission’s current review o f high-population-density sites. It appears to  me 
tha t current work on the course which extreme accidents might take indicates 
that for the great majority o f such events there ought to  be enough time for off-site 
protective actions, including evacuation. But there may also be some practical 
plant design features that would give greater time for protective actions or reduce 
radioactivity releases and tha t would be appropriate for plants in high population 
areas. If this turned out to  be the case, such plant design features should, as noted,
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be analysed and treated on a best engineering calculation basis — in effect, a 
‘best effort’ basis — rather than trying to  include them  in the design basis 
envelope”.

“With the regulatory basis for reactor safety arranged in this fashion, we 
would have preserved the good features of the classical scheme and would have 
added to  it the elements necessary to  deal w ith most o f its difficulties”.

It remains to  be seen w hether these remarks by Commissioner Hendrie 
portend the extent o f the application o f mitigation measures for core melt accidents.

Regardless of whether or what new design features are implemented to 
mitigate degraded core and core melt accidents, analytical and experimental 
examination o f the phenomena involved, and detailed studies o f the course of 
various accident scenarios, are now receiving a high priority and can be expected 
to  expand in breadth and depth. The kinds of effort underway since TMI include 
the following:

A greatly expanded NRC safety research programme on degraded core and 
core melt accidents [44].

Analysis o f specific severe accident scenarios to  ascertain whether the 
instrum entation currently being planned in Regulatory Guide 1.97 to  help 
ascertain the course of an accident is subject to  specific improvement [45].

The proposed NRC rule-making on degraded core and core melt accidents [46].

The proposed NRC rule-making on siting including the consideration of 
hydrological effects from serious accidents [47].

The announcem ent that Class 9 accidents would no longer be excluded from 
environmental impact statem ents because o f their low probability [48].

It is clear that the kinds o f analysis underway on degraded core and core melt 
accidents are more detailed and sophisticated than that performed for the Reactor 
Safety Study, WASH-1400 [49]. The interest now is on things like the coolability 
o f a damaged or m olten core; the pros and cons o f large-scale water addition; 
and the specific behaviour characteristics and the pros and cons of various possible 
design measures to  control hydrogen or containm ent overpressure. For other 
reasons, a much more sophisticated look than that in WASH-1400 is likely to  be 
taken at the economic effects o f a large release o f radioactive material and of the 
effects o f such an accident on neighbouring nuclear units and on water resources.

10. QUANTITATIVE SAFETY GOALS FOR THE NRC

The consideration o f  quantitative safety goals (or quantitative risk acceptance 
criteria) for LWRs preceded TMI 2 by some years [35]. The ACRS recommenda



IAEA-CN-39/6.4 297

tion, made several weeks after TMI 2, tha t the NRC pursue the development of 
such goals, resulted only in part from  TMI 2 [50]. Nevertheless, TMI 2 provided 
a situation which essentially required the NRC to  look beyond its design basis 
accidents and to  factor the risk of more severe events into its policies.

At its O ctober 1980 meeting, the ACRS agreed to  forward to  the NRC for 
consideration a preliminary version of an approach to  quantitative safety goals.
This trial approach is divided into two major tasks: the predom inantly social and 
political task o f setting the safety criteria, which are term ed decision rules; and 
the technical task o f estimating the risks and deciding whether the safety criteria 
have been met.

The safety criteria or decision rules are as follows:

Limits are placed on the frequency o f occurrence of certain hazardous 
conditions (or hazard states) within the reactor.

Limits are placed on the risk to  the individual o f early death, or delayed 
death due to  cancer arising from an accident.

Limits are placed on the overall societal risk o f  early or delayed death.

An “as low as reasonably achievable” approach is applied with a cost- 
effectiveness criterion that includes both economic costs and a m onetary 
value o f preventing premature death.

A small element o f risk aversion is applied to  infrequent accidents involving 
large numbers of early deaths compared to  a similar number of deaths caused 
by many accidents each involving one or two deaths.

Each decision rule on hazard states and on individual and societal risk consists 
of a pair of numbers: an upper, non-acceptance limit on risk and a lower safety 
goal level o f risk. Compliance w ith the upper limit would be required for extended 
operation o f the plant; otherwise, it must be improved within a certain period 
of time (to be determ ined) that depends upon the severity o f the risk involved.
On the o ther hand, any risk value lower than the safety goal level would be 
considered in compliance for the particular category o f risk. However, risks must 
be further reduced below these safety goal levels whenever improvements are 
possible that meet certain cost effectiveness criteria for risk reduction. Between 
the upper non-acceptance limit and the lower safety-goal level o f  risk, case by 
case consideration of uncertainties, regional need for power, and alternative risks 
is required in the decision as to  whether the plant should be allowed to  operate 
for an extended time w ithout modification.

The preliminary numerical values which are being suggested for use in the 
decision rules are primarily a m atter o f judgm ent and are intended to  help stimulate 
discussion and evaluation in concrete terms.
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11. REGULATORY PHILOSOPHY

In the early 1970s, the point o f view of the AEC regulatory staff was that 
the estimated frequency of an accident leading to core melt and containment 
feailure (which was identified as arising from a large LOCA, together with an 
independently occurring failure o f the ECCS to function) was very low, of the 
order of lO 7̂ per reactor years [51]. The estimated frequency of a very large 
release o f radioactive material from a breached containment was taken by the 
regulatory staff to  be of the order of 10-8 per reactor year [52].

Since issuance o f the final version o f WASH-1400 in 1975 citing an estimated 
core melt frequency of about 1 in 20000 per reactor year, a considerable number 
o f things have occurred which tend to  support a thesis that the WASH-1400 
estimate o f the frequency o f core melt (or at least core damage severe enough 
to threaten containm ent and a major release o f radioactive materials) was too low.

(1) TMI 2 occurred, providing many insights into previously ill-considered 
or ill-regulated safety matters.

(2) A re-evaluation by the NRC Staff of the failure rate data used in 
WASH-1400 in the light o f new, more extensive data, suggests an increase 
by about a factor o f three in the core melt frequency due to  this effect 
alone [53].

(3) The systematic evaluation programme for ten old LWRs has shown 
deficiencies in these plants which could place them at a core melt 
frequency well above WASH-1400; some of the deficiencies are generic 
beyond the plants in this programme [30].

(4) Severe transients have occurred in operating plants via scenarios riot 
envisaged in WASH-1400 [7, 54]. Several of these transients have had 
the potential to  go to severe core damage, given another fault in the 
sequence.

(5) Significant losses in safety system availability have occurred in operating 
plants. The Browns Ferry partial failure to  scram has added further 
scepticism to industry claims of very high reliability of such safety 
systems [23].

(6) It appears that while some systems interactions were considered in the 
WASH-1400 study, the scope of these considerations was inadequate. 
Similarly, the effects of control systems and other non-safety systems 
on accidents may not have received adequate attention.

(7) The FR G ’s risk study arrived a t  a core melt frequency larger than that 
of WASH-1400, after allowing for some modifications in the original 
PWR studied [55]. The NRC studies of individual plants, such as the 
IREP results for Crystal River, have led to  similar results [56].

(8) The auxiliary feedwater studies performed after TMI 2 showed major 
weaknesses in reliability of this system for many existing plants [17].
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(9) Many design flaws have been uncovered in operating plants, some of 
them  sufficient to  lead to  a severe core damage accident, given the 
appropriate initiating event.

(10) Sabotage and flood were not included in the WASH-1400 estimates. 
Flood now appears to be a potentially significant contributor at some 
sites. Sabotage remains difficult to quantify, but there appears to  be 
little basis for justifying it as small compared to a frequency of one in 
10000 per reactor year for a core damage accident.

(11) The WASH-1400 evaluation that the seismic contribution to  LWR risk 
is negligible has been shown to be in serious error [27]. In addition, 
review of specific plant designs has turned up a wide range of design 
errors and other seismic deficiencies. Furtherm ore, estimates of the 
return frequency o f the safe shutdown earthquake have become 
progressively larger w ith tim e so that they may now exceed those used 
in the WASH-1400 analysis.

For these and similar reasons, it appears to  be difficult to  dem onstrate with 
a high degree of confidence tha t the frequency o f severe core damage or, core 
melt for reactors in operation or under construction is less than about one in a 
thousand per year. It may be smaller, but it is also conceivable tha t it is some
what larger. Also, there are many potential paths to  severe core damage or core 
melt so that it will be difficult to  make the frequency of such an accident very 
much smaller, with a high degree o f confidence.

On the whole the present author shares this point of view, and as a 
consequence, would propose an overall safety philosophy which can be briefly 
summarized as follows:

(1 ) For new reactors, choose the site so as not to  impose an unnecessary 
risk to  people or im portant resources.

(2) Take all practical measures to  reduce the likelihood o f an accident 
which can seriously degrade the core and threaten containm ent of 
fission products.

(3) Provide containm ent capability, as practical, for a wide spectrum of 
severe accidents as a separate line o f defence, since it will be esentially 
impossible to  know w ith the necessary very high degree of certainty 
that you have achieved a sufficiently low probability of preventing 
serious accidents to  the core not to warrant mitigative measures.

(4) Provide carefully and knowledgeably for emergencies, on-site relying on 
one’s ability to ascertain the problem prom ptly and off-site by means of 
intelligent preparations.

The author makes these recom m endations w ith full recognition that there 
are many risks in society, such as those from dams, from the storage of hazardous
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chemicals, and from the disposal o f toxic wastes, that pose equal or greater risk 
to  the individual and to  society. The recommendations are also made w ith the 
expectation tha t nuclear power plants currently introduce less statistical risk to 
the individual and society than most alternative forms o f electricity generation, 
including the proposed new sources of the near or distant future. However, there 
is a substantial body of public opinion which questions that the current level of 
safety is as good as is claimed and that there is a larger body o f the public that 
wants nuclear power to  be made more safe. The author believes that it can be 
made more safe in a practical fashion, particularly if standardization is practiced 
for new plants and they are designed to have improved safety.
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Appendix

ACRS RECOMMENDATIONS ON THE IMPLICATIONS 
OF THE THREE MILE ISLAND ACCIDENT

The ACRS has provided a series of recommendations covering a wide range of topics 
since the TMI accident, some of which are summarized below. Shortly after the accident, in 
a letter dated 7 April 1979 [57] the ACRS emphasized the importance of greatly increased 
knowledge of plant behaviour during transients and accidents that involve small breaks in the 
primary system. The ACRS also emphasized the importance of additional information con
cerning plant status to  the operator during an accident. In letters dated 18 April 1979 and
16 May 1979 [58, 59], the ACRS emphasized, among other things, the importance of 
developing improved procedures and knowledge pertaining to the natural circulation cooling 
mode. In another letter dated 16 May 1979, the ACRS made a series of recommendations 
on topics including improved operator training and qualifications, improved operating 
procedures, and the need for early, industry-wide evaluation of operating experiences [60].

In July 1979, in its report NUREG-0603 on the safety research programme [61] the 
ACRS made recommendations for major changes in the NRC safety research programme.
In a chapter entitled “Implications of the Accident at Three Mile Island, Unit 2”, the ACRS 
called for new directions in research or major increases in previous priority for the following 
areas:

Anomalous transients and small LOCAs 
Studies of the course of severe accidents 
Moltent core retention 
Steam explosions 
Siting
Plant operations
Transient simulation in research and licensing 
Systems behaviour and interaction 
Application of probabilistic methodology 
Disturbance analysis 
Research to  improve reactor safety.

In a letter dated 14 August 1979 [62], the ACRS made recommendations for studies on 
a larger number of specific topics, for example, the potential role of systems which supply 
service air in causing transients and accidents.

In a letter dated 13 December 1979 [40], the ACRS supported the bulk of the final 
report of the NRC lessons-leamed task force. The ACRS, however, recommended that, rather 
than the phased probabilistic reliability studies proposed by the staff in its IREP programme, 
the NRC should develop a programme in which each licensee assessed his plant using 
probabilistic techniques concurrent with the IREP programme. The ACRS also recommended 
that each licensee be required to perform studies of possible hydrogen control and filtered- 
venting systems.

The ACRS also made several general recommendations in this letter, including the need 
for improved shutdown heat removal systems and increased attention to the seismic 
qualification of auxiliary feedwater systems and the impact of an earthquake on non-safety 
systems.
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In a long report entitled, “A Review of NRC Regulatory Processes and Function”, dated
17 December 1979 [10], the ACRS made a large number of major recommendations, including 
the following:

The need for a systems approach to safety review and for a better audit of design

The need for greatly increased industry ability to handle safety matters

The need to consider accidents beyond the current design basis in deciding on the future 
approach to siting, design, and emergency measures

Modification of the single-failure criterion

The application of the probabilistic approach to design optimization for safety

The need to consider the role of control systems and all other non-systems in safety, not 
just protection and engineered safety systems. (The ACRS reiterated this recommendation 
in its letter dated 17 April 1980 on the draft NRC Action Plan [63].)

The need for a fundamental change in the approach and role of the architect engineer

A change in orientation of the NRC safety research programme from a primarily con
firmatory role to one of improvement in safety and of exploratory efforts. (The ACRS 
reiterated this point in its report to Congress of February 1980 on the NRC Safety 
Research Programme, NUREG-0657 [64].)

A few other ACRS letters of particular interest during the same time period are as follows: 

Comments on the report of the NRC task force on siting [65]

Letter to  Commissioner Gilinsky on comparative risk of energy sources [66]

Letter to Commissioner Gilinsky on measures to mitigate core melt accident [67].



IAEA-CN-39/6.S

THE EXPANDING ROLE OF 
QUANTITATIVE RISK ANALYSIS 
IN THE FEDERAL REPUBLIC OF GERMANY

A. BIRKHOFER 
Technische Universitàt München, 
Institu t für Reaktorsicherheit und Reaktordynam ik, 
Garching, 
Federal Republic o f Germany 

Abstract

THE EXPANDING ROLE OF QUANTITATIVE RISK ANALYSIS IN THE FEDERAL 
REPUBLIC OF GERMANY.

Reliability analysis is being increasingly applied in a number of technologies to optimize 
and to  assess the design of complex systems. Development of probabilistic methods in recent 
decades has been an essential prerequisite for risk analyses. The paper discusses mainly the 
present role of both reliability and risk analysis in nuclear safety. Methods and data are available 
quantitatively to  assess the reliability of complex systems. However, simplifications of 
analytical tools, and uncertainties of input data result in considerable uncertainty margins of 
the calculated figures. In many cases valuable insight can be gained from relative evaluations. 
Absolute reliability figures should be used cautiously. If reliability requirements are to be 
formally fixed, they should preferably be related to postulated accident sequences rather than 
to individual system functions. Since reliability analysis is an essential component of risk 
analysis, most aspects discussed in that context are also pertinent here. Additional problems 
arise from the necessity to calculate accident consequences. A detailed risk study has been 
performed for a nuclear power plant with a PWR. This work was not part of the licensing 
procedure. Its main task was to  give a first assessment of the accidental risk from nuclear 
power plants in the Federal Republic of Germany, and to help to gain experience with the 
application of risk assessment methodology. Nevertheless, insight gained from the study is 
influencing actual licensing procedures. The importance of risk analysis seems to be increasing, 
supporting not only technical, but also legal and political decisions mainly by supplying 
background information.

«

1. INTRODUCTION

The first proposals to  assess reactor safety by quantitative risk criteria were 
made more than fifteen years ago. I t has been argued tha t such criteria could give 
a more objective measure o f safety than the usual deterministic approach. 

The deterministic approach is based on qualitative requirements: “ credible” 
accidents have to  be taken into account, and their consequences have to  be 
mitigated by “reliable” systems. Such requirements are quantified by design 
criteria such as the single-failure criterion, and implemented by design principles 
such as redundancy.
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This procedure is quite similar to the usual approach taken by engineers when 
they have to  provide for safe and reliable functioning o f technical products. For 
single com ponents or for simple systems safety requirements can be described by 
means o f safety factors. For many cases safety factors and similar requirements 
are laid down in rules and regulations. Technical products are declared safe if 
they are produced according to  these standards.

Yet, because o f  design errors, construction flaws or unexpected loads, there 
remains the eventuality tha t systems may fail. This “eventuality” can be 
quantified either empirically or by means o f  reliability analysis. In this way an 
objective measure o f  safety margins even of complex systems can be gained. 
Reliability analysis is increasingly applied in a num ber o f  technologies to  optimize 
and to  assess the design especially o f complex systems. Examples are air- and 
space-flight technology, where pioneer work was performed in this field, electronic 
engineering, and to  some extent also process and structural engineering.

In nuclear engineering, also, probabilistic m ethods are being applied to  an 
increasing extent. Development o f  these m ethods in recent decades has been an 
essential prerequisite for risk analyses.

Risk analyses have to  calculate not only probabilities o f  system failure -  this 
is the task o f reliability analysis —, but also the probability and extent o f  damage 
potentially resulting from failures. Nuclear accidental risks cannot be evaluated 
from direct experience, since no one has been killed or injured outside a plant by 
a nuclear accident. The only way to  assess the frequency and extent o f potential 
damage is by analytical methods.

In this paper, the current status and the present role o f both  reliability and 
risk analysis will be discussed.

2. STATUS AND APPLICATION OF RELIABILITY ANALYSIS

Reliability analyses require sufficient data for all com ponents influencing 
system reliability, and appropriate analytical methods.

Reliability data so far have contained considerable uncertainties, especially 
for some process engineering and structural components. Substantial progress has 
been made through a systematic collection and evaluation o f opérating experience 
from nuclear plants. As a pilot study in the Federal Republic o f Germany, data 
were collected for more than 13000 components o f a coal-burning 300 MW(e) 
power plant from 1972 to  1978. Similar data collection and evaluation in a nuclear 
power plant started in 1977. Com ponent failure rates emerging from this work 
have been found in m ost instances to  be lower than those found in non-nuclear 
experience. Also, uncertainty ranges seem to  be smaller for nuclear-specific 
reliability data.
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Reliability analysis is posed w ith specific problems by common-mode failures. 
They become the more im portant the less sensitive a system is to  random failures.

Not all possible sources of common-mode failures will be discovered 
“ autom atically” by a systematic reliability analysis; rather, a specific check-up of 
the plant design is required. In m ost cases it is difficult to  quantify the probability 
of common-mode failures. O ften it has to  be estim ated, since only few empirical 
data are available. Improvements are expected by evaluating operational experience 
with respect not only to  com ponent failures but also to  system failures.

This could also help to  check the validity o f reliability analysis in general. 
Reasonable agreement has been found between analytical and empirical reliability 
data of systems installed in PWRs. But this comparison did not include potential 
common-mode failures.

Experience shows that in some cases incidents have been worsened or even 
directly caused by interventions o f operating personnel. On the o ther hand, human 
versatility and adaptability, which are unequalled by autom atic systems, have 
prevented adverse effects in numerous cases. Both aspects can in principle be 
taken into account by reliability analysis. It is, however, difficult to  find proper 
probability values.

O ther problems are posed by the evaluation o f  failure probabilities o f structural 
com ponents of very high reliability such as the reactor containm ent. It is still an 
open question as to  what extent probabilistic m ethods o f  structural analysis may 
bring progress in this area. Here also, the acquisition o f  data is crucial.

To an increasing extent process computers are being applied in nuclear 
plants, also for safety functions. This poses specific problems for reliability analysis 
especially since no t only the hardware but also the software reliability has to  be 
assessed.

Practical experience has been gained with a computerized protection system, 
which has been in operation in a nuclear power plant for several years. This 
system is operating in an on-line open-loop mode, in parallel to  a conventional 
reactor protection system.

The system reliability is assessed predom inantly w ith the aid o f  fault trees.
Large fault trees, as they result from complex systems, are quantitatively 
evaluated by com puter codes. These are based either on analytical m ethods, i.e. 
direct com putation from the logical links, or on simulation m ethods, i.e. Monte-Carlo 
simulation o f com ponent failures. To reduce computing time combined 
analytical/simulation codes are also applied.

Throughout, binary logic is applied in fault trees, thus discriminating in a 
simplifying m anner only two different states of a com ponent, usually complete 
functioning or to tal failure.

Advanced codes allow the calculation of confidence limits o f the results, 
starting from the confidence limits o f the com ponent data. O ther developments 
are aiming, for instance, at substituting a more realistic representation for the
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binary logic in fault trees or at considering the dynamic evolution of accident 
sequences.

From this survey o f the status of reliability analysis it can be concluded that 
m ethods and data are available quantitatively to  assess the reliability o f complex 
systems. However, simplifications o f analytical tools and uncertainties of input 
data result in considerable uncertainty margins o f the calculated figures. The 
present significance o f reliability analysis in the field of nuclear safety has to be 
discussed in the light o f this situation.

In some instances, application of probabilistic methods is required by rules 
and regulations. The “ Safety Criteria” o f the Federal Minister of the Interior 
demand: “ In order to  verify the well-balancedness o f the safety concept, and to  
supplement the deterministic methods of safety assessment o f reactors, the 
reliability o f safety-related systems and main components should be evaluated 
using probabilistic m ethods as far as this is possible according to the state of thé 
art w ith sufficient accuracy” .

Although deterministic m ethods still play a key role in the safety assessment, 
it is now usual to  perform reliability analyses of essential systems o f nuclear plants 
in the course o f licensing procedures. Required reliability values are, however, 
not yet formally specified. Rather, they are emerging as a m atter of practice.

If reliability demands ought to  be fixed, they should not be unrealistically 
high. Unavailabilities well below 10~4 per demand can hardly be realized for 
individual systems even with ample redundancy, especially as far as process 
engineering systems are concerned. Above all, it is questionable whether extremely 
low system unavailabilities can be proven analytically.

Reliability demands should no t be related to  availabilities o f individual 
systems, bu t rather to  the frequency of accident sequences as a whole. The 
frequency o f an initiating event and the failure probabilities o f systems required 
to  cope with this event have to be considered jointly. This interrelation is 
presented in Fig. 1.

Given the unlikeliness o f such events as very severe transients or breaks of 
high-quality-standard coolant pipes one comes to  acceptably low core melt 
probabilities w ith achievable availabilities o f individual or interconnected safety 
systems.

For more likely events, such as operational transients, which occur with a 
frequency o f up to  several times a year, the situation is different, as is shown on 
the left-hand side o f the diagram.

In these cases, it does not seem to be possible to  prove very low core melt 
frequencies, if the interception o f the accident sequence depends on the function 
of an individual system or o f interconnected systems. Therefore, to  cope with 
such likely initiating events, either operational systems have to intervene prior to 
the actuation o f safety systems, or at least two different safety systems have to  be 
installed, coping independently with the accident sequence. The probabilistic
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FIG.l. Accident prevention for likely and unlikely events.

approach helps in defining criteria on the reliability o f  safety systems taking into 
account the frequency o f initiating events.

The diagram indicates tha t by means o f consequence mitigation systems such 
as, for instance, a containm ent, the frequency o f severe fission product releases 
to  the atm osphere can be considerably reduced as compared w ith the frequency 
o f core damage.

The situation discussed above makes it necessary to  consider the interaction 
of systems co-operating in postulated accident situations. Reliability analysis is an 
efficient way to  check whether undesired dependences have been avoided by the 
actual system design.

Given the present status o f m ethods and data base, mainly those cases are o f 
practical interest which involve relative evaluation o f reliability o f  systems.

Weak points o f system design can be detected by a reliability analysis, w ithout 
undue reliance on the accuracy o f absolute reliability figures. Also, relative 
reliability assessment is sufficient to  decide between different system variants, to 
optimize m aintenance procedures, and to  determine appropriate maximum allowable 
repair times for com ponents in redundant systems.

Reliability analyses are carried out for the design and safety assessment of 
nuclear plants as well as within the scope o f safety research. This relates no t only
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to  light-water reactors, the type commercially used in Germany, bu t also to  the 
new reactor concepts o f  HTR and FBR, and for nuclear fuel cycle facilities.

Summarizing, it can be stated:

Reliability analysis is playing an increasing role in safety design and assessment of 
nuclear plants

Reliability requirements are not formally fixed, in any case they should refer to 
postulated accident sequences and to  the frequency o f their initiating events

Absolute reliability figures should be used cautiously

In many cases relative evaluations can give valuable insights.

3. STATUS AND APPLICATION OF RISK ANALYSIS

Since reliability analysis is an essential com ponent o f risk analysis, most 
aspects discussed in that context are also pertinent here. Additional problems 
arise from the necessity o f tracing the accident sequences down to  core melt and 
to  the release o f fission products into the environment, and from the necessity of 
determining the dispersion o f fission products in the environment and the possible 
extent o f health and property damage. Thus, an increase o f  the uncertainty ranges 
o f the results has to  be expected.

Some of the required analytical m ethods and input data have been adopted 
from other activities, like accident analyses within the scope o f licensing procedures, 
and from results o f  reactor safety research. Others, however, had to  be newly 
developed, e.g. the model for the calculation o f accident consequences.

Risk analysis o f complex technical systems has to  account for influencing 
quantities which cannot be determined exactly because o f incomplete knowledge. 
Besides com ponent failure probabilities, there are many other uncertain parameters 
which influence the calculated probabilities and extent o f damage. Confidence 
intervals deriving from such uncertainties can in principle be estimated. It is, 
however, very difficult to quantify all uncertainties influencing the analysis.

Obviously it is impossible to  analyse explicitly all conceivable initiating events 
and their consequences. The detailed analysis has to  investigate such initiating 
events which cover all the others w ith regard to  consequences. Accordingly, the 
estimated frequency o f an initiating event has to  include contributions from other 
subsumed events. The possible sequences o f  an accident resulting from an initiating 
event are systematically arranged and their frequencies and consequences are 
assessed. O f course, in principle the possibility o f missing essential effects or of 
underestim ating frequencies remains.

A systematic approach renders such omissions improbable. However, a 
positive proof o f  completeness is no t possible. In any case, the qualification o f the 
analyst and detailed knowledge o f the respective systems play an essential role.
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Studies aimed at the estimation o f risk from nuclear accidents are being 
carried out in the FRG for various plants.

On behalf o f the Federal Minister o f Research and Technology a detailed risk 
study has been perform ed for a nuclear power plant w ith PWR. The study refers 
to  Biblis B, a KWU-type PWR, which has a rated thermal power o f  3 750 MW, 
and which started commercial operation in January 1976. To calculate accident 
consequences, typical German site conditions have been considered.

This work was no t part of the licensing procedure. Its main task was to  give 
a first assessment o f the accidental risk from nuclear power plants in the Federal 
Republic of Germany, and to  help to  gain experience with the application o f risk 
assessment methodology.

M ethods and assumptions followed largely the US Reactor Safety Study. 
Results o f  the first phase o f  the German study were published last year [ 1 ]. In a 
second phase selected problems will be investigated in more detail and more recent 
m ethods and data will be applied.

The frequency of core meltdown is one o f the key figures in the risk assess
ment o f a light-water reactor. For the reference plant o f the German Risk Study 
a core m elt frequency of about 1 to  10 000 per year has been estimated applying 
event tree and fault tree analysis.

There are good reasons, however, to  regard this figure as a pessimistic 
estimation o f an expected value. So the accident analysis has been based on 
evaluation models and criteria used within the licensing procedure. These are 
aimed at a pessimistic approach.

In o ther respects also, present knowledge is insufficient for best estimate 
analysis. In these cases assumptions leading to  pessimistic results have to  be made.

In spite o f such problems, valuable inform ation can be gained from risk 
analysis.

Figure 2 shows the contribution o f different initiating events on the overall 
core m elt frequency. The loss o f main coolant through a small leak in a reactor 
coolant pipe dom inates all o ther contributions. In comparison, a large break in 
the main coolant piping is o f very little significance. This is mainly for two 
reasons:

Small leaks have to  be assumed to  occur more frequently than medium or large 
breaks.
In order to  establish long-term decay heat removal, the reactor has to  be cooled 
down by the secondary system. In the reference plant, operator action is necessary 
to  initiate and control this task in the case of a small leak. The influence of 
manual actions reduces system availability significantly.

In the meantime  system modifications have been made which are expected 
to  reduce considerably the contribution o f a small leak to  core m elt frequency.

This is one example o f quite a num ber of system improvements which were 
identified and realized. This type o f  insight does not require the calculation of 
accident consequences. I t is sufficient to calculate core m elt frequency.
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FIG.2. Relative contribution of various initiating events to core melt frequency.

After fission products have been released into the containm ent during a core 
melt accident, their impact on the environment depends on the state o f the 
containm ent. Containm ent integrity may be lost due to  fast or delayed mechanical 
destruction or overpressure failure, or due to failure o f containm ent isolation.
By combining results o f core m elt analysis w ith the analysis o f  containm ent failure 
modes and fission product behaviour in the containm ent, the am ount and frequency 
of fission product releases from the plant to  the atmosphere were obtained.
Then, the atmospheric dispersion of fission products and the resulting radiation 
exposures were calculated. Finally, health effects and — according to  the 
population data — the num ber o f persons afflicted by health damage were 
estimated.

Figure 3 shows the correlation between the number and frequency o f acute 
fatalities which could be caused by radiation exposure to  the public after a nuclear 
accident. With 25 plants in operation, the frequency with which fatalities are caused 
has been estimated at about 10-s per year. The study has made an attem pt to 
quantify confidence intervals o f the results. The intervals, shown at selected points, 
comprise those uncertainties which could be quantified at least on the basis o f 
experts’ judgements. No attem pt was made to estimate the influence o f a number 
of pessimistic assumptions, resulting in an overestimation o f risk, or o f contingent 
incompleteness of the analysis, resulting in an underestim ation of risk.

From  this figure it can be concluded tha t large consequence events are 
extremely unlikely. Figure 4 shows that these low frequencies represent the 
product o f several factors. Considering 25 plants, calculations show a core melt
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FIG.3. Frequency of early fatalities (25 plants).

frequency o f 1 to  400 per year. Given a core meltdown, fission product release to 
the atmosphere is limited by the containm ent in most cases very effectively. There 
is a chance of 1 in 16 that, as a consequence o f severe and short-term containm ent 
failure, potentially lethal doses would appear.

Consequences, then, depend on weather conditions and population distri
bution. The chance is 1 in 10 that fatalities are caused.
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FIG.4. Frequency of accident consequences (per year, 25 plants}.

Altogether, given a core m elt accident, the probability is higher than 99% 
tha t no fatality will occur. A great number o f fatalities could only occur if after 
the m ost severe accident unfavourable weather conditions coincided with specific 
site conditions. Therefore, accidents with a large num ber o f fatalities are extremely 
unlikely.

Besides fatalities, late health effects have been calculated. Results o f  the risk 
study have been presented on various occasions (e.g. Ref. [2]), and will therefore 
not be presented here in further detail.

A t the time o f the TMI-accident the German Risk Study had been almost 
completed. The question has been asked as to  whether the sequence o f events 
occuring at TMI had been considered in sufficient detail.
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When interim results of the study were published in November 1977, a small 
leak via a stuck-open pressurizer relief valve resulting from a transient significantly 
contributed to core melt frequency. Subsequently, the probability of this accident 
sequence was reduced considerably by plant improvements.

Although the design of TM I is quite different from the reference plant of 
the German Risk Study, the first phase of the TM I accident was similar to the 
above-mentioned sequence.

At TM I the leak closed after some time. However, significant portions of the 
coolant had already been lost. Thus, the reactor had to be cooled with only a part 
of its normal coolant inventory.

Because the study did not take into account the re-establishment of failed 
system functions, the actual sequence of events occuring at TM I was not considered. 
Explicit treatment of time-dependent effects would require detailed simulation of 
the physical phenomena during an accident. Since validated simulation models 
for degraded core accidents are currently not available, it has pessimistically been 
assumed that accident sequences similar to the TMI-accident result in a total core 
meltdown.

Given this background to the situation described, one may ask to what extent 
risk analyses are an appropriate instrument to assist decision-making.

From a technical point of view, risk analysis obviously has all the advantages 
of a comprehensive reliability analysis. This can help to minimize the frequency 
of severe accidents by optimizing the plant design with respect to accident 
prevention.

It has already been mentioned that insight from the German Risk Study has 
influenced licensing, although it is not formally included.

From investigations of the plant response to core melt accidents conclusions 
could be drawn how to mitigate effectively the consequences even of core 
disruptive accidents.

Priority should be given to the prevention of severe accidents. Consequence 
mitigation should have only a subsidiary function. This approach has proven 
effective in many technologies. It  is true that accident prevention may seem to be 
much more complicated, because a great number of initiators and sequences have 
to be allowed for.

Consequence mitigation, on the contrary, is often considered as a straight
forward task, which can be performed essentially by passive systems with an 
“umbrella” safety function. That means they intercept not only specific accident 
sequences, but prevent or confine fission product release after a wide spectrum 
of accidents.

The containment is a typical example of such a system. It  retains radioactive 
material released from the primary system regardless of further features of an 
accident. It  is relatively easy to explain this system even to the general public.

The containment design can take as its point of departure well-defined loads 
to be expected during design basis accidents. The situation will become much
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more complicated if extremely abnormal plant states have to be considered, such 
as those resulting from core melt accidents. Seemingly simple measures for 
consequence mitigation may turn out to be ineffective under real accident condi
tions, because problems arising may not have been accounted for sufficiently.

Despite these reservations, consequence mitigation measures have great 
influence in minimizing risk. The German Risk Study has shown that even after 
a core meltdown acute fatalities would be caused only in the case of early contain
ment failure. In order to achieve extremely low probabilities of major consequences, 
a consequence-limiting device such as the containment has to be designed in such 
a way that the containment function is independent of those safety systems 
protecting core integrity.

The use of the accident consequence model of the risk study may help to 
optimize emergency procedures. Findings of the study are being discussed in the 
boards responsible for these questions.

In the Federal Republic of Germany, as in most other countries, licences of 
nuclear plants are subject to court decisions. In many cases the courts have to 
decide whether the provisions are sufficient to exclude undue hazards to the public 
from the operation of nuclear power plants. In evaluating the required provisions 
the current status of science and technology has to be considered.

Problems always arise when the undefined legal terms “current status of 
science and technology” and “required provisions” have to be concretized. The 
idea suggests itself of fixing by law a permissible risk level and of proving that this 
risk will not be exceeded. The proof that the risk from a specific plant does not 
exceed a specified level is a technical problem. The difficulties discussed concerning 
methods of risk analysis suggest that it is currently not feasible to furnish legally 
unquestionable evidence about the absolute level of risk remaining despite all 
safety measures. With our present knowledge it is doubtful if  the problems 
mentioned can be solved in a satisfactory way.

The problem of fixing a permissible level of risk is primarily of a political 
nature. Legislation by parliament would be required, and it must be doubted that 
it could be induced to take such action. At present, the public is not used to 
dealing with and interpreting numbers relating to risk. As long as this situation 
persists, it is understandable that politicians have reservations about declaring 
certain risks, and thus implicitly certain damage, acceptable.

One step to improve the situation is to extend risk analysis to non-nuclear 
energy and other technological systems. The Minister of Research and Technology 
has started a programme in this area.

Below the level of formal decision-making, risk analyses may influence public 
opinion. In this process, two opposite reactions become evident. On the one hand, 
the intention to analyse risks, and the potential to minimize them are appreciated 
by the public. On the other hand, detailed analysis may make the public conscious 
of a certain risk and conflict with the human reaction to suppress the notion of risk.
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Nevertheless, risk analyses seem to be gaining increasing importance as support 
not only for technical, but also for legal and political decisions, mainly by supplying 
background information.

More and more our society is demanding an assessment of the impact of 
certain technologies prior to large-scale implementation. Risk analysis may play 
an essential role in technology assessment, although many other aspects have to be 
considered if  the best solutions are to be found.
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1. INTRODUCTION

Nuclear power plants are designed to cope with all anticipated malfunctions. 
These are identified by utilizing available engineering judgement, sets of pre- 
established criteria, and accident analysis techniques. During recent years, 
probabilistic safety analyses have keen performed to optimize the safety features 
of nuclear power plants, and to estimate the correlation between accident risk and 
the operation of specified types of nuclear power plants under specific siting 
conditions. In these studies, systematic analyses were made of potential initiating 
events, accident sequences, and their related probability of occurrence. Assess
ments o f radioactive releases to the environment and their environmental 
consequences were also made.

In an effort to cope with all possible malfunctions, including those which 
cannot be anticipated, new and additional safety features have been proposed, 
which would reduce the effects of rare extreme-case accidents. These include 
vented containments, core catchers, and underground siting. The objective of 
the panel was to discuss these and assess them for their potential to reduce risks.

2. PREVENTION OR M ITIGATIO N OF NUCLEAR ACCIDENTS

A panel member started the discussion by referring to the public’s 
feeling of uncertainty about the nuclear power plant risks that could originate 
from low-probability, large-consequence accidents. This creates a strong incen
tive to develop an approach to solve the nuclear safety issue and simultaneously 
achieve public acceptance of nuclear power. Since risk is determined by accident 
probability and consequences, risk reduction can be obtained by prevention and by
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mitigation of accidents. Although the speaker gave priority to accident prevention 
and proposed that more than half of the safety research money be spent on it, 
he also emphasized the need to pay sufficient attention to mitigation. Retention, 
in case of accident, of potentially contaminating radioactive material, especially 
the long-lived radionuclides like caesium, was mentioned as a primary goal in this 
context.

In order to cope with extreme events, the panel member proposed the 
development of vented containments, core catchers, undergound siting, etc. He 
explained the basic principles of each of these mitigating devices. I f  an accident 
occurred at a plant having a vented containment, the gases and steam released in 
the containment space could be cooled, partially decontaminated and filtered 
before they were discharged to the environment. With this safety feature, water 
basins could be included to cool the fluids and retain iodine, caesium, etc. After 
the accident, water purification could very well be accomplished with use of new 
titanite absorbents, and the radioactive waste could be sintered into meganite 
solids and safely disposed of. Another retention facility which could be included 
in this safety feature is a large-volume tunnel filled with a material such as sand, 
so that practically no radioactive material would escape. This should hold even 
radioactive materials difficult to retain, like methyl iodide, krypton, and xenon.

The speaker also discussed other mitigating devices. He described the 
advantages of having a core catcher which could retain a melted core, and he 
outlined its possible design. Then he proposed the possibility of putting nuclear 
power plants underground, which might offer a complete solution for most safety 
problems. The cost penalties, which would be approximately 20% for underground 
siting and about 1% —2% for the vented containment with tunnel filter and core 
catcher, would not be sufficient to offer a strong argument against these mitigating 
devices.

3. FLEXIBLE DESIGN FOR SAFETY

Another panel member opposed the preceding view by pointing out that the 
safety of a plant is the result of many complementary efforts. The objective is to 
reduce the risk, which is assumed to be a function of the probability and of the conse
quences of an accident. Paying attention mostly to mitigating the consequences 
of very improbable events would be a one-sided approach; it is advisable to give 
equal attention to reducing the probability that an accident will occur. Where 
a nuclear power plant can be sited in an area of low population density and at a 
sufficient distance from any large population centre, this is an appropriate 
approach for improving safety, and of reducing to an acceptable level the risks 
which might result from airplane crashes and chemical explosions. This approach 
is typical for large nuclear power plants.
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A different solution is to be found in cases where the siting factor cannot 
be as favourable, as in the case of nuclear heating plants which must be close to 
population centres. In such cases prevention of large-consequence accidents is 
accomplished by specific design features to protect against external events such 
as airplane crashes and chemical explosions; simultaneously, these plants are 
designed to ensure a low probability of internally caused accidents by using low 
power density, low coolant pressure, low fuel temperature, natural circulation, etc. 
These inherent safety features enhance accident prevention.

4. ‘UN LIKELY’ VERSUS‘UNEXPECTED’ EVENTS

The next speaker raised a terminology issue which had an important practical 
significance. He observed that one has to differentiate between unlikely and 
unexpected events. Unlikely events should be expected. Traditionally, nobody 
prepares himself for unlikely events which have never previously happened. At 
Three Mile Island, the operators did not believe what the instrumentation told 
them, because they were confronted with an unlikely and unexpected situation. 
This emphasizes the necessity o f training personnel to expect unlikely events so 
they can be prepared to cope with them. This is done in the aviation industry, 
where it has been found that the best defence against very unlikely accidents is a 
well-educated, thoroughly trained crew, which has available a good instrument 
panel, and which is prepared to cope efficiently with unexpected occurrences.
This is what the nuclear industry should achieve with its operating teams. I f  an 
accident occurs, it is essential that the operators believe that it has occurred. 
Aircraft crews, who are trained to believe their instruments, do not think, when a 
thermocouple reads off-scale, that the thermocouple is faulty.

I t  is possible to calculate the likelihood of unlikely accidents and to direct 
efforts towards preventing them and mitigating their effects. Mitigation by means 
of distance has been given too much emphasis in the past. Devices such as vented 
containments can be viewed favourably, but a balanced, reasonable approach is 
required, not going too far in designing against the unlikely. Priority should be 
given to the more probable events. Not enough attention has been paid to the 
known unresolved safety problems, even during this conference.

5. A DEVELOPING COUNTRY’S POINT OF VIEW

The next panel member represented a developing country which is rapidly 
approaching the stage of industrialization. He pointed out that in his country, 
American criteria are generally used for deciding safety issues. Much emphasis is 
given to simulator training of operators and to implementation of a complete
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quality assurance programme. The speaker also emphasized that the absence of 
any major public acceptance problem permits adoption of an approach justified 
on purely technical grounds, employing probabilistic risk assessment techniques. 
However, regulatory decisions are not based on these techniques. In his opinion, 
efforts to improve nuclear safety should concentrate on more likely events, and 
on investigation of the contribution of the human factor to the evolution of 
accidents.

6. DESIGNING FOR THE LIKELY AVOIDS THE UNLIKELY

The panel member representing the designer’s point of view expressed his 
reluctance to design against extreme events which are even more unlikely than 
those now being considered. Since design basis accidents are already very unlikely 
events, it appeared unreasonable to him to go beyond this category and require 
technical features to cope with class-9 accidents having a still lower probability of 
occurrence. To improve safety, it is much more important that all reactors be 
designed to prevent the more likely accidents; and if  these do occur, to control 
them so that, in any case, they do not evolve into extreme accidents. He expressed 
some doubts that all existing reactors are well designed against the more likely 
transients such as loss of load, loss of power supply, and small-leak loss-of-coolant 
accidents (LOCA).

The TM I incident (a small-leak LOCA) was actually a very likely incident 
which evolved into a very severe accident. I f  the much discussed devices such as 
the vented containment and the core catcher had been provided for the TM I 
plant, the evolution of the accident would not have changed at all. I f  reactors 
were well designed against such likely incidents, further design against the unlikely 
would not be needed.

The main contributions to the overall plant risk derive from operator errors, 
unscheduled transients, equipment failures, and conditions in the plant which 
are unsuitable for safety.

Rather than designing for the unlikely, it is more important to take actions 
to avoid these occurrences, many of which are not related to the primary system 
but to the balance of the plant, particularly to the feedwater system. One should 
pay more attention in general to the heat sink of the plant.

In  summing up, the speaker recommended that one should design against 
likely transients and accidents, and decide only on the basis of careful risk analysis 
whether it would be necessary also to include means to mitigate improbable 
consequences. Examples of these means would be the use of a vented containment 
or core catcher, or adoption of remote siting or undergound construction of 
nuclear power plants. His expectation was that such analyses would clearly show 
that these mitigating features would not be necessary.
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The last panel member agreed with the statement of the previous speaker 
that it is essential to look at the balance of the plant, in order to achieve an 
appropriate safety level. Underlining one of the points previously raised, he also 
stressed the importance of carefully designing for the likely, and of setting up a 
good organization capable of facing the unlikely. As a matter of fact, accident 
analysis cannot cover everything. A comprehensive design for the unlikely is 
impossible, and one should not attempt to achieve it, since the cost-benefit ratio 
would be very poor. The risk of nuclear power plants should be seen in the 
context of all the risks of modern life, and to require reduction of a risk which is 
already very low in comparison with many others would be unreasonable. To 
design for the unlikely through use of accident-mitigating devices would result in 
more complicated plants; real improvements will not be achieved by making 
plants more and more complicated.

We must simplify the systems, improve instrumentation for early detection 
and diagnosis of abnormal conditions, and study the response of the plant to 
typical transients which could derive from human errors. Multiple analytical 
techniques should be used in design analysis, e.g. single-failure, reliability, and 
multiple-barriers analysis, in order to improve the design against common-mode 
failures. The speaker cautioned that intensified training would not much improve 
the response of operators under accident conditions. The reaction of an operator 
who is under stress, and knows that his actions might have severe consequences, 
could be very unreliable. Control, under these conditions, should be left with the 
automatic system; the role of the operator should be mainly to optimize the 
operation. He should never be left as the only means for coping with an accident 
condition.

7. VENTED CONTAINMENT, CORE CATCHER

The possible development of specific mitigating devices — the vented 
containment, core catcher and underground siting — for coping with unlikely 
accidents stimulated a hot debate. The basic question which must be answered is 
whether money can be better spent on preventing accidents or mitigating their 
consequences. Among the arguments against use of these mitigating devices were 
the following:

( 1 ) It  is difficult to judge when venting of vapour and gases from the 
containment would improve the situation.

(2) The venting would reduce excessive pressure, but it might not reduce 
the potential for hydrogen explosion. Steam condensation could also 
increase the hazards.

(3) In case the containment leaks, a vented containment would be of no 
advantage.
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(4) The core catcher may not be necessary, because it does not add a great 
deal to safety. It is anticipated that in case of a melt-through accident, 
the core might penetrate into the ground; but it would most likely 
become isolated through a process of incrustation. The potential for 
soil contamination would be reduced due to the low water solubility of 
the incrusted core.

In response to these arguments, the following points were made concerning 
the advantages of including mitigating devices in addition to preventive measures:

(1) Even if  venting proved to be unnecessary, radioactivity would in any 
case be retained in the filtering units.

(2) There are devices available to cope with the hydrogen generated during 
an accident.

(3) It  was recognized that, to ensure efficiency of venting, it would be 
essential to isolate the containment.

It  was also pointed out that use of these devices would avoid the need to 
decontaminate caesium-contaminated soil, a process which would be very expen
sive and might not even be possible.

Advocates of the mitigating devices — vented containment, underground 
siting, and core catchers — argue that it is at least worthwhile to study them. 
Cost-benefit analysis may well discourage their application if it appears that only 
minor risk reductions would be achieved. It was also pointed out that core 
catchers could only be used in new facilities, not added to existing ones.

8. SIMPLIFICATION VERSUS COMPLICATION

In the further discussion, there emerged a consensus among the panel 
members who represented the views of designing organizations, opposing the 
addition of more and more devices in an effort to improve safety. A more 
complicated plant would increase the probability-of failures. One way to decide 
when one should stop adding new devices to a plant would be to use risk analysis. 
However, for certain very unlikely accidents the present knowledge may not be 
sufficient to arrive at a clear decision. A better approach to improve safety can be 
to simplify the design by utilizing natural processes to protect the plant,-i.e. by 
designing plants with inherent safety features.

But how can we answer the question as to whether to add additional safety 
devices? What level of safety should be considered adequate for nuclear power 
plants? One suggestion was that this should be resolved through the democratic 
decision-making process and should be left to the politicians. The scientific 
community should work out the technical elements, and present the alternatives 
to nuclear power. It  should go no further, and it would thus retain prestige.
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Scientists could present risk comparisons and cost-benefit considerations as 
elements to be taken into account by the decision-makers. This conclusion could 
be drawn from events which occurred in Sweden and in other countries. This 
approach would require that the scientific community present comprehensive 
information not limited only to very specific issues, but broadened to include the 
whole spectrum of options — including the oné of having insufficient power — 
and the societal consequences for each option. In the past this has not always 
been done.

9. ONGOING M ITIGATIO N STUDIES

With reference to the paper he presented during the conference, which listed 
some past design and operating errors, the Chairman questioned the position taken by 
some designers that it is unnecessary to perform new studies to investigate whether 
there would be any potential gains in safety to be derived from the introduction 
of new mitigating devices.

The answer, from a designer, was that there have been many studies performed 
on mitigating devices such as vented containments, core catchers, and underground 
siting. However, the preliminary or partial results of these studies have often been 
misinterpreted and misused by authorities and politicians, e.g. by translating a 
statement regarding feasibility of a device into a licensing requirement and then 
simultaneously neglecting the overall safety implications. Such actions have 
proved to be detrimental to the overall process of unbiased safety research and 
development.

In the further discussion, there were varying opinions regarding the usefulness 
of additional mitigating devices. However, agreement was reached on the need 
for continuous work on true improvements in safety. A proposal was made to 
establish incentives for developing ultra-safe reactors; perhaps an Eklund Award 
for Advancement in Nuclear Safety should be established.

Stimulated by a question from the audience, the issue was raised concerning 
the feasibility of designing reactors that would not require active systems for 
cooling down. It  was pointed out that it is feasible to design such reactors, but 
they would have to have a power density lower by a factor of 10 than those now 
in use, and a unit size lower by a factor of 5. These would not be economically 
competitive. Their application would be limited to specific cases and locations.

10. AUTOMATIC VERSUS MANUAL ACTION

The discussion by the panel then turned to the issue of improving safety by 
giving priority to adoption of automatic devices for coping with accidents. The
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strong position in favour of automatic action, at least for a certain period of 
time after the start of the accident, was questioned by a panel member who 
considered that operator action gives more flexibility. He pointed out that 
everybody complains about the operator when something goes wrong, but nobody 
acknowledges regular and smooth operation. He then referred to the aviation 
industry, where in the case of an accident there is an automatic sequence of events. 
However, in an emergency, the pilot still retains the decisive position.

General agreement was reached as regards the need to improve operator 
response. Operators must be properly trained and informed; but, if  the number 
of alarms appearing in case of an accident is too large, it will be confusing to the 
operator, no matter how well he is trained. Better presentation of information is 
therefore required. One panel member, who favoured adoption of automatic 
controls, pointed out that the Three Mile Island accident would not have occurred 
if  more modern control technology had been in use, but another felt that the 
inadequate training of the operators was at fault. This disagreement remained 
unresolved. The necessity of simulator training to simulate accident conditions 
was stressed. On the other hand, it was pointed out that operators should not be 
held responsible for errors of the designers.

This triggered a discussion on the advantages of automatic versus manual 
actions in accident situations, and on the likelihood of human errors under stress. 
One panel member pointed out that in the Federal Republic of Germany 
the basic approach is to provide for automatic action during the first 
30 minutes, so that manual intervention would not be necessary. This was 
supported by a comment from the audience, quoting experimental results which 
show that a situation of stress causes the probability that the reaction will be 
wrong to rise from 10-3 to 10-1 per demand. It  is clear that human beings are 
not very reliable in this first period of the accident, even if  they have had intensive 
training. Some questions raised doubts concerning the 30-minute rule and the 
exclusion of any operator action to cope with unforeseeable development during 
that period. The response was that the reactor protection system will be adequate 
in most cases, although there would conceivably be cases that would not be covered. 
An early operator interference would constitute an incalculable risk factor and, 
therefore, should be avoided. Another panel member confirmed that the same 
basic approach was taken in France, i.e. automatic action during the first half- 
hour after an accident. But the French position is that there could be situations 
in which the operator has to intervene before the end of this period.

It was also pointed out that one of the lessons learned from TM I was that, 
since it is essential to maintain sufficient water in the core and adequate cooling 
capability in the steam generator, this would be best achieved by use of automatic 
devices, in addition to improved operating procedures. Another comment from 
the audience, reflecting an operator’s point of view, agreed that during the first 
few minutes the operators should do nothing other than to assure themselves that
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the automatic devices are working properly. In certain cases these devices would 
have to be corrected, but this should be done only after five minutes of reflection 
during which the operator would receive and absorb information on the situation. 
The main things the operator wants from the designer and the architect engineer, 
said this speaker, are good operating procedures. However, these are not always 
available.

11. BASIC RULES OF THUMB

One of the panel members responded by saying that, although nuclear power 
plants are much more complicated than most technical facilities, there are certain
operating rules which are never wrong. The basic rules for the operator of a nuclear
power plant might be phrased as follows:

(1) Much water helps much on the primary and on the secondary side.
(2) Cool the plant down and depressurize it.
(3) Look for your power supply.

Compliance with these rules will at least assure that appropriate actions are 
taken during the first minutes of an accident.

12. SUMMARY

There was agreement among the panel that, to maintain and improve the 
safety standard of nuclear power plants, the most reasonable approaches should be 
sought. In order to cope with likely as well as unlikely events, effective preventing 
and mitigating devices should be available. Whereas the appropriate combination 
to cope with events up to and including design basis accidents has already been 
established, a similar approach to cope with the more unlikely events has not 
been agreed upon.

None of the panel challenged the priority of preventive features, many of 
which were discussed during the panel, but the role of mitigating devices was 
viewed differently. Some participants were reluctant to recognize any major 
advantage in having vented containments, core catchers, and underground siting 
for future nuclear power plants. Others expect that these represent the ultimate 
solution to the public acceptance of nuclear power. The resolution of the issue 
can only be achieved after further studies have been performed, which address not 
only the technical details of the devices and their interaction with the nuclear 
power plant as a whole, but also determine the overall risk reduction achievable 
and compare the advantages of these mitigating devices with other remedial actions
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initiated since TMI. Therefore, any immediate action would be inadvisable, even 
detrimental, but the issue must be studied further in order to permit a final 
decision at a later date that will be based on objective evidence.

With respect to alternative remedial actions, the issue of automatic versus 
operator control in accident situations was discussed, and proved less controversial. 
The consensus appeared to be that the designer should always take into account not 
only the capabilities but also the limitations of the operator. To compensate for 
reduced human reliability under stress, automatic action to cope with accident 
situations should always be provided. This would relieve the operator from having 
the sole responsibility for immediate action. It would also permit him to familiar
ize himself with the new status of the plant and enable him to get ready to assume 
responsibility for follow-up action. Optimized instrumentation, improved 
diagnostic tools, and clear operating procedures should also be available for this 
follow-up period. The operator, however, would remain the master of the plant, 
and the automatic devices would operate at his command, not vice versa.
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Abstract

RADIOLOGICAL EMERGENCY RESPONSE PLANNING IN PENNSYLVANIA.
The most important aspect of emergency preparedness is to recognize and accept the 

fact that there exists a potential for a problem or a condition and that it requires some attention. 
Emergency plans should be sufficiently flexible so as to  accommodate the emergency situation 
as it unfolds. Of the several emergency responses that may be taken following a nuclear power 
plant accident evacuation evokes the greatest attention and discussion as to whether it is truly 
a feasible option. Movements of people confined to mass care facilities or on life support 
systems involve special requirements. The Three Mile Island accident has been the most studied 
nuclear incident in the history of the nuclear power reactor industry. The findings of these 
reports will have a major influence on nuclear powei issues as they are addressed in the future. 
The question remains as to whether the political leadership will be willing to provide the 
resources required by the emergency plan. Future safety and emergency response to nuclear 
accidents depend upon Government and industry acting responsibly and not merely responding 
to  regulations. The Three Mile Island accident has had some beneficial side effects for the 
emergency management community. It has: increased the level of awareness and importance 
of emergency planning; served as a catalyst for the sharing of experiences and information; 
encouraged standardization of procedures; and emphasized the need for identifying and 
assigning responsibilities. The Emergency Management Organization in responding to a disaster 
situation does not enjoy the luxury of time. It needs to act decisively and correctly. It does 
not often get a second chance. Governments, at all levels, and the nuclear power industry 
have been put on notice as a result of Three Mile Island. The future of nuclear energy may 
well hang in the balance, based upon the public’s perception of the adequacy of preparedness 
and safety measures being taken.

On 28 March 1979, world attention became centred on the Harrisburg area. 
Pennsylvania experienced what was to be regarded as the worst reported accident 
in the history of commercial nuclear energy. At 4 a.m. on Wednesday near 
Middletown, Pennsylvania, at the Three Mile Island Nuclear Power Plant, a pump 
supplying water to Three Mile Island Unit 2 ’s steam generator failed. Control 
rods stopped the fission process, but a series of equipment malfunctions and 
human errors caused the core to overheat, resulting in a release of radioactive

* Formerly Director of the Pennsylvania Emergency Management Agency, Harrisburg, 
Pennsylvania, United States of America.
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gases into the atmosphere. In subsequent days, there were further radioactive 
releases which caused the Governor to issue a precautionary evacuation ‘advisory’ 
for pregnant women and pre-school age children within a five-mile radius of Three 
Mile Island. Although a general evacuation was never ordered by the Governor, 
the voluntary large-scale exodus of area citizens after the Governor’s selective 
evacuation ‘advisory’ demonstrated that a general evacuation order could cause a 
similar reaction far beyond the area considered at risk.

Planners at Federal, State and local levels realized that the accident could 
have effects that reached beyond the five-mile radius that, prior to the incident, 
had been considered the outer limit for nuclear incident planning. That realization 
provoked a period of intense activity at all levels of government to prepare for a 
potentially massive evacuation.

On 30 March a Nuclear Regulatory Commission ‘advisory’ recommended a 
ten mile radius for evacuation, involving approximately 135 000 people. However, 
at the height of the crisis period 39% of the population (140—170 000) within a 
15-mile area had evacuated the area voluntarily. The costs of this evacuation alone 
have been estimated at US $9.8 million, not including lost income or wages of the 
evacuees. Approximately $1.3 million has been reimbursed by insurers of the 
Three Mile Island facility, mostly to people living within five miles of Three Mile 
Island who met the criteria of the Governor’s selective evacuation ‘advisory’.

By late evening on 30 March the Nuclear Regulatory Commission recom
mended to Commonwealth officials that they expand the evacuation planning 
radius to 20 miles -  involving some 650 000 people.

Of the several emergency responses that might be taken following a nuclear 
plant accident, evacuation evokes the greatest attention and debate as to whether 
it is truly a viable option. It  is also the public’s measuring device for assessing the 
state of preparedness of local government.

Expeditious notification to local officials and warning of the public is a 
focal point for consideration and concern in evacuation planning. Experience 
during the Three Mile Island incident showed that the public had received varied 
and often conflicting information from the media about what was happening at 
Three Mile Island. Lack of a centralized information source for the media caused 
the public’s perception of the accident to be initially clouded. This contributed 
to widespread apprehension, not only of local residents, but also among groups 
at relatively great distances from Three Mile Island. Release of the Governor’s 
‘advisory’ recommending the evacuation of pregnant women and pre-school 
children, plus fragmented reports disseminated through the newspapers, radio, 
and television, caused families to pack their bags and leave. Since this questionable 
and often obscure information was received over a 72-hour period, individual 
decisions to evacuate were likewise extended. Movement out of the area appeared 
to be little more than the normal traffic flow over a weekend. Evidence shows that 
traffic accident levels were below normal for this period.
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Considering the situation that existed during the Three Mile Island incident, 
and official uncertainty, evacuation was without a question a suitable option. 
Freedom of choice and individual decisions dictated whether to go or not to go.

A general evacuation ordered by the Governor of all people from an area 
casts the ‘option’ to evacuate in a more critical sense. The problems are numerous 
and although we have had time to consider in detail a lot of the issues, many still 
remain unsolved.

Warning and information dissemination head the list of problems. Warning 
of the counties of actions which may be directed, e.g. Increased Readiness, Take 
Cover, Selective Evacuation or General Evacuation, relies, for the most part, on 
the telephone system. County emergency management co-ordinators can activate 
the siren systems from a central location. Only about 40% of the TM I 10-mile 
risk area is covered. Bull horns, mobile loudspeakers, people to knock on doors, 
emergency broadcasting stations, and tonally activated emergency receivers can 
all be used. Time is of the essence. The present mix of system would probably 
require 2—3 hours for 100% notification within ten miles because of the lack of 
complete coverage by in-place alert warning devices. The cost of enhancing the 
outdoor warning system to make it more responsive would be between one and 
two million dollars per facility.

Evacuation of hospitals, nursing homes and similar facilities presents special 
problems for emergency management planners. Our planning prior to Three Mile 
Island involved a five-mile radius around the facility. In that area, there was only 
a single nursing home and no other major facilities. When we changed our planning 
to include a ten-mile and then 20-mile radius, we suddenly had to cope with and 
provide for four hospitals, ten nursing homes, five prisons and many private care 
facilities. Once again time plays the lead role! By the morning of the third day, 
area hospitals had voluntarily reduced their patient loads substantially and 
arranged for emergency cases to be transferred to facilities well beyond the 
affected area. There is little question that taking advantage of this lead time 
reduced substantially the risks to patients. A particular problem for planners 
was the co-ordination and securing of adequate commitments from outlying 
areas for transporting non-ambulatory and ambulatory patients. There is an 
adverse syndrome and general reluctance to release ambulances and school buses 
if  there is the possibility that the evacuation area might extend beyond a radius 
previously identified.

Most of the problems planners anticipate during a mass evacuation caused 
by a nuclear incident have legal implications. Speculation overrides precedent.
The evacuation last November of 240 000 persons from Mississauga near Toronto, 
Canada, following a railroad accident involving a major fire and chemical spill, 
is cited as a splendid example of a properly orchestrated mass evacuation. However, 
a nuclear incident with the possibilities of radiation raises a spectrum of concerns 
and problems with psychological stresses and trauma unique in many aspects.
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Parents ask the questions: When the schools evacuate, where will my children 
be taken while I am at work? Who will be responsible for them? I f  they are 
taken home and dropped off at the lane in front of the house, who can be held 
responsible if  I am not home? On the other, hand the parent not working wishes 
the child to be brought home.

School officials ask: What are our responsibilities for care and evacuation 
of school children? What is our liability? Do we have the authority to direct 
(force) school teachers to drive buses if drivers refuse to do so or are not available? 
Where do the responsibilities of school teachers end in taking care of children?
What are their vulnerabilities for prosecution? Our experience in Pennsylvania 
from other disaster situations reflects that people care and people do help people.
We rely heavily upon volunteers. It  is difficult to include this category in plans.

Evacuation is costly — in wages lost, expenses for movement, claims for 
loss of personal property, potential for vandalism and looting, accidents, 
endangered health and psychological stress.

Who pays the price, or more aptly stated, who has the legal liability to pay 
the costs brought on by an evacuation order?

“Is Evacuation an Option? ” The answer must of necessity be affirmative 
as proven in the case of Three Mile Island when individuals exercised a voluntary 
option. However, by and large, the determination of the feasbility of an evacuation 
option must be related logically to the crisis conditions at the time. Unlike other 
crisis situations where mass evacuation is a finite consideration, projected dose 
rates, identification and direction of the plume, wind speed, the time available 
before plume arrival, weather and road conditions, as well as other factors I have 
discussed, make the determination to evacuate a singular decision. Evacuation is 
an option, but the determination as to whether to evacuate and when it should be 
attempted will remain a last-resort response to emergencies.

The Governor or responsible official faced with making such a decision needs 
hard, reliable intelligence regarding the prognosis of plant conditions, best estimates 
of time available, assurances that operating forces are in position, and that adequate 
resources can be assembled. It  is easy to say that if  I err I am going to err on the 
side of public safety but in a practical political sense it is not a decision which can 
be made lightly.

The Three Mile Island accident has demonstrated vividly that any subsequent 
nuclear power plant incidents are going to receive searching investigations.

The accident which occurred at Three Mile Island Nuclear Station, Unit No.2, 
on 28 March 1979 was the most serious and the most studied nuclear accident in 
the history of the licensed nuclear power reactor industry. Investigations into the 
reasons behind the accident were conducted by a Presidential Commission, 
a Nuclear Regulatory Commission Special Inquiry Group, Congressional Committees 
and various offices of the Nuclear Regulatory Commission. Additionally the 
Governor of Pennsylvania appointed a Committee to study the accident, as did the
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Pennsylvania Legislature. Several supporting investigations were made concerning 
the population at risk to include long and short-term physical and psychological 
effects of the accident on local residents. Other studies are focusing on pregnancy 
outcome, health effects and radiation dose assessment. Finally, the General 
Accounting Office, in response to a Congressional request to verify the compre
hensiveness and validity of the major findings made by the separate groups, has 
conducted a study of the studies.

Taken together, these investigations and studies represent a wealth of detail 
and a mass of particularized recommendations. They bring to light the major 
issues based on the Three Mile Island experience. Since Three Mile Island many 
of the findings have been implemented. The findings of these reports will have 
considerable influence as nuclear power issues are addressed in the future.

On 19 August 1980, the Nuclear Regulatory Commission published a final 
rule on emergency planning. This rule amends 10 Congressional Federal Register, 
Part 50 and Appendix E. There are three major changes:

( 1 ) In order to continue operations or to receive an operating licence an 
applicant/licensee will be required to submit its emergency plans, as 
well as State and local government emergency plants. The Nuclear 
Regulatory Commission will then make a finding as to whether the 
state of on-site and off-site emergency preparedness provides reasonable 
assurance that adequate protective measures can and will be taken in the 
event of a radiological emergency. The Nuclear Regulatory Commission 
will base its findings upon the assessment of off-site plans determined 
by the Federal Emergency Management Agency.

(2) Secondly, emergency planning considerations must be extended to the 
plume exposure pathway (ten miles) and the ingestion pathway (50 miles). 
The exact size and configuration of these Emergency Planning Zones 
(EPZs) shall be developed taking into consideration demography, 
topography, land characteristics, access routes and jurisdictional 
boundaries.

(3) Thirdly, detailed emergency planning implementing procedures of both 
licensees and applicants for operating licences must be submitted to the 
Nuclear Regulatory Commission for review.

Additionally the following items appearing in Appendix E and 10 Con
gressional Federal Register Part 50 have been expanded upon:

(1) Specification of “Emergency Action Levels”

(2) Dissemination of emergency planning information to the public
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(3) Provisions for the State and local government to have a capability for 
rapid notification of the public during a serious reactor emergency 
within 15 minutes after notification by the licensee

(4) A licensee on-site technical support centre and a near-site emergency 
operations facility

(5) Provisions for redundant communications means

(6) Requirement for specialized training

(7) Provisions for up-to-date plan maintenance.

Additionally the Nuclear Regulatory Commission and the Federal Emergency 
Management Agency has published Nuclear Regulations (NUREG) 0654 which 
establish 16 major and 200 sub-items as planning standards. Responsibility for 
accomplishing these standards is specifically assigned to the operator, the state 
and to local government. Notably, no responsibilities are assigned to the Federal 
Agencies. These standards place special emphasis on:

Notification procedures
Communications capability
Public information
Accident assessment
Exercises and drills.
In the 18 months since the Three Mile Island accident, more progress has 

been made in addressing the important issues and seeking resolution than during 
any other similar length of time. Even so, more questions have been raised then 
answers or solutions given. This in turn has increased the level of inquisitiveness 
throughout the government and public.

The emergency management community considers that some of the developing 
requirements are too detailed and too involved. Our general concern is that safety 
and emergency response depends on the industry and government acting rather 
than both just responding to NRC/FEMA regulations. Nevertheless, we support 
the overall direction the effort is taking. We consider that the Three Mile Island 
accident had beneficial side effects:

( 1 ) It  increased awareness of the importance of emergency planning
(2) It  emphasized the necessity for teamwork
(3) It  encouraged standardization
(4) It  identified responsibilities.
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In December 1978, the Nuclear Regulatory Commission/Environmental 
Protection Agency published a joint Task Force report (NUREG 0396) which 
abolished the low population zone (LPZ) planning concept. The Task Force 
found that there is no specific nuclear power plant accident that can be identified 
as the basis for plans and preparedness. The Task Force recommended the 
inclusion of the so-called Class-9 accident in the planning base. The Task Force 
determined a need for an emergency planning zone (EPZ) of about ten miles in 
radius for the radiation exposure pathway and an emergency planning zone of 
about 50 miles in radius for the food ingestion pathway. This report was 
endorsed by the heads of the Nuclear Regulatory Commission and the Environ
mental Protection Agency in October 1979.

The most important element in emergency planning is to understand what 
you are planning for and why. The low population zone concept was always 
controversial. The new emergency planning zone concept provides an improved 
point of departure and when used in conjunction with site-specific information 
concerning topography, demography, access routes and jurisdictional boundaries 
should prove satisfactory.

The Nuclear Regulatory Commission in its 19 August emergency planning 
ruling suggests that this rule in and by itself should prove of sufficient incentive 
for the nuclear power industry to provide the financial wherewithal. To date 
this observation has not motivated the individual nuclear power plants in all cases 
to do what needs to be done off-site.

Some nuclear power facilities are taking a wait-and-see attitude. Some are 
conducting independent warning, communication and evacuation time studies. 
Some are providing planning consultants to assist State and local governments 
to improve their respective levels of preparedness.

Similarly, the States have not fully grasped their responsibilities. This 
being an election year has forced some of the political leadership to tread 
carefully on the issue.

Over the past year and a half, the States and local governments have been 
preparing plans which have had to take into account that the Nuclear Regulatory 
Commission and the Federal Emergency Management Agency guides have been 
under continuous review and change.

The Presidential decision last December to charge the Federal Emergency 
Management Agency (FEMA) with off-site planning has raised some serious co
ordination problems. To date, FEMA has not been successful in acquiring the 
necessary expertise nor financial support. The introduction of public hearings and 
public participation in the planning procedural processes is causing responsible 
agencies not only to view plans in terms of adequacy and workability, but also 
in terms of saleability or acceptability.

In the past, States and local governments have approached their respective 
emergency planning missions in preparing for enemy attack, man-made or natural
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disasters in an integrated format. Most States utilize the ‘family of plans’ concept. 
That is an overall basic plan that establishes authorities, missions, concepts and 
responsibilities. Annexes to this basic plan treat in specific detail various con
tingencies, such as weather-related catastrophes, resource shortages, acts of 
terrorism, etc.

As presently visualized, Radiological Emergency Response Planning (RERP) 
takes a different approach. It  appears that the Radiological Emergency Response 
Planning is to be a separate plan capable of standing by itself. To be acceptable 
it must go well beyond the accepted norm. Although time-consuming, this can 
be done at the State level. At the County and local government, where a pro
fessional planning staff is not available, such requirements raise some perplexing 
issues. Most States do not have legislative authority to require local governments 
to prepare plans. Similarly, the authority to require local government to submit 
their plans to State and Federal government for a review and approval process is 
also lacking.

Consequently we find ourselves in a position where the nuclear power plant 
is held hostage by the Nuclear Regulatory Commission. In applying for a licence 
or authority to continue to operate, the plant operator must submit not only his 
on-site emergency plan and implementing procedures, but also copies of the State 
and local government plans. But neither the operator nor NRC has authority over 
States or their political subdivisions.

The States are correspondingly intimidated in that they either co-operate 
with the plant operator’s request for copies of State and local government plans 
or they accept indirect responsibility for the possible idleness of the nuclear power 
plant.

The Nuclear Regulatory Commission has established some relatively harsh 
deadlines as to when certain preparedness features must be in place. Neither the 
Federal nor State governments budget cycle is geared to accommodate these costs. 
It appears that the nuclear industry by default must pay. As of the moment, these 
costs could be astronomically large and include such items as:

(1) Warning systems
(2) Communications for command and control (to include requisite

redundancy)
(3) Stockpiling of potassium iodide
(4) Emergency air monitoring equipment
(5) Instrumentation
(6) Drills and exercises
(7) Public education.

Needless to say these issues are not fully resolved. Regardless of how they 
may be treated in State and local government plans, until resources are provided 
leading towards their resolution the plans must be suspect.
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One need have no qualms regarding Pennsylvania’s ability successfully to 
provide any protection required. But one may have reservations as to whether 
the responsible leadership will actually commit the resources required by the 
plan. I f  the resources are not provided we do not have a plan, but only false 
hopes and promises.

We in emergency management do not have the luxury of time following a 
disaster. We need to act decisively and correctly.

Until the requisite resources are made available as required by the emergency 
plan, we are not going to be fully prepared for the next nuclear incident. Nuclear 
energy may not be given a second chance.
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Abstract

EMERGENCY RESPONSE IN THE U.S. CHEMICAL INDUSTRY.
The paper describes the growing public concern over the safe distribution of hazardous 

chemicals and the goal of government and industry to address that concern. It discusses the 
pitfalls encountered by the public and private sectors in their efforts to protect the public 
interest. These include: Not defining the problem adequately; trying to assess blame rather 
than seeking solutions; looking for easy and quick solutions to complex problems; failing to 
involve all affected parties to arrive at solutions. After definition of the problem and detailed 
obstacles to  meaningful solutions, the current organization and working relationships within the 
United States for responding to chemical transportation incidents are explained. This includes 
the involvement of national government, local government, and various industries in the 
planning and execution of effective measures. Emphasis is placed on the co-operative efforts 
among these various groups, innovative ideas concerning planning and communications, and 
future improvements to an already sophisticated system. The paper concludes with a summary 
of the lessons learned in the USA that should be beneficial to all nations. Perhaps most 
im portant is the philosophy and practice of actively managing, constructively criticizing and 
improving the system once it is in place.

I am here as a representative of the Chemical 
Manufacturers Association,whose msmbership includes all major 
chemical producers in the United States and Canada. These 
firms account for approximately ninety per cent of the 
industry's production in North America. Vfe are vitally con
cerned about the distribution of products which may pose a risk 
to health, safety, or property when transported in commerce and 
we welcome this opportunity to share our views with you.

'Hie United States produces more than 4 billion tons of 
potentially hazardous materials each year, and makes in excess 
of 250 000 daily shipments of those products. Ws thus con
stantly face important decisions on how to safely, manage these 
materials as they are produced, transported and ultimately 
consigned to disposal. The questions are many and we do not 
always have the right answers. The answers are sometimes 
simple and straightforward; but in many instances the necessary 
actions to arrive at meaningful solutions are complicated,
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time-œnsuming, and costly. We have found the American public 
concerned, and rightly so, about improving the safety of any 
conmodity which may pose a threat to their well-being - and I'm 
sure this is true in any nation.

Cffi believes it is the responsibility of government and 
industry to work together - as partners, not adversaries - to 
address the public concern, to make that concern our a m  if we 
have not already done so, and to agree collectively on sol
utions which solve the problems. Our goal must be to protect 
people, property, and the environment and to prevent the 
potential of hazardous materials from becoming a reality. That 
is where our emphasis should be, recognizing that accidents 
still do occur for whatever reason. My purpose today is to 
share our experience in the area of response to transportation 
incidents and hopefully the lessons we have learned will be of 
benefit to you.

PITFALLS

Before going into detail on how America's chemical indus
try is organized for emergency response, I think it's important 
to briefly discuss some of the pitfalls те have encountered in 
our efforts to protect the public interest. They are not 
particularly new or earth-shaking, but we have found them to be 
major stumbling blocks from time to time.

Chief among these pitfalls is defining the problem 
inadequately - and usually this is caused by not calling on the 
available expertise in the public and private sectors. This 
leads to ill-defined objectives and improperly assessing or 
assigning priorities.

In the attempt to "do something", we at times find 
ourselves looking for expedient solutions; quick and easy 
answers to complex problems. Hasty answers, too often in the 
form of poorly thought out regulations, need to be avoided 
since they often address only the symptoms of the problem 
area.

In some instances, we see various parties assessing blame 
for a situation rather than seeking solutions. The search for 
a scapegoat is the easiest of all hunting expeditions; however, 
it rarely results in improvement, and usually establishes 
adversarial positions between the groups which, in the end, 
must work together cooperatively.

Иге fourth pitfall we would call attention to, and perhaps 
the greatest barrier to improvement in any endeavor, is
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cooperating ineffectively. This points again to the fact that 
all affected parties must be involved to arrive at solutions. 
Shippers, carriers, and government at the proper levels should 
be included in the decision-making process, not only in 
defining the problem but in determining solutions and managing 
their implementation.

PLANNING TOR EMERGENCY RESPONSE

Transportation emergencies are, by their nature, unusual 
occurrences that often take place at inconvenient times and 
places and involve or affect people who have little or no 
experience with this type of accident. A local police or fire 
official may need to deal with a transportation emergency only 
once or twice in his entire career. This puts great responsi
bility on others, primarily government and industry, to 
function quickly in support of the local emergency forces. In 
the United States, we have addressed this problem in a 
comprehensive fashion and have attempted to plan and organize 
our response to bring the necessary resources to bear quickly 
when and where needed.

At the national level, within our Federal government, an 
organization called the National Response Team has been 
established to determine overall policies and procedures for 
the handling of major environmental disasters, including 
transportation accidents involving hazardous materials. Our 
National Oil and Hazardous Substances Pollution Contingency 
Plan sets forth the Team's membership which includes high-level 
officials from: The Qivironmental Protection Agency, Départ
irent of Agriculture, Department of Carneree, Department of 
Defense, Department of the Interior and the U.S. Coast Guard 
(representing the Department of Transportation). Numerous 
other agencies provide advisory support in a variety of 
disciplines.

The Coast Guard, in addition to its role as planner, is 
also charged with operating the National Response Center. This 
center is responsible for receiving reports, disseminating 
information, and providing advice and assistance concerning 
incidents on our navigable waters. Recently proposed legis
lation will extend these activities to include all pollution 
incidents.

Local governments are becoming more sophisticated as well; 
planning for unusual situations, equipping response personnel, 
and training them in the proper techniques for responding to 
transportation emergencies involving hazardous materials. And 
as part of this effort, they are attempting to ensure that
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responsibilities and lines of authority are more clearly 
understood.

In the broadest sense, transportation is the essential 
link between those who produce materials and those who 
ultimately benefit frcm them; therefore, the carrier industry 
is an integral part of safe distribution. Our experience in 
the United States is that unintentional releases occur in less 
than two one-hundredths of one per cent of all hazardous 
materials shipments. This is a good record, and demonstrates 
that the likelihood of an accident for any given shipment is 
small. However, the carriers cannot take chances based an 
statistics. They must be prepared to react and respond to 
accidents under unpredictable circumstances. A step-up in this 
preparation is underway. Carriers are upgrading their cwn 
response capabilities, and are also supporting the grcwth of 
companies who operate as emergency response professionals.
These companies specialize in salvaging damaged equipment, such 
as rail cars; containing and cleaning up spills; minimizing 
the impact of the accident on the public; and returning the 
environment to normal. The carriers, aided by these 
professionals, shoulder the primary responsibility for actions 
taken at the accident scene.

The carrier is not alone, however. He can, and does, rely 
upon another industry group - the producers and consumers of the 
products he transports. These are the people with the detailed 
product expertise so essential to naking timely, accurate 
judgements. In my company, the distribution function is 
considered to be an extension of the manufacturing process. Vfe 
therefore accept the responsibility to be prepared to advise 
and assist the carrier, and others at the accident scene, when 
a transportation incident occurs. This philosophy, though 
perhaps stated somewhat differently by other companies, is 
generally accepted throughout America's chemical industry. 
Therefore, when an incident occurs, shippers respond with 
technical information and other support as appropriate to the 
circumstances.

СНЕМГКВС

The triggering mechanism for this response is СНЕМГЕЕС - 
the Chemical Transportation Ehiergency Center - funded and 
staffed by the chemical manufacturers.

СНЕМГЕЕС is the vital link between the producer and the 
carrier or public safety official facing a chemical trans
portation emergency. This service was started in 1971 as a 
result of the need to more effectively coordinate the response
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from manufacturers of hazardous materials. It has handled 
nearly 40 000 emergency calls for assistance in the past nine 
years. Prior to the birth of this nationwide service, many 
companies had emergency response networks in place; however, it 
was felt that a centralized center with free access, properly 
publicized and staffed, could better meet the immediate needs 
of on-scene emergency services. CHEMTREC's toll-free telephone 
number has been given extensive publicity. It is found on 
bills of lading, and placards on the sides of tank cars and 
tank trailers. Brochures explaining the center's operation 
and stickers for placement on emergency service dispatchers' 
telephones are in the hands of more than 30 000 paid and 
volunteer fire departments in the country.

CHEMTREC operates 24 hours a day, every day of the year. 
Currently, it performs two important functions - I say 
currently because the Chemical Manufacturers Association, 
which operates the center, is continuing to expand and improve 
this operation.

The initial function of the emergency center is to provide 
on-the-scene emergency forces with immediate and basic 
information on the product involved in an incident. Its second 
function is to contact the shipper and arrange for communication 
of expanded technical information, or other assistance. The 
procedure is simple, reliable, and works in the following 
manner.

When a transportation emergency occurs, someone at the 
scene calls CHEMTREC, using its toll-free telephone number.
The call can be placed by anyone, a truck driver, a railroad 
worker, a policeman or fireman, a warehouseman, or a citizen.
The СНЕМГКЕС contnunicator on duty, if provided with the name 
of the product involved, gives the caller information on the 
product as provided by manufacturers or shippers. Through the 
years, an extensive file has been developed which includes 
cross references between technical names and trade names; and 
this resource makes it possible for the center to retrieve 
accurate information on virtually any cœirodity in a matter of 
seconds. I think it is important to point out that the 
individuals manning the center are not chemists, or chemical 
engineers. They are retired military men, most of whom have 
backgrounds in cortrnunications, and were chosen for their 
ability to communicate accurately under pressure. So far, our 
experience has shown this approach to be valid.

To initiate the second function of CHEMTREC, the 
involvement of the shipper, the carmrrunicator on duty develops 
additional information about the accident. This includes the
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exact location of the incident, the extent of damage and 
product loss, the shipper and consignee, the carrier, 
identification of equipment involved, and a general description 
of events. All of this information is transmitted to the 
shipper, who is then responsible for any additional follow-up 
through his cwn company's emergency response network.

Sometimes the caller reporting an incident does not know 
the name of the product involved, the shipper, or other vital 
information necessary for CHEMTREC to fulfill its mission.
This requires that the camnunicator be a patient and skillful 
investigator. Drawing on his own experience and a variety of 
resources, such as rail car manufacturers, truck dispatchers, 
and others, he must piece together a complete story so that 
assistance can be provided to the scene. This type of 
detective work demonstrates the need for personal involvement 
and attention to detail when dealing with emergency situations.

Through experience, we have learned there is one basic 
principle which seems to govern transportation incidents 
involving hazardous materials. That is - there are no two 
incidents exactly alike. It is, therefore, inpossible to 
develop detailed procedures which will adequately cover every 
possible contingency. We must tailor energency response to 
individual accident circumstances. From thousands of incidents 
we conclude that a rapid but flexible ccmrunications system is 
the key to success. This is what CHEMTRBC is, a ccmrnunications 
system which links people with information with those who need 
the information.

IMPROVING CHEMTREC'S PERFORMANCE

Although CHEMTREE has been operating well since its 
inception, steps are underway to improve its performance.
Until January of this year, all CHEMTREC ccmnunicatians were 
verbal, and this sometimes resulted in delays or garbled 
transmissions when phones were busy or messages had to be 
relayed from person to person. Recognizing the importance of 
CHEMTREC, an Inter-Industry Task Force composed of rail 
carriers, chemical shippers, tank car manufacturers, and 
government representatives requested the cotrmunications 
industry, in 1978, to recommend improvements. This was cne 
part of a much larger effort aimed at improving hazardous 
materials transportation in our country.

In response to this request, American Telephone and 
Telegraph - AT&T - fielded a rather impressive task force of 
their own which completed a detailed survey of chemical 
shippers, rail carriers, and CHEMTREC. They recarrmended а
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program called HMER, an acronym for Hazardous Materials Emer
gency Response. This program, heartily endorsed by industry 
and government, is already underway and comprises three 
phases.

The first phase, or building block, which is now on line, 
called for replacing verbal canmunications with hard copy 
transmissions from СНЕМГЕЕС to the chemical companies.
Du Font's hard-copy installation, is exactly the 
same as the equipment installed at СНЕМГЕЕС. The unit is 
extremely versatile, simple to operate, and allows the user a 
wide selection of applications. We have chosen to use it in 
an automatic mode which allows us to have the equipment 
unattended yet still functional. Emergency messages sent by 
СНЕМГЕЕС are printed out and also stored in the unit's memory 
for retrieval from remote locations. Cur emergency 
coordinators can pick up the messages directly from the printer 
during normal working hours, or use a lightweight portable 
terminal at hone to access the central terminal at other times. 
Thus, whenever an incident involving Du Pont takes place, we 
have a printed copy of CHEMTREC's report in the hands of a 
knowledgeable coordinator within a matter of minutes. AT&T's 
investigation revealed that significant improvements could be 
made in the speed and accuracy of emergency transmissions; 
field trials and actual experience in the past nine months 
have confirmed this. Du Pont's experience during this time has 
shown a 60 per cent reduction in the time it takes to get a 
complete and more accurate report from СНЕМГЕЕС to our 
emergency coordinators.

Eleven chemical company receiving stations are new in the 
network with more expected this month; and we expect to 
greatly enlarge the subscriber list in the caning year. An 
important point to note is that the government's NATIONAL 
EESPONSE CENTEE is also part of the network,thus increasing 
and improving the cooperative efforts of the public and 
private sector. They are now evaluating the feasibility and 
desirability of developing a similar, parallel hard-copy 
system for notification of the various Federal and state 
organizations.

In most emergency situations, effective response involves 
multiple organizations, each of which must coordinate its 
activities with the other participants in real time. The 
AT&T study found this to be a serious deficiency in the 
existing system and recommended a telephone bridge - or 
conferencing capability - as Building Block II of their 
proposal. Thus, СНЕМГЕЕС will assume a more active 
coordinating function in the future. Equipment specially
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designed for the center is now developed and will be installed 
at year end. The obvious benefit will be the linking together 
of carriers, shippers, local emergency services, and others so 
that expert advice frcm all sources can be made immediately 
available to those who need it, precisely when they need it.

The final phase, which is still under technical review, 
will bring computer technology into emergency response. Some 
railroads already store up-to-the-minute train information in 
a central computer located in the offices of their Association. 
Trucking companies, barge lines, and others could also 
computerize their shipping data. The AT&T study envisions an 
interface between this equipment and similar hardware at the 
Chemical Transportation Emergency Center, so that if an 
accident occurs, information will be immediately available to 
response personnel in the chemical industry. This will also 
increase the speed and accuracy of data transmission.

When diagrammed, the entire proposal appears to be a 
complicated affair; however, it is really a great step forward, 
actually a simplification of the process with which we have 
been operating for many years. Information flews are clearly 
defined, all necessary organizations are included, and 
response times are reduced significantly. With this plan fully 
implemented, we will have in place a more efficient, more 
effective means of dealing with transportation emergencies.
But communications are only one aspect of emergency response 
in the chemical industry, albeit a crucial aspect.

сошгемем1

Effective response is a result of a commitment to 
individual preparedness - a commitment of each involved party 
to act responsibly in a cooperative effort. This personal 
commitment results in the allocation of resources that can be 
called upon when needed. These resources include logistics 
and personnel, activated through the established communica
tions system, and capable of being rapidly mobilized to 
correct any dangerous situation. Thus, each participant must 
establish programs which are tailored to his own specialized 
needs and at the same time work within the overall framework 
of the larger, cooperative emergency response plan. Effective 
management of these plans requires that we monitor them 
continuously, critique them frequently, and change them as 
needed. This was a part of the overall effort undertaken by 
the Inter-Industry Task Force on Rail Transportation of 
Hazardous Materials. We are now working on a similar program 
betveen chemical nanufacturers and tank track carriers. 
Cooperative ventures such as this could also be pursued with
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other modes of transportation. Regardless of the form these 
programs take, the cornerstone of each must be the personal 
commitment of all participants to safety and individual 
preparedness.

Above all, we must be committed to the public concern. 
People are afraid of what they cannot see or understand which 
may cause them harm. This was never more evident than in a 
particularly difficult situation in which my company was 
involved just last month. I share this with you now because 
it illustrates how to address the public concern. It also 
demonstrates the type of cooperative effort and personal 
ccmnitment so necessary to today's environment.

This incident involved a six hundred thousand gallon 
methanol barge, in transit between two of our plants, which 
caught fire and burned on a well traveled section of the Chio 
River. The carrier, who owned the barge, alerted СНЕМГКЕС and 
the U.S. Coast Guard. Within six hours, my company had tvro 
men on the scene despite the remoteness of the location to 
available transportation and the two hundred mile distance our 
personnel had to travel. The Coast Guard was on the scene 
aLmost immediately. The local population was understandably 
anxious about the situation and news media gave extensive 
coverage to the event,as might be expected. It would not be 
an exaggeration to say that there was a great deal of fear 
initially until government officials, both Federal and local, 
carrier representatives, and our people evaluated the 
situation and developed a reasonable course of action from 
among several options. This plan was relayed to the public 
through the press, emphasizing the safety measures being taken 
and supporting conclusions with expert advice frcm a variety 
of sources. Open, direct dialogue coupled with an obvious 
commitment to safety and addressing the public concern defused 
a volatile situation and allowed the incident to be brought 
to a successful conclusion. I think the handling of this 
situation proves conclusively that cooperative planning, 
supported by a conrnitment to individual preparedness, can 
and does work.

COOPERATION

In June of this year, I had the privilege of representing 
the Chemical Manufacturers Association at a planning meeting 
that was evaluating the preparedness of a particular region 
of the United States. I was greatly heartened that this 
public forum was seeking the counsel of industry, and I sense 
an acceleration of this type of activity in the country. The 
central idea of от/ message to the assembled group of carriers,
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shippers, Federal and local officials was in the form of a 
question - Do we choose to manage our hazardous materials 
transportation safety programs by confrontation or by 
cooperation?

Events since then indicate we are going down the road of 
cooperation instead of hastening to the legislatures, the 
agencies, and the courts for more laws, more regulations, and 
more decisions.

In the final analysis, this path of cooperation is the one 
which will bring us to the place where we want to be in the 
area of emergency response more rapidly and less travel-weary.
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INTRODUCTION

The panel ‘Informing the Public’ was part of Plenary Session V II on 
Emergency Planning. Its purpose was to discuss not only the problems of 
instructing the population in the immediate vicinity of a nuclear installation 
concerning questions of efficient shelter, evacuation, etc., after an accident; but 
also the information of the public at large on nuclear power matters. The 
discussions were to concentrate on how to disseminate complete and correct 
information in the case of an emergency. The experience gained from the 
Three Mile Island (TM I) incident was to be used as a basis for indicating mistakes 
and shortcomings, and for elaborating on the remedial steps which should or 
already have been taken. One of the main problems, not specific to nuclear 
emergencies, appears to be how to transmit complex technical matters in such 
a way that they are both easily and clearly understandable and, simultaneously, 
convey all necessary information. In the case of an emergency, incorrect 
information and unfounded rumours are to be expected. Therefore, the problems 
of correcting false news and of interpreting conflicting news without increasing 
confusion or compromising authority and credibility were also discussed. Since 
efficient information in the case of an emergency is highly dependent on the level 
of background knowledge of the public, and even more of the media and their 
representatives, the panel also took a critical look at this area.
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Informing the public in the case of a nuclear emergency can only be judged 
as part of the ongoing effort necessary to provide information to the public at 
all stages of the operation of nuclear installations. The discussion started with 
a re-evaluation of the experience gained in informing the public about the TMI 
accident, in which two of the panel members had personally played a role during 
the critical days in March 1979. It  was pointed out that radio and television, 
because of their instant reporting, shaped the psychological impact on the public 
to a greater extent than the press. The problem with the electronic media is that 
the TV  viewer and the radio listener cannot check to determine whether they 
correctly understood what they just saw and heard. The press representative on 
the panel pointed out that, by contrast, the written media provide more 
opportunity to give background information, comparison with similar occurrences 
and validation of the facts. He cited the speculation concerning the hydrogen 
bubble story at TM I, where the T V  reports were much more alarming than the 
newspaper reports. The journalist’s view that it is important to provide better 
information to the public was generally shared. It  was pointed out that short
comings of the media were based in part on the poor performance of the various 
information sources, at least in the early stages of the accident, and this added 
to the confusion of the public.

One failure at TMI was that the emergency planning, which had been 
directed to a worst-case situation, did not address in any extensive manner the 
question of communication with the media and the public about the types of 
problems involved during the TMI accident. In planning for future emergencies, 
there should be a system for automatic establishment of communication at the 
senior level between the operating organization and the State and Federal officials. 
There should be a parallel organization for communication about the emergency 
to the media.

A single spokesman

It  was in this context that the idea of having a single spokesman was looked 
at from various angles. For various reasons, the panel members and speakers from 
the audience both expressed reservations concerning the proposal.

Journalists stated that their experience was that it simply was not feasible 
to have a single spokesman. Sooner or later, there would be leaks and the media 
would develop other sources, which might undermine the credibility of the 
official speaker. I f  he were the only source, his information would be difficult 
to correct if  it were wrong. I f  the information from official sources is confused 
because officials disagree, the public has a right to know this, said the journalist 
who had covered the TM I story. This issue of the single spokesman was carried

DISCUSSION
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further by various speakers who addressed the different roles being played by the 
parties involved (government, industry, experts, etc.). They also pointed out, 
that the areas of competence, level of knowledge, and profiles of interest of 
those seeking information would vary, and a single individual could not possibly 
deal with all the possible questions. Other arguments brought forward were 
related to the basic journalistic rule that information should be obtained as close 
as possible to its original source. Any attempt to create in an emergency, 
characterized by at least temporary confusion and uncertainty, a picture of 
continuous consensus and understanding was considered foolish, if  not impossible. 
However, it was clear that it would be preferable to have a single location where 
the various spokesmen could address the media. This would permit rapid 
comparison and correction or clarification of information from various sources.

Credibility

Then the question of credibility of the information source arose. Credibility 
is a requirement difficult to fulfil, especially when it is lost and has to be 
regained. I t  was recognized that the establishment of credibility has to be a 
continuous process which must begin before an accident occurs. It  also depends 
on the use of language and terminology that the public can understand.
Comparisons were drawn to medical doctors who can only enjoy their patients’ 
confidence if they use words which the patients can understand, including only 
as much technicality as required to convey the information needed by the 
patients.

Lessons to be learnt

It  was suggested that the information shortcomings at TM I should be studied 
in order to prevent similar problems in the future. In this connection, an 
important aspect is the way in which information is presented. Media representatives, 
nuclear critics and the public all want to be taken seriously, and not be treated 
like small children by all-knowing experts. In short, more humility, the admission 
that experts make errors like everyone else, and efforts to increase mutual under
standing are all aids in establishing a true dialogue.

The problems of language barriers also surfaced in a more specific connotation. 
Border sites for nuclear installations require close co-operation between the 
countries involved. Common emergency planning to cope with trans-frontier 
effects includes attention to the information needs of the public on both sides of 
the border. Bilingual press officers or experts may be required. It  would be helpful 
if they had in addition, a good knowledge, of English, since there may well be 
world-wide media coverage of accidents such as TMI. The journalists pointed out 
that technical people were not always skilful at translating the nuclear jargon, and
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that it was important to have a spokesman who both understood the technicalities 
and was able to explain them to the media. Ideally, this spokesman should not 
himself be involved in operational aspects, so that his main role could be that of a 
communicator.

Then the question on how to correct false information was raised. Some 
panel members pointed out that this was not a simple issue that could be 
treated by requiring or requesting the originator to be responsible for any 
required correction. Although most people do not willingly generate false news, 
there could be cases of erroneous information due to wrong observations, new 
developments, incomplete transmission, inadequate interpretations, etc. This 
requires special attention, possibly by a group of experts who could assist in 
interpreting and rectifying errors where necessary. But suspicions of opinion 
management should be avoided, as well as efforts to suppress contrary opinions.
As long as openness and fairness are prevailing on each side, this would help to 
maintain the best traditions of a free press.

Information centre

After elaborating on these more fundamental questions, the discussion 
turned to some technicalities. Having agreed on a single location for the various 
spokesmen to inform the media, the question was raised as to where it should 
be located; whether close to the plant for visual contact (but with the potential 
disadvantage of requiring evacuation, if  things turned for the worse), or farther 
away, to allow more comfortable and efficient working conditions during the 
whole period of media interest in the accident. The latter solution drew strongest 
support from both the panel and the audience. A distance of between 20 and 30 km 
was mentioned as desirable. I t  was mentioned that it might be advantageous to 
locate the information centre in the immediate vicinity of the headquarters of the 
local authorities who are responsible for off-site emergency measures. The usual 
technical equipment should be provided, comprising teletype and telephone 
equipment, typewriters, copying facilities, etc. I t  would be very helpful if  the 
media could be furnished with ‘emergency kits’ which included printed matter 
on the utility, nuclear installations, main safety and operating features, environ
mental characteristics of the area, diagrams and maps. I f  a distant location is 
selected for the information centre, there must be transportation facilities to the 
installation, so that as circumstances of the emergency allow, the media may 
visit the site.

Information policy

Another item attracted some attention: the timing of handing out any 
information, and the amount of information useful for the public. Comparing
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the situation to that in the nuclear power plant control room, where the operator 
is expected in case of emergency to sit back for some time, to use the initial 
period for developing a complete understanding of the situation and, only after 
having done so, to interfere manually, it was suggested by one participant that 
there should be a delay in providing any information to the public until a complete 
explanation could be made available. However, doubts were expressed as to 
whether such a control of the situation would be feasible or even desirable. It  
was pointed out that partial information also has merits, since it can prevent 
or at least mitigate the rumours that are very likely to spread during an emergency. 
This, then, led to the conclusion that there would be no simple procedure to be 
followed for public information. The best approach would be one of flexibility 
and adaptability to the specific case, taking into account the right of the public 
to be informed and the needs of the media to do its job.

Good communication is best accomplished when the information sources 
and the information receivers speak the same language, or at least have sufficient 
common terminology to avoid major misunderstanding. Some participants 
believed that it would require tremendous efforts to pull down the existing 
barriers, a new mind-set, and also a comprehensive training of the nuclear 
community in communication skills. Technical people pointed out the need for 
comprehensive training of journalists who cover nuclear matters, and the 
importance of their realizing that they must act with more responsibility, bearing 
in mind the adverse psychological effects on the public which could result from 
inaccurate exaggerated or erroneous reporting. Opinions appeared to be divided 
as to whether media coverage of nuclear matters was improving since the TMI 
incident. Examples were given to demonstrate the seeming inability of the 
media to communicate accurately, and some considered that the media have an 
inherent tendency to misuse nuclear matters for sensationalism. Although this 
cannot be completely ruled out, there appears to be an increasing awareness 
within the media of past shortcomings and the need for further improvements.

The last issue discussed was the appropriate information policy to be 
applied by the utility not only in emergencies, but during all operational states. 
Openness, simplicity, and continuity were the terms mentioned most frequently 
in this context. Give more information than is actually required, assist in 
evaluating its relevance, and abstain from exerting any influence on the media -  
this was the advice given to the nuclear community. It  was, however, also 
pointed out that substantial improvement of the situation will take some time, 
since not only the public and the media, but also the nuclear community, have 
a certain amount of paranoia regarding nuclear power and its potential for 
accidents. The question is, how can this be remedied. The answer is that this is not 
something that can be achieved overnight, but will require common efforts for 
a long time to come.
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SUMMARY

In determining how the nuclear community can best communicate with 
the public, the following points were made:

(1) Accurate and responsible media coverage of nuclear matters, especially 
in the case of an emergency, can only be achieved as the result of a 
continuous close co-operation of those concerned. It  has to be based 
on mutual confidence, understanding of the different capabilities and 
requirements, and a common, simple terminology and language.

(2) Although public information will reflect uncertainties and disagreements 
as these develop, the need for correcting erroneous or misleading reports 
was stressed. I t  was considered advisable to have highly qualified and 
trustworthy experts who could independently counteract any major 
confusion which might originate from poor information sources, 
inadequate communication, or misinterpretation.

(3) Informing the public should be part of the emergency planning for 
nuclear installations. It  should be included in regular planning exercises, 
to verify its efficient implementation. The necessary technical equipment, 
including provision for an information centre which would be operational 
throughout any emergency, should be made available.

(4) The ‘single spokesman’ concept for communicating information to the 
public in case of an emergency was rejected since it would create more 
problems than it would resolve. Each party involved in coping with an 
emergency must responsibly discharge its duties, and these include 
providing information to the public. There is a need to co-ordinate the 
information to allow for cross-referencing, supplementing, verifying, 
etc.; and this again suggests the desirability of establishing an 
information centre.
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Abstract-Résumé

EVACUATION OF THE PUBLIC IN A NON-NUCLEAR EMERGENCY: EXAMPLE OF THE 
ERUPTION OF LA SOUFRIERE (GUADELOUPE) IN JULY AND AUGUST 1976.

The sudden resumption of seismic activity by the volcano La Soufrière in the Island of 
Guadeloupe (French Antilles) towards the end of 1975 forced the local authorities to bring 
their emergency rescue plans up to  date and to prepare, in co-operation with the Directorate of 
Public Safety in Paris, all the measures needed to safeguard the population in the event of an 
eruption. This volcano poses a direct threat to a population of about 75 000, with 14 hospitals 
or clinics located in the towns and villages on the mountain’s slopes or at the seaside between 
1 and 10 kilometres from the summit. Evacuation operations, which have to be carried out 
with speed and precision, are bound to be additionally complicated by the inevitable concentration 
of all traffic on the single coastal road running round the island. After giving a summary 
description of the situation, of the main problems confronted and the assumptions made in 
drawing up plans, this paper recalls the broad scheme adopted in planning and organizing the 
evacuation of the population from the danger zones to protected zones, as well as their reception 
and the shelter provided for them in the latter. A second section deals with the actual evacuation 
procedure adopted at the time of the first alert on 8 July 1976, affecting 35 000 persons, and 
at the time of the second alert in mid-August 1976 when 73 000 persons were involved. Finally, 
it indicates the lessons drawn from all these operations, especially as regards preliminary planning, 
rapid mobilization of reinforcements, the organization of command, and the problem of alerting 
the population and providing adequate information to the public before and during the actual 
evacuation.

EVACUATION DE POPULATIONS DANS UNE SITUATION D’URGENCE NON 
NUCLEAIRE: EXEMPLE DE L’ERUPTION DE LA SOUFRIERE (GUADELOUPE) EN 
J UILLET ET AOUT 197 6.

La reprise soudaine de l’activité sismique du volcan de la Soufrière dans l’île de la 
Guadeloupe (Antilles françaises) vers la fin de 1975 imposa aux autorités locales de procéder 
à une remise à jour de leurs plans d’organisation des secours et de préparer, en liaison avec la 
Direction de la sécurité civile à Paris, toutes les mesures propres à assurer la sauvegarde des 
populations en cas d’éruption. En effet, ce volcan menace directement une population 
d’environ 75 000 habitants, avec 14 hôpitaux ou cliniques, répartis dans des villes e t villages 
situés sur ses contreforts ou en bordure de mer à une distance variant de 1 à 10 km de son
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sommet. Devant être exécutées avec rapidité e t précision, les opérations d’évacuation seront 
en outre compliquées par la concentration inévitable de l’ensemble du trafic sur l’unique route 
côtière faisant le tour de l’île. Après une description sommaire de la situation, des principaux 
problèmes posés et des hypothèses retenues pour l’établissement des plans, ce mémoire 
rappelle les grandes lignes adoptées pour planifier e t organiser l’évacuation des populations 
des zones dangereuses vers des zones abritées ainsi que leur accueil et leur hébergement dans 
ces dernières. La seconde partie est consacrée à un rappel du déroulement effectif des 
évacuations lors de la première alerte du 8 juillet 1976, qui porta sur 35 000 personnes, puis 
lors de la seconde alerte à la mi-août 1976, qui intéressa 73 000 personnes. Enfin, elle 
précise les enseignements qui furent tirés de toutes ces opérations, spécialement dans les 
domaines de la planification préalable, de l’acheminement rapide des renforts, de l’organisation 
du commandement, de l’alerte des populations ainsi que de l’information du public avant et 
pendant l’évacuation proprement dite.

INTRODUCTION

Au cours du dernier semestre 1975, le laboratoire de physique du globe 
installé à mi-hauteur du volcan de la Soufrière, en Guadeloupe, décelait une 
reprise de l’activité sismique qui devint rapidement inquiétante. Au lieu 
d’une dizaine de petits séismes mensuels comme pendant les années précédentes, 
les sismographes enregistrèrent 30 séismes en juillet et 200 en novembre 1975.

Ce volcan de la Soufrière qui culmine à près de 1500 m et qui, dans les 
siècles passés, a connu des éruptions parfois importantes, menace directement 
une population d’environ 75 000 habitants répartie dans les villes et villages 
situés sur ses contreforts ou en bordure de mer, à une distance variant entre
1 et 10 km de son sommet.

Dans cette région plus qu’ailleurs en Guadeloupe, la population conserve 
présente à l’esprit la catastrophe du volcan de la Montagne Pelée qui, le 8 mai 1902, 
à 150 km seulement de la Soufrière, fit 30 000 victimes à Saint-Pierre de la 
Martinique.

Devant la menace qui semblait ainsi se préciser, le préfet de la Guadeloupe 
fit immédiatement procéder par ses services à une révision des plans départementaux 
d’organisation des secours dits «ORSEC éruption Soufrière» et préparer, en liaison 
avec la Martinique et la métropole (Direction de la sécurité civile), toutes les 
mesures propres à assurer la sauvegarde des populations quelle que soit la forme 
que prendrait l’éruption.

Après une description sommaire de la situation dans la zone menacée, des 
principaux problèmes posés et des hypothèses retenues pour l’établissement des 
plans, le présent mémoire rappelle les grandes lignes adoptées pour planifier et 
organiser l’évacuation des populations des zones dangereuses vers des zones 
abritées, plus ou moins éloignées, ainsi que leur accueil et leur hébergement 
dans ces dernières.
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La partie suivante est consacrée, d’une part à un rappel du déroulement 
effectif des évacuations de population lors de la première alerte de juillet 1976 
puis lors de la seconde alerte en août 1976, et d’autre part aux enseignements 
susceptibles d’être tirés de toutes ces opérations.

1. SITUATION

Découverte par Christophe Colomb en 1493 et française depuis l’année 1635, 
la Guadeloupe est située au milieu de l’arc des petites Antilles, entre l’Atlantique 
et la mer des Caraïbes, à 7000 km de la France métropolitaine.

Elle se présente sous la forme d’un papillon, avec deux îles jumelées séparées 
par un étroit bras de mer traversé par un pont:

— la Basse-Terre, d’une superficie de 950 km2 , volcanique et humide, avec une 
population de 150 000 habitants;

— la Grande-Terre, au nord-est, d’une superficie de 550 km2, calcaire et peu 
accidentée, avec un climat beaucoup plus sec et une population de
170 000 habitants.

Au point de jonction entre les deux îles, on trouve la ville et le port de 
Pointe-à-Pitre, avec 35 000 habitants, et l ’aérodrome international du Raizet, 
tandis que Basse-Terre, chef-lieu du département avec son port bananier et ses
20 000 habitants, est située au sud de l’fle du même nom, dominée par la Soufrière.

Volcan de type peléen, la Soufrière, dans l’hypothèse d’une éruption avec 
émission de nuée ardente, menace directement trois secteurs (figure 1):

— le secteur sud-ouest (zone 1), le plus important, groupant les agglomérations de 
Basse-Terre, Saint-Claude, Gourbeyre et Baillif avec plus de 42 000 habitants 
et 11 hôpitaux; les services préfectoraux sont implantés à Basse-Terre; cette 
concentration de population et d’activités hospitalières et administratives 
s’explique en partie par la douceur et la fraîcheur du climat régnant sur ce 
flanc du volcan et par la présence du port bananier en eau profonde;

— le secteur sud (zone 2), avec l’agglomération de Trois-Rivières, deux hôpitaux 
et environ 12 000 habitants;

— le secteur sud-est (zone 3), centré sur Capesterre, avec un hôpital rural et
21 000 habitants.

L ’ensemble de ces trois zones est situé à moins de 10 km du sommet de la 
Soufrière.

La partie hord de l’île de la Basse-Terre se trouve protégée par le relief, ainsi 
que la petite agglomération de Vieux-Fort à l’extrême sud qui pourra servir de 
zone de refuge en cas de catastrophe.
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D’une façon générale, le réseau routier est peu dense. Une bonne route côtière à 
deux voies, comportant quelques passages à une seule voie sur certains ponts, 
fait le tour de Г île et permet de rejoindre Pointe-à-Pitre et la Grande-Terre.

Enfin, à Baillif (sortie nord de la ville de Basse-Terre), un petit terrain 
d’aviation avec une piste de 800 m est accessible aux avions légers du type Twin 
Otter.

A noter enfin que le parc automobile guadeloupéen est important:
(71 000 voitures particulières, soit une pour 4, 5 habitants).
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2. HYPOTHESES RETENUES

L ’élaboration des plans d’évacuation et de secours ainsi que les mesures de 
sauvegarde pour les personnes furent établies à partir des hypothèses suivantes:

a) Pas d’émission de nuée ardente cataclysmale, ni de manifestation 
préalable et significative de volcanisme pendant les jours, voire les heures, précédents.

b) Possibilité de panique dans la population vivant à proximité du volcan à la 
suite d’une violente explosion phréatique accompagnée ou non d’importantes 
secousses sismiques, émission de poussières, grondements, etc.

c) Possibilité d’une aggravation soudaine de la situation pendant le déroule
ment même des opérations d’évacuation, à la suite de tremblements de terre, 
coulées de lave, éboulements, émissions de gaz, etc., provoquant dégâts
et victimes et nécessitant l ’intervention immédiate de moyens de secours tenus 
en réserve pour effectuer des opérations de sauvetage (déblaiement, évacuations 
sanitaires, rétablissement de communications, etc.).

d) Quasi-certitude qu’en cas de manifestations volcaniques un peu 
spectaculaires, une partie des familles demeurant dans les zones menacées 
n’attendront pas Tordre préfectoral d’évacuation pour quitter leur domicile et 
rejoindre avec leurs moyens propres des parents ou des amis en zone abritée.

De toutes ces hypothèses, il ressort que le préfet de la Guadeloupe devra en 
permanence être en mesure de:

— recevoir des informations sur les phénomènes volcaniques en cours, et sur leur 
évolution présumée,

— faire alerter les populations,
— déclencher et coordonner les opérations d’évacuation par voies de terre, 

mer et air, et de les effectuer dans un délai pouvant être réduit à 4 heures,
— faire intervenir à tout moment des moyens de secours tenus en réserve, en cas 

de soudaine aggravation de la situation dans un ou plusieurs secteurs.

• 3. PREPARATION -  PLANIFICATION

Pour atteindre ces objectifs, un ensemble de mesures sont prises par la 
préfecture de la région Guadeloupe, en liaison, pour certaines d’entre elles, avec 
les services officiels de métropole et, spécialement, la Direction de la sécurité 
civile et le Secrétariat d’Etat aux départements et territoires d’outre-mer du 
Ministère de l’Intérieur.

3.1. Bilans et recensement des besoins

En premier lieu des bilans précis et actualisés sont établis en vue de 
connaître:
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a) le nombre et la localisation des personnes à évacuer par l’administration, 
qu’elles soient dépourvues de véhicules personnels ou qu’elles soient malades, 
grabataires, traitées en clinique ou en hôpital, sans oublier les personnes 
détenues en prison;

b)les disponibilités en locaux publics ou privés, surfaces couvertes, etc., ainsi 
qu’en lits d’hôpitaux pour héberger réfugiés et malades dans les zones d’accueil 
non menacées;

c) le nombre, la nature et les caractéristiques des moyens de secours, de transport 
(terrestres, navals et aériens), des ambulances, engins de travaux publics, etc., 
existant dans les services de l’administration départementale, les unités des 
armées, et les entreprises civiles;

d) le détail des personnels en mesure de participer activement à la préparation 
puis au déroulement des opérations de secours et relevant des services préfectoraux, 
des municipalités, de la police, des compagnies républicaines de sécurité, de la 
gendarmerie, des armées, des sapeurs-pompiers, du port de commerce, etc.

Ce recensement des besoins et des disponibilités sert également de base à 
l ’établissement de la liste et de l’ordre d’urgence des moyens de renfort à demander 
et à faire venir de la métropole.

Ainsi, cette aide doit permettre de procéder rapidement:

— au renforcement de la surveillance du volcan par des scientifiques spécialisés 
et à l’installation de nouveaux appareils au laboratoire de physique du globe 
de Saint-Claude;

— à la mise en place progressive d’un système d’alerte des populations par sirènes 
mobiles et hauts parleurs installés sur des véhicules des sapeurs-pompiers, et 
qui plus tard seront remplacés par des sirènes fixes;

— à une série de travaux visant à améliorer la circulation routière: lancement d’un 
pont Bailey à la sortie nord de Basse-Terre pour doubler le pont de pierre à 
voie unique, création de chemins d’évacuation pour certains villages enclavés 
ou ne disposant que d’un seul itinéraire d’évacuation, etc.

Enfin, le département doit pouvoir rapidement disposer d’un premier stock 
de sécurité de lits de camp, couvertures, tentes, médicaments, vaccins, etc., qui 
seront livrés par voie aérienne, ainsi que d’un important lot de postes radio 
émetteurs-récepteurs, portatifs ou fixes, destinés à compléter l’équipement des 
ambulances, véhicules et centres de secours des sapeurs-pompiers des secteurs 
menacés.

3.2. Acheminement des renforts depuis la métropole

L’acheminement éventuel depuis la métropole de différents détachements et 
matériels spécialisés est également programmé.
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Subordonné à une demande expresse du préfet, le délai prévu entre la 
réception de l’appel par la métropole et la livraison du détachement sur l’aérodrome 
du Raizet à Pointe-à-Pitre ne doit pas excéder 12 heures. Eu égard au temps de 
vol de 7 heures, incompressible, la brièveté du délai imparti pour alerter, rassembler, 
équiper et embarquer les personnels et les matériels, soit 5 heures, exige la mise au 
point de toute une série de mesures pratiques particulières (messages préétablis, 
préconditionnement des matériels, etc.).

Etaient ainsi programmés, en liaison avec le ministère de la défense, l’envoi 
à la demande de:

-  deux hélicoptères Alouette II;
-  cinq hélicoptères Alouette I I I  (2 de la sécurité civile et 3 de l’armée);
— trois hélicoptères Puma avec leurs équipages (délai de 24 heures avec 

embarquement prévu à Pau à bord d’avions Transall, et vol via Dakar, Natal, 
Cayenne jusqu’à Pointe-à-Pitre);

— d’un détachement de 164 officiers, sous-officiers et sapeurs de la Brigade de 
sapeurs-pompiers de Paris avec équipements de secours spécialisés et matériels 
de sauvetage-déblaiement, de repérage de victimes ensevelies, etc.;

— d’un deuxième détachement semblable composé de personnels de l’unité 
d’instruction de la sécurité civile n° 7 et du Bataillon de marins pompiers 
de Marseille;

-  de l’élément médical militaire d’intervention rapide (EMMIR) avec 
70 personnes et 43 tonnes de matériel, et composé de:

• une cellule de commandement et de soutien,
• deux cellules chirurgicales,
• une cellule médicale,
• une cellule de convoyage aérien,
• une cellule laboratoire,
• une cellule radiologique.

3.3. Le plan «ORSEC éruption»

L’ensemble des mesures détaillées ci-dessus sont accompagnées par 
l’établissement d’un plan général d’organisation des secours «ORSEC éruption».

Aux termes de la loi française, on sait que c’est au maire qu’incombe la 
responsabilité d’assurer la sécurité des personnes et des biens dans sa commune 
tandis qu’au niveau intercommunal et départemental, cette responsabilité est 
assumée par le préfet. Etabli donc en liaison avec les municipalités et 
entièrement placé sous le signe de la vitesse et de la précision dans l ’exécution, 
le plan «ORSEC éruption» adopté par le préfet de la Guadeloupe fixe, entre 
autres, le cadre général ainsi que le détail des mesures à prendre par les services.
Il précise en outre l’organisation et la composition de l’état-major à créer 
auprès du préfet.
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Les modalités retenues pour alerter les populations et la signification des 
messages sont dûment précisées dans le plan, à savoir:
— Alerte n 1: «Préparez l’évacuation». La situation volcanique étant préoccupante, 

l’évacuation des communes de . . .  est à envisager prochainement.
— Alerte n 2: «Ordre d’évacuation». La situation volcanique présentant des 

risques pour la population, l’évacuation des communes de . . .  doit intervenir 
immédiatement.

En corrélation avec ces deux phases, les services départementaux et, spéciale
ment, les directions des affaires sanitaires et sociales, de l’équipement, de 
l’éducation nationale et des affaires maritimes ainsi que la gendarmerie, la police, 
les services d’incendie et de secours et les unités des forces armées établissent 
un catalogue très détaillé des missions et des dispositions à prendre par chacune 
d’elles aux différents échelons de responsabilité.

Au niveau des communes, des plans particuliers sont également rédigés.
Ceux-ci ont pour but d’informer la population sur:

— les risques présentés par le volcan;
— les modalités de diffusion de l’alerte;
— la conduite à tenir par les habitants pour se préparer à une éventuelle évacuation;
— les consignes particulières à suivre en cas de pluies de cendres, de fortes odeurs 

de gaz (anhydride sulfureux et hydrogène sulfureux) et de secousses sismiques 
importantes;

— les dispositions particulières concernant les enfants en classe;
— les dispositions concernant l ’évacuation proprement dite;
— les consignes aux différents services communaux;
— le contrôle et la régulation de la circulation routière, etc.

Cette définition, aussi précise que possible, de toutes les consignes, 
responsabilités et actions à mener par chacun vise non seulement à accélérer le 
déroulement des différentes phases de l’évacuation puis de l’accueil en zone 
abritée, mais encore à placer les exécutants dans un cadre strict préétabli de nature 
à éviter, au moment de l’action, toute initiative irréfléchie ou réaction 
de panique.

Tous ces plans sont évidemment largement diffusés dans les services ainsi 
qu’ auprès de la population et font l’objet de commentaires à la radio et à la 
télévision, de discussions, de conférences et aussi d’exercices, en particulier dans 
les hôpitaux, les écoles et les entreprises.

3.4. L’état-major «ORSEC éruption»

Mis sur pied dès que la situation l’exige et, au plus tard, lors du déclenchement 
de l’alerte n° 1, l ’état-major «ORSEC éruption» comprend des représentants de 
toutes les directions ou services départementaux, ainsi que des forces armées.
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Tenu informé en permanence sur la situation volcanique, il a la charge:

— de préparer les décisions du préfet, c’est-à-dire de lui fournir en permanence 
toutes les données et renseignements qui lui sont nécessaires pour les prendre,

— d’en suivre l’exécution,
— d’assurer toutes les liaisons nécessaires pour renseigner le préfet sur la situation, 

son évolution prévisible, l ’état des besoins, les possibilités des moyens engagés 
ou tenus en réserve, le fonctionnement des services, etc.,

— d’établir la liste des moyens de renfort à demander à la métropole,
— enfin, de renseigner en permanence le Ministère de l’Intérieur (centre 

opérationnel de la Direction de la sécurité civile) sur l’évolution de la situation 
et le déroulement des opérations.

Lors des événements de 1976, c’est le directeur de cabinet du préfet qui 
assuma les fonctions de chef d’état-major.

L ’état-major proprement dit se composait:

— d’une cellule «Renseignements»,
— d’une cellule «Relations publiques»,
— d’une cellule «Opérations»,
— d’une cellule «Logistique» comprenant:

• un bureau «Régulation — Transports» (terrestres, maritimes, aériens)
• un bureau «Ravitaillement»
• un bureau «Hébergement»
• un bureau «Finances»
• un bureau «Réquisitions»

— d’un bureau «Courrier — Messages»,
— d’un centre de transmissions (radio, télex et téléphone) avec notamment deux 

lignes directes avec le laboratoire et le personnel scientifique surveillant en 
permanence le volcan et une ligne directe avec le Ministère de l’Intérieur à 
Paris, assurant également le rôle d’un commandement des transmissions 
chargé d’établir l’ordre de base des transmissions pour l ’ensemble des moyens 
engagés (postes, douanes, sapeurs-pompiers et véhicules de secours, police, CRS, 
gendarmerie, forces armées).

En outre, des antennes des différentes directions ainsi que des forces armées 
étaient présentes en permanence auprès de l ’état-major et participaient à tous ses 
travaux.

Elles transmettaient également ordres et directives à leurs services respectifs, 
rendaient compte à l’état-majordu déroulement de leurs opérations particulières, 
de leur situation en effectifs et en moyens, de leurs besoins, etc.
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Un poste de commandement arrière est également mis sur pied à Pointe-à-Pitre 
sous les ordres du sous-préfet de la ville.

Disposant d’un état-major réduit et des mêmes antennes que l’état-major 
ORSEC, sa mission principale est d’organiser et de coordonner l’accueil et 
l’hébergement des réfugiés, et spécialement de ceux arrivant par voie maritime 
ou aérienne qui sont composés en majorité de malades en provenance des hôpitaux 
et sont destinés à être hébergés dans d’autres cliniques ou hôpitaux de la Grande- 
Terre. Il assure également la réception, le contrôle, le stockage et la répartition 
des moyens matériels de renfort en provenance de la métropole acheminés par la 
voie aérienne. Enfin, ce PC arrière est destiné à se transformer en PC principal 
dès que le préfet et son état-major ORSEC doivent eux-mêmes quitter la ville de 
Basse-Terre.

L’organisation décrite ci-dessus fut effectivement mise sur pied lors des 
évacuations de juillet et d’août 1976.

4. EVACUATION DES POPULATIONS EN JUILLET 1976 ET EN AOUT 1976

Pendant que la Guadeloupe, avec l’aide de la métropole, se préparait donc 
à faire face au danger, l’activité volcanique restait soutenue.

4.1. L’évacuation du 8 juillet 1976

Le 8 juillet à 8 h 55, le chef du laboratoire de physique du globe implanté 
à Saint-Claude alerte le préfet de région du déclenchement d’un «tremor» sur 
les sismographes du laboratoire et d’une importante manifestation de surface.
Au même instant, les habitants de Basse-Terre voient s’élever au-dessus du volcan 
un énorme nuage noir et ceux de Saint-Claude sont plongés dans l ’obscurité par 
les chutes de cendres. Comme il fallait s’y attendre, un désir irrépressible de 
quitter les zones menacées s’empare de la population. Le préfet met aussitôt 
en place la pré-alerte et toutes les mesures sont prises pour faciliter et organiser 
ce départ spontané. Dès les premières minutes, les forces de l ’ordre rejoignent 
les postes qui leur sont assignés par le plan «ORSEC éruption». C’est ainsi que, 
de 9 h 00 à 11 h 00, 25 000 personnes quittent la Basse-Terre pour se rendre 
en Grande-Terre par des routes étroites et souvent difficiles, avec plusieurs ponts 
à passage unique. Aucun accident grave n’est à déplorer, gendarmerie, police 
et CRS assurant une excellente régulation du trafic routier.

L ’éruption, quoique nettement plus importante que celle de 1956, semble 
de nature phréatique et ne présente pas de danger grave dans l’immédiat. Le 
préfet de région s’adresse alors par radio à la population pour la renseigner, la

3.5. Le poste de com m andem ent arrière
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rassurer et l’appeler au calme. Il ne juge pas utile de déclencher l’alerte n° 1, 
mais décide de l’évacuation des établissements hospitaliers de Saint-Claude.

Le début de panique qui a existé pendant une demi-heure environ a pu être 
maîtrisé grâce à la présence immédiate des forces de police et de gendarmerie aux 
points stratégiques. Vers 11 heures, le grand exode a pris fin. L’évacuation des 
malades de Saint-Claude peut commencer. Selon les dispositions du plan ORSEC, 
les cars réquisitionnés et les ambulances du Service départemental d’incendie et 
de secours vont chercher les malades en commençant par les établissements les 
plus proches du volcan. Les malades sont acheminés soit vers le port de Basse-Terre, 
soit, pour les plus graves, vers l’aérodrome de Baillif; 1150 malades sont évacués 
par voie maritime à bord de cargos réquisitionnés; 23 rotations d’avions, pour 
l’essentiel des Twin Otter de la Compagnie Air Guadeloupe, transportent vers le 
Raizet 250 malades graves, tandis que 500 autres malades seront évacués par la 
route en ambulance. Aucun décès ou accident grave n’est à déplorer au cours de 
ces opérations.

Au soir du 8 juillet, grâce au sang-froid et au dévouement de tous, grâce 
aussi à la précision du plan ORSEC et à son articulation sur l’échelon parisien, une 
importante population dont 1900 malades a pu quitter la Basse-Terre sans aucune 
victime. Par mesure de sécurité, un certain nombre d’évacuations ont encore lieu 
après le 8 juillet. Le préfet fait aussi procéder au transfert des 40 derniers détenus 
de la maison d’arrêt de Basse-Terre.

4.2. L ’accueil des populations déplacées

Dans l’après-midi du 8 juillet et dans les jours qui suivent, une importante 
population gagne les régions non dangereuses. Son accueil est pris en charge, selon 
les dispositions du plan ORSEC, par le PC arrière de Pointe-à-Pitre qui est 
immédiatement activé. Il faut d’abord accueillir la population hospitalière qui 
débarque à Pointe-à-Pitre jusqu’à 4 heures dans la nuit du 8 au 9 juillet. Elle est 
immédiatement acheminée et installée dans les établissements d’accueil prévus 
par le plan ORSEC. C’est ainsi que le Centre hospitalier de Pointe-à-Pitre double 
le chiffre de ses malades. Les bâtiments libérés par les vacances scolaires accueillent 
à Petit-Bourg, Raizet et Gosier des cliniques et des hôpitaux entiers.

Vingt-cinq mille personnes valides ont également quitté leur domicile au 
matin du 8 juillet. La moitié environ peut être accueillie chez des parents ou 
amis, mais les plus démunis n’ont pas cette ressource. Dès le 8 juillet, le préfet 
de région obtient du ministre de l’intérieur l’ouverture d’un crédit de 2 millions 
de francs pour faire face aux premières dépenses ainsi que l’envoi immédiat de lits, 
de draps et de couvertures. Dès les premiers jours, 1500 lits militaires sont envoyés 
de Fort-de-France et 4000 expédiés de Paris par deux vols spéciaux. Ils sont 
répartis entre les communes d’accueil grâce aux moyens de l’armée qui joue, dans 
cette occasion, un rôle capital.
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4.3. Retour des réfugiés en Basse-Terre

Après avoir recueilli l’avis d’une importante délégation de volcanologues et 
de scientifiques venus de Paris le 13 juillet pour étudier la situation volcanique, 
le préfet invite les populations évacuées à rejoindre leurs domiciles. Une majorité 
suit ce conseil au cours des huit jours suivants.

Seuls les hôpitaux ne sont pas autorisés à faire revenir leurs malades pour 
des raisons évidentes de sécurité. Toutefois, deux établissements hospitaliers 
de Basse-Terre reçoivent mission d’accueillir les malades locaux et d’assurer les 
urgences.

4.4. Enseignements

Les enseignements de cette première évacuation des populations ont été 
immédiatement exploités pour compléter le plan ORSEC et améliorer encore 
l’information du public.

On procéda par ailleurs:

— au renforcement de la surveillance du volcan de jour comme de nuit par la 
mise en place d’équipes et de matériels spécialisés;

— au renforcement des réseaux de transmissions radio fonctionnant en permanence;
— à l’établissement de lignes téléphoniques directes entre autorités et services de 

secours après constatation d’un blocage complet des communications 
téléphoniques le 8 juillet entre 8 h 45 et 10 h;

— au lancement d’un pont Bailey de 40 m par l’armée, pour doubler le pont à 
voie unique sur la rivière des Pères à Baillif;

— à l’accélération des travaux d’ouverture d’une route côtière permettant de 
relier rapidement la ville de Basse-Terre avec la zone abritée de Vieux-Fort.

— à la mise en alerte, en métropole, de moyens de renfort (hélicoptères et 
détachements d’intervention).

5. DEVELOPPEMENT DU PHENOMENE VOLCANIQUE ET EVACUATION  
D’AOUT 1976

5.1. Les manifestations volcaniques de la fin juillet

Le dimanche 25 juillet, vers 14 h 30, une nouvelle éruption se déclenche 
après une longue période de calme. Pendant une vingtaine de minutes, on assiste 
à une émission de poussières volcaniques qui retombent sur les écarts de Matouba 
et Papaye ainsi que sur les hauteurs de Baillif et Vieux-Habitants. Le mardi 27, 
nouvelle projection de poussières volcaniques. Dans le même temps, l’activité 
sismique se développe avec une intensité inconnue jusqu’alors. C’est ainsi que la
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nuit du 29 au 30 juillet connaît deux crises sismiques aiguës. Le 28 juillet, la 
Matylis, petite rivière prenant source sur les flancs du volcan, charrie des torrents 
de boue qui empruntent le cours du Gallion puis se déversent dans la mer en lui 
donnant une teinte brunâtre à plusieurs centaines de mètres au large.

Ces nouvelles manifestations du volcan jettent le trouble dans l’esprit de 
la population. Les familles quittent Papaye et, surtout, Matouba située à 700 m 
d’altitude.

5.2. La crise de la mi-août

A partir du 9 août, les manifestations volcaniques se suivent à un rythme 
accéléré et de façon ininterrompue. A 19 h 45, un important tremor d’une 
durée de 11 minutes se déclenche et un gros nuage s’élève au-dessus du volcan 
dont les poussières retombent sur les hauts de Saint-Claude, Baillif et Vieux- 
Habitants. D’importantes coulées de boue empruntent le cours de la Matylis et 
recouvrent la route de la Citerne sur une longueur de 80 m. On constate le 
lendemain que des blocs de plus de 100 kg ont été projetés aux alentours du 
volcan. Cette fois, la population de Matouba et de Papaye quitte spontanément 
ses maisons pour chercher refuge dans les centres d’accueil ouverts à Saint-Claude 
et à Basse-Terre.

Le 12 août, aux premières heures de la nuit, une crise sismique importante 
se déclenche.

Le vendredi 13 août, l’activité sismique est encore très soutenue. A partir 
de 15 heures, une importante émission d’éléments fins recouvre d’un gros nuage 
gris le flanc ouest du volcan jusqu’à Baillif.

De l’avis des experts volcanologues, l’intensité des séismes, qui témoigne 
d’une grande libération d’énergie, et l’importance des manifestations de surface 
rendent indispensable de renforcer sans délai les mesures de sécurité. A 17 heures, 
en accord avec les maires de Basse-Terre et de Baillif, le préfet décide, d’une part, 
l ’évacuation des malades et des personnes de Basse-Terre non indispensables au 
fonctionnement des services publics, et d’autre part, l’évacuation de toute la 
population de Baillif alors soumise aux chutes intenses de poussières volcaniques 
tandis qu’une odeur persistante et forte d’hydrogène sulfuré envahit toute la 
région.

A partir de 17 heures, l’évacuation des malades commence. L ’opération se 
déroule dans de bonnes conditions grâce aux ambulances du Service départemental 
d’incendie et de secours, équipées de moyens radio, et aux rotations d’avions 
d’Air Guadeloupe. Des autocars réquisitionnés complètent ce dispositif. Le 
préfet demande à Paris deux hélicoptères ainsi que d’importants moyens de 
sécurité et d’hébergement. Ces besoins sont satisfaits immédiatement et les renforts 
s’ajouteront aux deux hélicoptères déjà engagés sur place.
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5.3. L ’évacuation du 15 août

Vers 7 h 45, l’équipe scientifique en place à Saint-Claude souhaite avoir 
d’urgence un entretien avec le préfet. Les scientifiques lui expliquent alors que, 
d’après leurs observations, la probabilité d’une évolution rapide vers une phase 
explosive et dangereuse du volcan ne peut plus être exclue et qu’une nuée ardente 
dirigée risque désormais de frapper incessamment et n’importe où.

A 8 h 40, le préfet déclenche l’alerte n° 2 portant évacuation totale de la 
zone avant minuit, à l’exception de Vieux-Fort. Un arrêté sera pris pour 
confirmer cet ordre d’évacuation et délimiter la zone concernée.

L ’opération était déjà préparée par l’évacuation des malades de Basse-Terre 
du 13 août. Elle se déroule dans un grand calme. D’importants moyens sont 
mis en oeuvre. Deux porte-conteneurs et plusieurs vedettes saintoises permettent 
l’évacuation de 5000 habitants de Basse-Terre et de Trois-Rivières. Les moyens 
de transport en commun réquisitonnés ainsi que les véhicules de l ’armée, de la 
police, et de la gendarmerie assurent l’évacuation de la population dépourvue de 
transport individuel. Plusieurs rotations d’avions complètent ce dispositif. Les 
principales administrations ont la possibilité d’évacuer leurs fonds, archives et 
documents de travail essentiels.

Un important dispositif de gendarmerie se met en place pour interdire l’accès 
à la zone évacuée. Vers 21 heures, le préfet quitte la préfecture de Basse-Terre 
avec ses proches collaborateurs et l’état-major ORSEC.

La zone est vide. Seule l’équipe scientifique repliée avec ses installations 
dans le laboratoire du Fort Saint-Charles continue à monter la garde au pied du 
volcan.

L ’organisation des opérations d’évacuation prévue par le plan ORSEC, 
encore améliorée depuis le 8 juillet, a incontestablement évité tout mouvement 
de panique.

Cependant, il faut noter que les opérations d’évacuation ont également été 
facilitées par le calme du volcan enregistré au cours de la journée du 15 août.
Mais l’accalmie est de courte durée. Dès le 16 août, on ressent deux violents 
tremblements de terre. A 17 h 30, la région de Basse-Terre est ébranlée et un 
nuage de 400 m de haut s’élève au dessus de Saint-Claude. A 20 heures, la 
secousse est ressentie jusqu’à Pointe-â-Pitre, tandis que les populations en limite 
de zone entendent une détonation et que les sismographes du fort Saint-Charles 
enregistrent un séisme toutes les 20 secondes. Les scientifiques restés au fort 
ressentent violemment la secousse et évacuent leur poste en toute hâte par la 
route de Rivière-Sens en direction de Vieux-Fort. Ils sont recueillis à bord d’un 
bâtiment de la marine nationale, l’Arcturus.

L ’activité est intense dans les jours qui suivent. Entre le 16 août à 16 heures 
et le 17 août à 14 heures, plus de 1000 séismes sont enregistrés. Le 17, la 
rivière du Galion déborde. On constate des émissions de cendres le 19 et le
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21 août. Ce dernier jour connaît, à 23 h 26, une importante éruption qui modifie 
profondément le sommet du volcan. Pour la première fois, les poussières se 
répandent sur Gourbeyre et Trois-Rivières jusqu’aux abords de Vieux-Fort. Les
22 et 23 août, nouvelles émissions de cendres. Le 24 août, l’activité sismique 
connaît un développement jamais atteint avec, en 24 heures, 1257 secousses dont 
une vingtaine sont ressenties.

Dès le 16 août, l’état-major ORSEC fonctionne dans les locaux de la 
sous-préfecture de Pointe-à-Pitre, devenue siège provisoire de la préfecture.

Renseigné en permanence sur la situation volcanologique par l’équipe 
scientifique demeurée au Fort Saint-Charles, l’état-major se trouve à la tête 
du dispositif de sécurité et fonctionne dans les conditions prévues par le plan.

Une salle opérationnelle regroupe les représentants des différents organismes 
participant aux opérations ORSEC pour leur transmettre immédiatement les 
décisions élaborées.

Des cellules spécialisées sont chargées de l ’hébergement, de l’action sanitaire 
et de l ’accueil des renforts.

Un membre du corps préfectoral et plusieurs fonctionnaires, dont des 
volontaires de l’aide technique, sont présents en permanence pour réagir 
immédiatement et actionner, grâce au triple réseau radio et aux liaisons 
téléphoniques, les moyens nécessaires.

Le 15 août, avant minuit, se pose au Raizet un avion spécial en provenance 
de Paris transportant le directeur de la Sécurité civile et un détachement de 
164 hommes de la brigade de sapeurs-pompiers de Paris avec leur matériel.

Ces renforts sont prêts à mener des missions de secours et de recherche 
des victimes grâce à leurs techniques et à leur matériel perfectionnés. Ils assument 
immédiatement des tâches au profit des centres d’accueil et des missions de 
présence et de sécurité en zone menacée.

Par ailleurs, en septembre et octobre, sur demande des volcanologues, des 
opérations de plongée à 50 ou 60 mètres de profondeur sont effectuées en 
haute mer par les plongeurs des sapeurs-pompiers de Paris en vue de reconnaître 
les hauts fonds du banc Colombie, entre Capesterre et Marie-Galante, et procéder 
à des prélèvements de roches.

Le 16 août, l’importance des manifestations volcaniques et la menace d’une 
éruption majeure amènent le préfet à réglementer strictement l’accès à la zone 
évacuée. L ’approche de la zone dangereuse est interdite aux navires et aux 
avions. Des barrages de gendarmerie sont établis à l’entrée de la zone, en liaison 
radio permanente avec le PC ORSEC. Toutefois beaucoup de personnes souhaitent 
rentrer chez elles pour en ramener des biens et des matériels indispensables. Des 
laissez-passer sont donc délivrés par la préfecture. Mais cet accès à la zone n’est 
possible que de jour à ceux qui en assument la responsabilité et disposent d’un 
poste de radio pour être informés du danger. Il peut être mis fin instantanément 
aux autorisations d’entrée par le PC ORSEC. Pour répondre à certains besoins
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urgents, le PC ORSEC est amené à organiser avec les professionnels des opérations 
particulières: le 18 août, une opération «récupération du bétail» et, le 20 août, 
une opération «récupération des bateaux» au profit des marins pêcheurs qui 
avaient dû abandonner leurs embarcations, c’est-à-dire leur outil de travail.
C’est ainsi qu’un équilibre est trouve entre les impératifs de la sécurité et la 
nécessité de récupérer des matériels indispensables à la reprise de la vie.

5.4. Information du public

Dès le début de la crise, l’information a joué un rôle essentiel dans le 
dispositif de sécurité et le bon déroulement des opérations. A partir du 8 juillet, 
la station radio locale a adopté un régime de diffusion permanente. A tout instant, 
le PC ORSEC a la possibilité de faire passer informations et directives. Pour 
permettre aux personnes séparées par l’évacuation de rentrer en contact, les 
deux chaînes de radio (FR 3 et radio Jumbo) ont réservé une part importante de 
leurs heures d’émission à la diffusion de messages personnels. L ’information sur 
le déroulement de la crise volcanique n’a jamais manqué à la population. Deux 
communiqués, le matin et le soir, font quotidiennement le point de la situation.
En outre, le préfet s’oblige dans les jours qui suivent le 15 août à tenir chaque 
jour avec les experts une conférence de presse pour expliquer à la population 
l’évolution de la crise et les mesures prises par les pouvoirs publics. Un nombre 
important de journalistes de la presse internationale assistera à ces réunions.
Au total, le dispositif de sécurité, combiné avec une très large information, va 
limiter au maximum les risques encourus par la population.

5.5. L ’accueil des populations évacuées

Le 15 août au soir, 73 000 habitants ont quitté leur domicile. Certains 
savent où aller, qu’ils aient pris des dispositions pour trouver un logement de 
repli, ou qu’ils soient accueillis chez des parents ou amis. Et, en ces circonstances, 
on ne dira jamais assez combien l’entraide a joué. Mais d’autres n’ont pas cette 
chance et il appartient aux pouvoirs publics de les prendre en charge. Certes, un 
plan d’accueil a été mis en place et rodé à partir du 8 juillet. Mais l’ampleur de 
l’évacuation pose immédiatement des problèmes ardus qui ne seront résolus que 
progressivement. Sous la direction du sous-préfet de Pointe-à-Pitre, les trois 
cellules du PC arrière en ont la responsabilité.

L ’hébergement proprement dit est le premier problème puisque 
18 500 personnes rejoignent les centres dès le 15 août au soir. Fin août, un 
maximum est atteint avec 20 500 personnes réparties dans 18 communes d’accueil 
entre 98 centres dont 90% sont constitués par les écoles. Le problème le plus 
immédiat est celui du couchage. Les lits et couvertures reçus de métropole au 
mois de juillet sont insuffisants. Plus de 10 000 lits sont expédiés par voie
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aérienne le mardi 17 août et les jours suivants. Lorsque les lits de camp répondent 
aux besoins, l’attention se porte sur le reste de la literie. Au total, 21 500 lits 
picots, 14 700 couvertures, 1000 sacs de couchage seront envoyés en Guadeloupe 
par la Direction de la sécurité civile. Les matériels sont pris en charge et répartis 
selon les besoins avec le concours de l’armée et des sapeurs-pompiers de Paris.

La subsistance des populations déplacées et sans ressources est également 
prise en charge par les pouvoirs publics. Dès le 20 août, 25 000 rationnaires sont 
nourris par l’administration. On atteint le chiffre de 33 000 à la mi-septembre 
car beaucoup de personnes initialement prises en charge par leurs parents ou 
amis demandent le bénéfice des repas gratuits.

L ’organisation de la vie dans les centres pose d’emblée de nombreux 
problèmes. L ’encadrement sanitaire est essentiel pour assurer aux réfugiés une 
vie décente et éviter les épidémies. Un encadrement en assistantes sociales, 
infirmières et travailleuses familiales est alors mis en place dans les centres 
d’hébergement, où un médecin assure chaque jour une visite quotidienne.

Fin août des laveries, des sanitaires et des réseaux d’enlèvement des ordures 
ménagères sont mis en place. Très vite, les moustiques deviennent un des 
inconvénients majeurs de la vie dans les camps et d’incessantes opérations de 
démoustication doivent être menées.

L ’animation dans les camps retient également l’attention de l ’administration 
car il est impossible de laisser désoeuvrée cette population. La Direction de la 
jeunesse et des sports prend en main cette tâche qu’elle assure grâce au concours 
de fonctionnaires de l ’éducation nationale, jusqu’à la rentrée des classes tout au 
moins.

La sécurité à l ’intérieur des centres n’a jamais posé de problèmes importants. 
Toutefois, à titre préventif, les forces de police municipale et de la gendarmerie 
effectuent des rondes de jour et de nuit.

5.6. L’administration

Il importe que les personnes déplacées bénéficient d’un encadrement 
administratif minimum que les structures nouvelles mises en place ne peuvent 
assurer. Très vite, les maires des communes évacuées rétablissent les contacts 
avec leurs administrés. Des antennes des mairies évacuées sont installées en zone 
de repli. Des bureaux d’aide sociale sont ouverts à proximité des divers centres.
A partir du début septembre, lorsque la situation se décante, le courrier est à 
nouveau acheminé.

5.7. Retour des réfugiés en Basse-Terre

L’activité sismique, après les 5989 séismes du seul mois d’août, semble 
faiblir puisqu’on enregistre, malgré quelques nouvelles éruptions phréatiques 
assez violentes, 1716 séismes en septembre, 2856 en octobre et 1043 en novembre.
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Cette impression est confirmée par les conclusions plus rassurantes des 
commissions d’experts français et étrangers venus enquêter sur place.

Parallèlement on constate un fléchissement progressif du nombre de 
réfugiés nourris dans les centres d’hébergement: 29 000 le 8 octobre,
25 000 le 15 octobre, 16 000 le 4 novembre. Le 29 novembre, il ne sera plus 
que de 10 000. A la même date, le préfet décide la réinstallation de tous les 
services officiels à la préfecture de Basse-Terre.

5.8. Enseignements

Désormais, pour toutes ces populations, il s’agit de s’habituer à vivre avec 
leur volcan, car une nouvelle crise éruptive dans un mois, dans un an ou dans 
dix ans ne peut être exclue.

Profitant des expériences passées, un effort important s’est poursuivi pour 
améliorer encore la sécurité. Ainsi, un système perfectionné de surveillance du 
volcan fonctionne en permanence, tandis qu’un réseau de sirènes à commande 
centralisée permet d’alerter simultanément une, plusieurs ou la totalité des 
communes avec les habitants des zones directement menacées. Egalement, un 
programme de construction de 2000 structures d’accueil et de 1000 logements 
à loyer réduit a été réalisé en Basse-Terre en dehors des secteurs dangereux.

Par ailleurs, tous les services publics (hôpitaux, lycées, écoles, casernes, etc.) 
ainsi que les entreprises privées employant plus de 10 personnes ont été invités 
à remettre régulièrement à jour et à diffuser, en liaison avec les services de la 
sécurité civile, leurs plans particuliers d’évacuation.

Enfin, pour encore mieux informer les populations, un film intitulé 
«Vivre avec son volcan» a été spécialement tourné à l’intention des habitants 
de la Guadeloupe et aussi de la Martinique, menacés eux par le volcan de la 
Montagne Pelée. Ce film est régulièrement projeté dans les salles de cinéma, à 
la télévision et dans les établissements scolaires de ces deux départements.

6. CONCLUSION

De mai à novembre 1976, la Guadeloupe a vécu au rythme des convulsions 
de son volcan dans l’inquiétude et parfois l’angoisse, spécialement chez les 
populations des villes et localités directement menacées.

Si les évacuations limitées en juillet puis celles totales en août des 
73 000 habitants du sud de la Basse-Terre se sont déroulées dans de très 
bonnes conditions, on le doit non seulement à la qualité de la préparation et 
à l’organisation mise sur pied par les autorités locales en liaison avec la métropole, 
mais encore à l ’esprit de discipline et de solidarité manifesté par les populations.
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Certes, l ’importante aide de l’Etat en matière de renforts en personnels, 
d’envoi de matériels et d’allocations de crédits a très largement épaulé les 
efforts du département et des communes, mais il faut souligner la part prépon
dérante prise par l’administration, les élus locaux, les cadres et les exécutants 
de tous les services ainsi que des forces armées pour mener à bien, avec rapidité 
et efficacité, un ensemble d’opérations particulièrement complexes.
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Abstract

HEALTH ASPECTS OF HANDLING OF RADIATION ACCIDENTS.
Diagnostic evaluation and treatm ent o f  radiation injuries require specialized knowledge 

and facilities. To assist developing countries in particular and to  improve WHO’s data 
collection capability it is proposed to  establish a num ber o f WHO collaborating centres on 
hum an radiopathology. The paper gives their terms o f references and suggests the services 
these centres m ight provide. In conclusion, it looks at health  emergency planning and future 
needs as regards public inform ation and education.
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The main task o f various safety measures in all fields o f human activities is 
the prevention of deleterious effects o f various agents on human health. This is 
an important task o f WHO under its Constitution.

In the main goal o f WHO, “health for all by the year 2000” , preventive 
medicine measures will play an important role. The WHO emphasis will be placed 
on the prevention of chemical hazards as a most important environmental factor 
influencing human health.

In 1977 the World Health Assembly approved a resolution on chemical 
safety calling for international co-operation in the evaluation and prevention of 
health risks from chemicals and including the provision of an emergency response 
for the population. For WHO protection from physical factors, including radio
logical protection and safety, is only a minor part o f its general activities in the 
environmental health programme. The special attention devoted to chemical 
protection and safety also provides a unique possibility for WHO to compare 
health detriment from physical and chemical environmental agents.

On the topic of radiation protection of the population WHO selected those 
areas which are o f major public health concern. Recent WHO activities in this 
field include the report on Health Implications o f  Nuclear Energy Production, 
issued by the WHO Regional Office for Europe in 1977. In 1979/1980 the WHO 
European Office Working Groups considered health implications in the handling 
of transuranic elements, and the health implications of high-level waste disposal, 
and these reports will be published in the near future.
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In the area of handling of radiation accidents WHO closely collaborates with 
the IAEA, ILO, FAO and UNDRA in preparing documents on mutual assistance 
in radiation accidents. Further attention is being given to the development of 
medical emergency preparedness for handling radiation accidents. WHO activities 
in this field should not only cover the nuclear industry, but all areas where 
radiation is used.

Radiation injuries o f various degrees o f severity, usually caused by accidental 
over-exposure, are not infrequent in industry, agriculture and medicine, and only 
some 20% of these come from atomic establishments. Diagnostic evaluation and 
treatment require specialized knowledge and eventually specialized staff, equipment 
and facilities.

The importance o f these practical aspects o f human radiopathology is likely 
to increase with the use o f radiation in various branches o f industry and medicine, 
and with the development o f nuclear plants and research establishments — 
in particular in developing countries which may not have as yet sufficient trained 
personnel and facilities. It is not always advisable and economically reasonable 
to recommend the organization o f such expensive services in all countries, and 
necessary assistance could be provided on the regional and international level.

As can be seen from past and present programmes o f WHO, IAEA and ILO, 
the question o f diagnoses and treatment o f internal and external accidental 
exposure o f persons has been dealth with extensively through manuals and 
scientific meetings. WHO has played a prominent role in this, since IAEA and ILO 
usually delegated to it that particular question in view o f its traditional health 
responsibilities.

In view o f these considerations, it seems timely to complement the 
preparation o f guidelines by practical steps and to assist countries in .the actual 
treatment of radiation injury which would be directed, in particular, to developing 
countries and would also improve WHO’s capability for data collection on radio
pathology for further appropriate actions.

To this effect, it was proposed to establish a number o f WHO collaborating 
centres on human radiopathology, whose terms of reference would be:

(1) To serve as focal points for advice and possible medical care in cases 
of human radiation injuries

(2) To facilitate when necessary the establishment o f a network o f equip
ment and specialized staff in human radiopathology

(3) To assist in the establishment o f medical emergency plans in the event 
o f large-scale radiation accidents

(4) To develop and carry out co-ordinated studies on human radio
pathology and epidemiological studies where appropriate

(5) To assist in the preparation o f relevant documents and guidelines.
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It was planned that three such centres be established gradually:

One in Paris (Curie Institute, Department o f Radiation Protection) for
Member States in the African, Eastern Mediterranean and European Regions.

One in Oak Ridge University Medical Research Centre for the Americas.

One in Japan, for the Western Pacific and South-East Asian Regions.

As a first step, WHO has designated the Department o f Radiation Protection, 
Curie Institute, Paris, France, as WHO Collaborating Centre on Radiopathology, 
and the Oak Ridge REAC/TS has been designated as a WHO Collaborating Centre 
for Radiation Emergency Assistance.

These institutions have all the necessary facilities and experienced staff to 
perform effectively the functions o f a collaborating centre and, in the case of 
real radiation accidents, might provide the following services:

( 1 ) A team for on-site emergency treatment
(2) A survey team for rapid external radiation and/or contamination surveys

with appropriate equipment
(3) Transportation o f patients
(4) Facilities for medical investigation and treatment including

(a) Bio-assay services
(b) Whole-body monitors
(c) Radiochemical analysis of samples
(d) Specialized staff and hospital facilities for diagnosis and treatment 

of radiation injury.

The experience gained during the handling o f the Three Mile Island radiation 
accident emphasizes the need for more precise and justified public health actions. 
WHO is initiating a study on scientific rationales for public health actions for the 
population in the case o f radiation accidents in order to provide a scientifically 
sound basis for appropriate action including health indications for population 
evaluation, medical supervision o f populations and individuals in the accident 
area, use of preventive medications and treatment. WHO, through its colla
borating centres and institutions, has encouraged the development of co-operation 
between countries in the establishment o f  joint health emergency plans and 
services and the possibility o f organizing exercises in simulated emergency situations 
at government request. The experience of handling radiation accidents will be 
of great value for the establishment and will also be o f assistance in handling 
chemical accidents, as part o f WHO activities in the International Chemical 
Safety Programme.
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( 1 ) Improvement o f  co-operation and understanding between atomic energy 
and public health authorities.

(2) Improvement o f  the education of medical staff at various levels in radiation 
protection and hygiene, so as to give the medical personnel sufficient 
knowledge of the possible health effects of radiation to enable them to 
advise the public on this subject.

(3) The provision for public health authorities and the general public o f adequate 
international information material (booklets, posters, exhibitions, etc.).

In the public inform ation and education sectors, three main developments
are envisaged:
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Abstract

A POSSIBLE SOLUTION TO MITIGATE THE OFF-SITE CONSEQUENCES OF SEVERE 
ACCIDENTS IN NUCLEAR POWER PLANTS.

The paper describes the  Swiss emergency organization including a fast alarm system 
for the population  in the environm ents o f nuclear power plants. Its aim is to  m itigate 
the off-site consequences o f  severe accidents. Justifications are given for the  improve
m ent o f the  old emergency organization and the installation of a fast alarm system . The type 
of accidents chosen fo r the design of the  fast alarm system is m entioned. F o r reasons of 
severity and rapidity  the  geography around each nuclear pow er p lant is organized in three 
zones. In the central zone (zone I) the emphasis has been placed on good com m unications 
and a rapid transmission of the  alert signals. A m onitoring centre, which is part o f the Swiss 
weather bureau, is operated  around the  clock. It has, among o th er duties, to  decide which 
sectors o f zone II shall be alerted. It has also the possibility o f broadcasting radio inform ation  
directly. A three-step warning and alert sequence has been adopted. The warning is transm itted  
by a sim ultaneous m ultiple-call telephone system and is addressed to  federal, regional and local 
authorities. The general alert (step 2) and the radiation alert (step 3) are transm itted  by a siren 
netw ork. The basic counterm easure is sheltering. Underground cellars and excellent civil 
defence shelters are available in the  basem ent o f practically every house. Every household 
in zones I and II has been provided w ith an inform ative brochure and a leaflet explaining the siren 
signals and the  associated behaviour. This leaflet will be prin ted  in all telephone directories.
The criteria for triggering the different steps o f the  fast alarm system are outlined. Finally, 
an agreement signed betw een the  Swiss and the  FRG Governm ents is m entioned. It concerns 
m utual assistance in the case o f nuclear emergencies.

1. INTRODUCTION

In Switzerland four nuclear power plants (NPP) are in operation; one is 
under construction and two in the planning phase (F ig.l). Since all o f these 
NPPs are located in rather densely populated areas, emergency planning to mitigate 
the off-site consequences o f severe accidents is o f the utmost importance. The 
distance of some of the nuclear power plants from the border of the Federal 
Republic o f Germany (FRG) is moreover quite small, with the corresponding 
implications.
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GERMANY

ITALY

FIG .l. Emergency planning zones II (20 km radius) o f  the nuclear pow er plants in 
operation.

In this paper we first describe the emergency organization which has 
existed since 1964. Its first function is to mitigate the radiological consequences 
of a nuclear bomb explosion occurring in neighbouring countries or in Switzerland 
itself. Then we give the reasons why our emergency planning not only takes into 
account design basis accidents in NPPs, but also accidents with off-site conse
quences far beyond those of design basis accidents. These accidents have been 
called ‘class 9 accidents’ by the USNRC. To cope with the effects of these 
accidents a fast alarm system in addition to the existing emergency organization 
has been established in the neighbourhood of each NPP. Our emergency organiza
tion is planned to be simple but very effective, using mainly the means and resources 
of already existing emergency organizations such as the civil defence organization, 
the police and fire brigade, and even the army.

The applicability and relevance of various protective measures are not dis
cussed here, since a very good and comprehensive description of this subject can 
be found in Ref.[ 1].
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2. THE OLD EMERGENCY ORGANIZATION FOR NUCLEAR
ACCIDENTS

The Swiss emergency organization for handling nuclear accidents has been 
described in detail in Ref.[2]. Here only a short survey is given to show what 
the drawbacks o f this emergency organization would have been in the case of 
a severe nuclear power plant accident.

The emergency organization operates a Monitoring Centre. This Centre 
is a part o f  the Swiss weather-office and is in service 24 hours a day. in case o f  
a severe accident the Monitoring Centre, after notification by the staff of the 
nuclear power plant, has the responsibility of warning the population by radio 
and o f proposing appropriate countermeasures in the endangered region. To 
determine the size o f  this region the Centre takes into account the amount of 
radioactive material likely to be released or already released and the prevailing 
weather conditions. The Centre will also contact the local government authorities 
to enable them to assure the implementation o f the proposed countermeasures.

The Monitoring Centre also informs the federal government authorities and 
calls together the staff o f the Emergency Control Centre, which will then 
recommend to the federal government authorities all further countermeasures 
to be taken. These countermeasures will be implemented by the local authorities 
mentioned above.

These warning procedures followed by the Monitoring Centre would have „  
taken a few hours. Furthermore, until recently it was not possible to inform 
the public between midnight and six a.m., because the radio and television 
stations were not in operation.

Therefore, it was realized that the former emergency organization would 
need some time to initiate countermeasures to mitigate the consequences of 
slowly increasing dangers. It would also have been effective in checking food
stuffs to avoid ingestion o f contaminated milk, water, and vegetables. In all 
cases where enough time (i.e. more than 4 hours) was available, the old emergency 
organization could have fulfilled its function.

In the next section we will discuss our reasons for establishing an emergency 
organization able also to cope with the consequences o f a class 9 accident. Once 
this decision was taken, it was clear that the old emergency organization would 
have to be improved so that it could respond much faster.

3. REASONS FOR CONSIDERING CLASS 9 ACCIDENTS IN
EMERGENCY PLANNING

The conclusions o f the Rasmussen Report [3] showed that accidents 
with off-site consequences much greater than those of design basis accidents 
may happen and that the probability o f their occurrence is not negligible.
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SAFETY PRINCIPLES

1
P R E V E N T

the accident

2
C O N T R O L
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3
M I T I G A T E

the accident -  consequences

FIG.2. The three ‘barriers’.

There have always existed two main objectives in the nuclear safety philo
sophy : ( 1 ) to prevent severe accidents, and, if an accident could emerge out of 
some malfunctions o f essential safety systems, (2) to be able to control the events 
by means o f redundant or diversified safety systems. Since the publication o f  
the Rasmussen Report we have tried to add to these two barriers — the avoidance 
and the control o f an accident — a third one (Fig.2).

This third barrier should be able to mitigate the consequences of a severe 
accident should it happen despite the existence o f redundant and diversified safety 
systems. An appropriate third barrier is in our opinion an effective and fast alarm 
system together with a well-trained emergency organization.

Another consideration leads to the same conclusion, i.e. the necessity o f a 
third barrier in the form of an effective alarm system and an emergency organization: 
let us add to the well-known Farmer diagram, plotting the consequences o f acci
dents versus their probability, the points representing the class 9 accidents. Doing 
so we came to divide the consequence-probability field into four quadrants (Fig.3). 
One quadrant is occupied by the design basis accidents, accidents for which the 
off-site consequences, if any, are very small. Another quadrant shows the accidents 
with small consequences and in addition with an extremely low probability of 
occurrence. In our opinion there is no need to further examine these accidents. 
Accidents which could have major off-site consequences and not an extremely 
low probability o f  occurrence should not be allowed to occur. A nuclear power 
plant which might produce such an accident should not be built.

It remains to look at the fourth quadrant. Here we find accidents able to 
cause substantial off-site consequences but with a very low chance o f occurring.
Since the probability of occurrence is very small for this kind of accident, they 
cannot be put in the non-allowable category. But one should be able to mitigate
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FIG.3. Classification o f  accidents.

the off-site consequences should such an accident ever happen. That means the 
implementation o f a fast alarm system and an effective emergency organization.

Before it was decided to improve the existing emergency organization we 
investigated the question as to whether, with the same amount o f money, the 
risk from nuclear power plant accidents could be reduced more effectively by 
adding additional safety systems. Very soon it became clear that a fast alarm 
system is by far the best way to achieve a significant reduction of risk at relatively 
low cost.

4. THE FAST ALARM SYSTEM AND THE NEW EMERGENCY
ORGANIZATION

In 1976 the decision was taken to build a fast alarm system in the neigh
bourhood of every nuclear power plant. In addition, the existing emergency 
organization was reviewed and proposals were made to improve it. In 1977 
the concept of our fast alarm system was represented at an IAEA symposium 
in Vienna [4]. In the following we will describe the main features o f the new 
concept and the status o f our emergency planning efforts now.

4.1. Accidents chosen for the design o f the fast alarm system

The accidents considered for the design o f the fast alarm system are those 
having the greatest off-site consequences described in the Rasmussen Report [3].
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They are characterized by a meltdown o f the reactor core and a loss of contain
ment integrity. The main assumptions concerning the release o f radioactive 
material are adopted as given in Ref.[3]. The existence o f a second containment 
in nuclear power plants built in Switzerland is taken into account by an additional 
hold-up time for the radioactive gases o f 30 minutes and a plate-out factor of 
10 for iodines. The duration o f the release of the radioactive gases from the 
containment is taken to be 30 minutes for the severest accident. The height of 
the release is assumed to be 25 metres above ground. Possible effects o f the heat 
rate in the released gases (buoyancy) are neglected.

4.2. Mathematical models

The computer code AIREM [5] is used to calculate the atmospheric 
dispersion o f the released radioactive gases. This code utilizes a sector-averaged 
Gaussian diffusion equation. Ground deposition, cloud depletion and first 
daughter-product ingrowth are considered. Finite cloud model dose integrals 
are used to calculate the external gamma dose from the cloud.

With our computer code CHRONEX [6] calculations have been made 
to determine the ground contamination. These calculations give the basis for 
evacuation or relocation measures. The doses calculated with these computer 
codes, using the aforementioned assumptions for the release of radioactive 
material, give the basis for defining two emergency planning zones.

4.3. Emergency planning zones

In the region where severe danger exists due to the radiation of the moving 
and expanding cloud of radioactive gases the fast alarm system should make the 
public seek shelter. Therefore a zone I is defined as that region where a person 
standing in the open air could accumulate in a short time (a few hours) a dose 
of more than 100 rem1 due to external radiation from the cloud. For the calcula
tion o f the distance up to which a dose o f more than 100 rem could be accumulated, 
the most unfavourable weather conditions have been used.

The calculated curve was then accommodated to the boundaries o f the 
communities situated in zone I. An example o f an emergency planning zone I 
with a radius o f approximately 4 km is shown in Fig.4.

The emergency planning zone II comprises the area adjacent to zone I with 
an outer radius of approximately 20 km. It is divided into hazard sectors (Fig.5). 
Protective measures must be prepared for the population in this zone, but there 
is more time available to implement them.

1 100 rem =  1 Sv.
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• • • CONTOUR OF ZONE MATCHED WITH 

-----  BOUNDARIES OF COMMUNITIES

FJG.4. Emergency planning zone I  around NPP Gôsgen-Dàniken.

All areas outside zones I and II are called emergency planning zone III. Even 
in the event o f a major accident, there is here enough time available to make 
decisions and to take the necessary protective measures. Therefore a fast alarm 
system and a thorough preplanning are not needed beyond a distance o f 20 km.

4.4. Warning, general alert, radiation alert

A three-step fast warning and alert sequence has been adopted to guarantee 
effective and rapid warning o f the appropriate authorities as well as fast alerting 
o f the population in emergency planning zones I and II (Fig.6).

4.4.1. Warning

If a major accident sequence starts (ECCS actuation and high dose rate in 
containment), the nuclear power plant issues a warning by a simultaneous multiple- 
call telephone system to the authorities and organizations concerned. These 
authorities are the Monitoring Centre of the emergency organization, the police 
of the cantons (Switzerland is a confederacy o f 23 cantons) having areas in the
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FIG. 6. The three steps o f  the alarm sequence.

two emergency planning zones and the officials o f the community councils 
(chief o f community police, chief o f fire brigade, the mayor and others). The 
purpose of the warning is to prepare the authorities and their organizations 
responsible for giving the alert and for implementation of the safety measures.
The warning issued by the nuclear power plant is not directed toward the popula
tion and is not to be relayed beyond that group of persons for which it is designed 
since under certain circumstances it will not be necessary to alert the public.
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4.4.2. General a le rt

If in the event of a major accident in the nuclear power plant the safety 
systems fail, so that it may be expected that the effects will not remain restricted 
to the internal systems o f the plant and that larger quantities o f radioactive gas 
and materials may be released into the environment, the ‘general alert’ is triggered. 
This is done by sirens. After the ‘general alert’ is initiated the public is continuously 
informed by radio.

4.4.3. R adia tion a le rt

If the situation in the nuclear power plant worsens so that the release of 
larger quantities o f radioactive gases and materials into the environment must 
soon be expected or has already happened, the radiation alert is triggered. This 
is done by the same sirens producing another signal. After the ‘radiation alert’ 
is initiated the population protects itself by going into the nearest houses, closing 
the windows and doors and, in the immediate vicinity o f the nuclear power plant, 
taking refuge in cellars or shelters.

To be able to transmit very rapidly the warning and the alerts to the authori
ties and to the population in zones I and II, the responsibility has been divided 
between the nuclear power plant and the emergency organization. The nuclear 
power plant is responsible for covering zone I, i.e. the staff o f the nuclear power 
plant warns and alerts directly the local authorities and the population in this 
zone. This is done by a simultaneous multiple-call telephone system and by sirens 
which can be triggered remotely from the NPP. For zone II the Monitoring Centre 
is responsible for ensuring that the local authorities will get warning in due time 
and the order to trigger the sirens in their own community.

The federal and the derived cantonal emergency planning concepts are 
described in detail in Refs [1 — 9 ].

4.5. Emergency reference levels

In the context o f our fast alarm system and o f the two emergency planning 
zones we have developed a new approach to the difficult question o f emergency 
reference levels. We have divided into two obvious categories the whole scale of 
nuclear power plant accidents which can give rise to release of radioactive material 
to the environment:

Accidents with off-site consequences below and up to the design
basis accidents

Accidents with off-site consequences beyond those o f design basis
accidents and up to the class 9 accidents.
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FIG.7. A ction levels.

Looking at the first category o f  accidents we think that there will be enough 
information on the amount o f radioactivity released and its release path, which 
will probably be the stack. That means that the effluent monitoring instruments 
in the stack will work correctly and the containment isolation will operate as 
foreseen. Furthermore the maximum amount of radioactivity released in this kind 
of accident is relatively small. Another important fact is that enough time will be 
available for the type of countermeasures to be taken. That means that the 
emergency organization will not be concerned with high doses, so that it can take 
time over decisions.

For the second category of accidents, the class 9 accidents, we have a totally 
different situation: if such an accident occurs neither the staff of the nuclear 
power plant nor the Monitoring Centre will usually know how much radioactivity 
will be or has been released. The instruments in the stack could be ineffective for 
several reasons. The release o f radioactive material could take place through the 
ruptured containment. The amount o f radioactivity released could be very high. 
Therefore quite a large number o f the population could receive high doses. And 
last but not least, the evolution o f the accident could be very fast. That means 
that approximately one hour after the starting event in the nuclear power plant 
the countermeasures, i.e. the protective actions, in zone I, might have to be 
implemented.

What does this mean? The person responsible for making a decision would 
have almost no information regarding the release and the expected doses.

To solve this problem, we have given the staff o f  the nuclear power plant 
strict crite ria  to  trigger the fas t alarm system  (Fig.7). The automatic actuation 
of the ECCS and a high dose rate in the containment is taken as the criteria to  
give the warning. Usually the ECCS will function as planned and the end o f the
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TABLE I. EMERGENCY REFERENCE LEVELS
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Expected external 
whole body dose

Counterm easures

<  1 rem No counterm easures

1 to  5 rem Close doors and windows; 
restriction on remaining outdoors

5 to  10 rem Remain indoors

10 to  30 rem Seek cellars and shelters

>  30 rem Seek cellars and shelters; 
in severe cases: evacuation

emergency will be declared. If this is not the case, additional criteria are defined 
to trigger the general alert. Some of these criteria which are taken in combination 
and are plant specific, are the following:

The dose rate in the containment continues to rise 

The isolation o f the containment has failed

The pressure in the containment is higher than a predetermined set point

The water level in the steam generators has fallen below the minimum set 
point and remains there for some time.

If these conditions worsen and severe damage to the fuel is confirmed, and if  
the release of a large amount o f radioactive material seems to become inevitable, 
then the rad ia tion a le rt must be triggered.

Besides the new approach described above we also have protective action 
guides which have been established for the event o f a nuclear bomb explosion 
in peace time. The values are given in Table I. In case of a NPP accident political 
and psychological reasons could be a motive to order countermeasures to avoid 
much smaller doses.

4.6. The Monitoring Centre

As mentioned previously, the Monitoring Centre is a part o f the Swiss 
weather-office which is in service 24 hours a day. If things develop very fast the
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staff o f the Monitoring Centre can inform the affected population directly. This 
is done by transmitting recommendations to the public by radio.

The permanent staff o f the Monitoring Centre consists o f computer and 
communication experts. Health physicists are on standby and can arrive in the 
Monitoring Centre within 30 minutes.

4.7. Sirens and siren network

To alert the public in the event of non-radiological emergencies various 
alert systems exist. Siren systems are installed beneath dams and in the neigh
bourhood o f some chemical industries. Also, the fire brigades use sirens to alert 
their own personnel should the telephone network fail. The Civil Defence Organiza
tion o f the cantons still have some old air raid sirens. The total number of these 
sirens is modest and would only enable a minority o f the population to be alerted. 
Therefore it was necessary to install an additional siren-network in emergency 
planning zones I and II. The existing sirens of the Civil Defence Organizations are 
being fully integrated in this new network.

Technical specifications for the sirens are described in Ref.[10]. The main 
points specified in this guide are:

The siren signals

The capability to trigger the signals also in case of a failure in the
electric supply network

The sound intensity

The possibility for remote control.

The planning basis for the siren network is given in another guide [11]. 
Therein are defined the lower limit o f the sound intensity (75 dB) in residential 
areas, a cheaper way to distribute the alert in thinly populated areas and the range 
o f different types of sirens.

The cost for the installation o f the siren networks in emergency planning 
zones I and II o f 4 NPP sites is 10 to 12 million Swiss francs. Today, the sirens 
in zone I o f all operating NPPs are installed and ready. The sirens of zones II 
will be operational in December 1981.

A great effort has been made to avoid false alerts. The sirens are equipped 
with a manual safety device. Immediately after the warning has been initiated 
all sirens in zone I and II can be unlocked by the staff o f the NPP in zone I and 
by officials o f the communities in zone II. In case a false alert should be given, 
the public would be informed as soon as possible by radio or by loudspeaker cars. 
We have already experienced one false alert at midmight in a small village.
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FIG.8. E stim ated shielding factors.

4.8. Protective shielding using cellars and shelters

In Switzerland it is mandatory to construct a civil defence shelter in almost 
every new building. Therefore 80 to 90 per cent o f  the population today can find 
a place in a shelter should an emergency occur. Plenty of cellars are available for 
the remaining 10 to 20 per cent o f the population. Figure 8 shows the shielding 
factors which can be achieved by staying indoors or seeking cellars and shelters 
(rough estimates).

Taking into account the availability o f cellars and shelters and the high 
shielding factors the most appropriate protection in the first hours after an accident 
is to stay in cellars or shelters. Evacuation at this time would be dangerous. After 
the radioactive cloud has passed, the monitoring teams of the emergency organiza
tion will measure the levels of ground contamination. In serious cases evacuation 
at a later time — say 2 days — from heavily affected areas might be necessary.

4.9. Information o f the population

The fast alarm system and the emergency organization only have a chance 
to succeed if the population knows how to react. Therefore the population living 
in zones I and II has received an informative brochure and a leaflet. The leaflet 
shows the siren signals and their meanings. This leaflet will also be printed in 
all telephone directories (Fig. 9).

5. AGREEMENT WITH THE FEDERAL REPUBLIC OF GERMANY

Two of the Swiss nuclear power plant sites are situated near the German 
border. Therefore an agreement was signed between the two governments. In 
this agreement the governments have agreed to operate monitoring centres and
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Alarm ierung der Bevólkerung in Friedenszeiien 
A la rm e de la population en tem ps de paix 
A lia rm e per la popolazione in tem po di pace

S irenenzeichen  und ihre Bedeutung Verhalten
S ig naux  par sirènes et leur s ign ification  Com portem ent
S egna li d ’a llarm e con sirene e loro s ign ificato  Com portam ento

Allgem einer Alarm 
Alarme générale 
Aliarme generate

ШЛЛЛАЛЛПЛЛЛЛЛ
An» und abschwellender Heulton von 1 Minute 
A nkündigung  von Verhaltensanweisungen

Son osc illant continu durant 1 m inute
Annonce  la d iffus ion  d ’instructions sur le com portem ent

U lu lo  m odula to  délia durata di 1 m inuto 
A nn u nc io  che saranno d iffuse istruzion i di com porta
mento

Radio horen 
Eouter la radio 
Ascoltare la radio

Anweisungen der Behorden befolgen, die über Radio, Telefon- 
rundspruch oder durch weitere Inform ationsm itte l verbreitet werden. 
Nachbarn inform ieren.

Se conform er aux directives des autorités diffusées par radio, télé
diffusion ou par d ’autres moyen d ’inform ation. Inform er les vo is ins.

A ttenersi aile istruzion i delle autorità  d iffuse per radio, te lediffusione 
o con a ltrl mez2 i d ’inform azione. Inform are i v icini.

Strahlenalarm 
Alarm e radioactivité 
Aliarm e radioattività

MA ЛЛА M A...
Unterbrochener an- und abschwellender Heulton von 
2 Minuten
Gefâhrdung steht unm itte lbar bevor

Séquences de sons oscillants durant 2 m inutes 
Danger im m inent

Sequenze di u lu li m odulati délia durata di 2 m inuti 
Pericolo imminente

Schutz suchen 
Se mettre à l’abri 
Cercare riparo

Türen und Fenster schliessen. Sofort nachstgelegenen Schutzraum  
oder Keller aufsuchen. T ransis to rrad io  mitnehmen und weilere A n 
weisungen befolgen.

fe rm e r portes et fenêtres. Gagner immédiatem ent l’abri ou la cave 
la plus proche. Emporter un tra ns is to r et suivre les ins truc tion s  qui 
y seront données.

Chiudere porte e finestre . Raggiungere immediatam ente il rifuQio o 
scantinato più vicino. Portare con sè la radio a tra ns is to ri ed osser- 
vare le istruzion i d iffuse ulteriorm ente.

Wasseraiarm 
Alarme eau 
Aliarme acqua

Gefahrdetes Gebiet verlassen 
Quitter la zone dangereuse 
Abbandonare la zona pericolosa

Unterbrochener tie fer Ton von 6 Minuten 
ü be rflu tu ng sg efa hr in der Nahzone der Talsperre

Séquences de sons graves durant 6 m inutes
Danger d ’ inondation dans la zone rapprochée des bar*
rages

Sequenze d i suoni gravi délia durata di 6 m inuti 
P erico lo  d’ inondazlone neila zona vicina agli sbarram enti

Überflutungsgefâhrdetes Gebiet so fo rt verlassen und die ortlichen 
M erkblàtter oder A nw eisungen beachten.

Q uitter im m édiatem ent la zone menacée d ’inondation et se conform er 
aux instructions ou prescriptions locales.

Abbandonare immediatam ente la zona minacciata d ’inondazione e 
attenersi aile com unicazioni o istruzion i locali im partite.

Ende der Gefahr: 
Fin du danger: 
Fine del pericolo :

Bekanntgabe über Radio 
Annonce par radio 
Annunciata per radio

FIG.9. Leaflet which is now  being printed in all new telephone directories.
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to inform each other about radiation accidents which could also affect the 
neighbouring state [12].

Further discussions are going on in order to match the emergency planning 
concepts on both sides of the border.

ACKNOWLEDGEMENTS

The authors wish to express their gratitude to all those who have supported 
the idea o f the new emergency planning concept. In particular they would like 
to thank Prof. Dr. O. Huber, head o f the emergency organization, and his staff 
for their untiring help.

REFERENCES

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Planning for Off-Site Response to 
Radiation Accidents in Nuclear Facilities, IAEA-TECDOC-225, Vienna (1979).

[2] BRUNNER, H., WINIGER, P., “ The Swiss emergency organization for nuclear and 
chemical accidents” , Handling of Radiation Accidents 1977 (Proc. Symp. Vienna, 1977), 
IAEA, Vienna (1977) 291.

[3] U.S. NUCLEAR REGULATORY COMMISSION, R eactor Safety Study: An Assessment 
o f A ccident Risks in U.S. Commercial Nuclear Power Plants, WASH-1400 (NUREG 75/014) 
(1975).

[4] BABOCSAY, L., CHAKRABORTY, S., JESCH KI,W ., PRETRE, S., “ A fast alarm 
system to optim ize the  p ro tec tion  o f the public in the vicinity o f a nuclear power p lan t” , 
Handling o f Radiation Accidents 1977 (Proc. Symp. Vienna, 1977), IAEA, Vienna 
(1977) 315.

[5] U.S. ENVIRONMENTAL PROTECTION AGENCY, AIREM Program Manual: A 
C om puter Code for Calculating Doses, Population Doses, and Ground Depositions due 
to  A tm ospheric Emissions o f Radionuclides, EPA-52 0 /1-74-004 (1974).

[6] ZURKINDEN, A., Das Rechenprogram m  CHRONEX, Internal R eport ASK-AN-689, 
Nuclear Safety Division, Switzerland (1978).

[7] EIDG. AMT FÜ R ENERGIEW IRTSCHAFT, Notfallplanung für die Umgebung von 
K em kraftw erken (U.S. NRC Translation 375: Emergency Planning for the V icinity of 
Nuclear Power Plants, Federal Office o f Energy, Alarm Com m ittee o f the Federal 
Commission fo r the  Control o f R adioactivity, Switzerland) (May 1977).

[8 ] GESUNDHEITSDEPARTEM ENT DES KANTONS AARGAU, K onzept fu r den Schütz 
der Bevôlkerung bei einem K ernkraftw erkunfall (U.S. NRC Translation 639: Plan for 
the  P rotection  o f the  Population in Event o f a Nuclear Power Plant A ccident, Governm ent 
Council o f the C anton Aargau, Switzerland) (July 1979).

[9] KOMMISSION FU R  KATASTROPHEN- UND KRIEGSVORSORGE DES KANTONS 
SOLOTHURN, K onzept für die bei Reaktorunfàllen zu treffenden Massnahmen (U.S.
NRC Translation 530: C oncept Paper for Measures to  be Taken in Cases o f R eactor 
Accidents, Solothurn Canton, Switzerland) (February 1978).



[10] ABTEILUNG FÜ R DIE SICHERHEIT DER KERNANLAGEN, Technische R ichtlinien 
für die Alarmsirenen des Alarmsystems in der Umgebung der K em kraftw erke, Richtlinie 
R-20, Switzerland (O ctober 1979).

[11] DIVISION POUR LA SECURITE DES INSTALLATIONS NUCLEAIRES, Instructions 
concernant la planification et la réalisation du réseau des sirènes dans la zone 2 pour le 
systèm e d’alarme aux environs des centrales nucléaires, Directive R-19, Suisse (O ctober 
1979).

[12] Vereinbarung zwischen dem Schweizerischen Bundesrat und der Regierung der Bundes- 
republik Deutschland über den radiologischen Notfallschutz, Bonn (May 1978).

398 PRETRE et al.



IAEA-CN-39/8.4

PANEL

In te rn a tio n a l Emergency Assistance

Chairman:

J.H. Jennekens (Canada)

Panel Members: 

D. Beninson 
W. Binner 
W.H. Arnold 
B. Lindell 
M. Nozawa 
Eun-Rae Roh

(Argentina)
(Austria)
(United States of America)
(Sweden)
(Japan)
(Republic of Korea)

INTRODUCTION

In addition to the comprehensive safety measures in a nuclear power 
plant, emergency plans are established by the operating organizations. These 
are designed to cope with a wide range of emergency situations, including those 
with a low probability o f occurrence. The responsible authorities must also 
have plans to mitigate the off-site consequences o f such emergencies.

The objectives o f the panel were to identify the range o f situations on 
which emergency plans should be based, the resources necessary during the 
various phases o f emergencies, and the responsibilities o f the operating 
organizations and competent authorities. Possible assistance by national and 
international experts or teams of experts, as well as the role o f international 
organizations, would also be discussed. Coping with trans-boundary 
consequences of nuclear emergencies and the relationships between countries 
concerned would be a special topic for discussion.

DISCUSSION

Panel members were in agreement that there is a real need for emergency 
planning for accidents which go beyond the design basis accident and would 
have serious consequences off-site. Although the need for emergency planning 
for the design basis accident is less obvious, since it would probably entail only 
low radioactive releases and limited environmental contamination, such 
planning was also considered to be inadequate currently.
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The primary objective o f any emergency plan should be the establishment 
of the automatic actions which must be taken immediately after an emergency 
has been declared. Thus, before the result o f any measurements or calculations 
is available, there must be an identification o f communication channels between 
the parties involved, and the assignment of responsibilities for further actions 
to be taken. The plans for dealing with nuclear emergencies should be based on 
a variety o f potential occurrences and sequences of occurrences, and not on a 
single worst case. Sufficient flexibility should be retained to enable the plans 
to be adapted to any situation which may develop. For practical reasons, 
events o f extremely low probability may be neglected without compromising the 
approach outlined.

The time frames for responding to a serious emergency situation, and the 
responsibilities o f  various groups, might be as follows:

Within the first few hours, response by the operating organization and 
public authorities is automatic, and the off-site situation is assessed.

In the next few days, continuation o f monitoring by the operating 
organization and by the competent authorities leads to more detailed 
assessment o f the off-site situation; suitable remedial action can be 
undertaken.

In the next few days to several weeks, remedial action by the operating 
organization and by the competent authorities continues, and the response 
is refined; consideration can then be given to the need for international 
assistance.

In subsequent weeks, recovery operations may need to continue and 
long-term remedial actions may be necessary with international assistance 
if appropriate.

During the first phases o f an accident, sufficient qualified manpower, as 
well as the equipment required to cope with the consequences o f nuclear 
emergencies, should be available within the country of concern. It is not 
practical to count on international assistance, considering the time frames, 
communication facilities, and means of transportation. The plant operator 
should have the capability to take the actions needed to shut down the reactor. 
The responsibility and capability for the response off-site must rest with the 
competent authorities (local, regional, national), with assistance from the 
operating organization for immediate response and further close co-operation. 
Only if these requirements are met henceforth, can nuclear power plants be 
operated safely and given operating licences.

From the health physics point of view, the objective of countermeasures 
in nuclear emergencies should be to reduce the individual stochastic and 
non-stochastic effects, and to reduce the collective dose (or detriment, as it is
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sometimes called). Adequate immediate measures to prevent external 
exposure from radioactive clouds are recommendations to stay indoors, to 
close windows, and to turn on a radio for further instructions. The capability 
for rapid activation of mobile measuring systems and communications to 
relay the results to the operator and competent authorities is required. One 
panel member mentioned plans to include the distribution of iodine tablets 
for blocking the thyroid, since the risk of side-effects from these tablets is 
acceptably low. (One out of 1000 persons might be affected, mostly by allergic 
skin reactions.)

During the early phases o f  an accident, outside assistance is only available 
from experts within the country. Immediate help by international teams is 
not possible. However, having too many experts can be as great a problem as 
not having enough, so the minimum number needed to do specific tasks should 
be identified. Plans should be established ahead of time to obtain necessary 
resources from nuclear steam system suppliers and architect engineers. These 
resources would include, for example, provision for technical support, equipment, 
and groups of experts to provide assistance in the case of accidents, advice on 
problems arising in the plant, and assistance in recovery operations. It was 
generally considered advisable to have standing communication lines always 
available between supplier and operator in order to facilitate advisory services, 
to utilize computing facilities, and to enable experts to be reached quickly in 
emergencies. Assistance by environmental monitoring teams and analytical 
laboratory teams may also be necessary.

Assistance from other countries and international organizations following 
an accident seems to be possible only at the later stages. It could be used to 
provide special medical treatment in the case o f radiation injuries or to provide 
additional expertise and equipment not available in the country. It is unlikely 
that decontamination o f large land areas would be necessary. This would not 
form part of the immediate emergency response, as there would be time for 
thorough planning before any action would have to be initiated. Since some 
nuclides are difficult to remove, some scepticism was expressed regarding the 
possibility o f  decontaminating large land areas, other than urban areas.

Thus the opportunities for international co-operation are restricted to the 
planning phase of emergencies, including manpower training and exchange of 
specialists, and to assistance in the later phases of actual emergencies, e.g. 
recovery operations, where requested.

The role o f the IAEA in emergency planning should be to provide guidance 
for planning, and consultants to assist Member States in reviewing their 
emergency plans to ensure that they are valid, realistic, and comprehensive. It 
might also be advisable for the IAEA to determine what information should 
be exchanged on a timely basis between countries affected by nuclear facilities 
close to a frontier. At such facilities, emergencies may have trans-boundary



402 PANEL

impacts and consequences. Thus a prerequisite for effective emergency planning 
is that sufficient information be exchanged so that the potentially affected 
neighbouring country can establish its own emergency plans. Redundant 
communication systems should be available and persons to be contacted should 
be identified to ensure rapid and accurate communication in case of emergencies. 
The people involved in the information exchange on both sides of the border 
should know each other personally, so that any formal obstacles to a prompt 
and free exchange of information can be eliminated in advance. At present 
many bilateral agreements exist, but their effectiveness is uncertain in case of 
emergency. In some instances, official agreements might be a necessary 
prerequisite to establishment o f close contacts between the people on the 
working level. Contacts o f this type would be used in emergencies only, and 
would not be involved in construction of a nuclear power plant, routine safety 
assessments, the licensing process, or measurements and controls exercised 
by the plant operator. It might be advisable for the IAEA to determine what 
information should be exchanged on a timely basis between countries affected 
by nuclear facilities close to a frontier.

SUMMARY

Consensus reached in the discussion was that:

The plant operator must have the capability for immediate actions and 
safe shutdown of the nuclear power plant in case of an emergency.

Public authorities should have the capability o f taking rapid action to 
meet an emergency situation that extends beyond the plant site. In these 
situations resources must be made available to the utility immediately 
after the emergency occurs.

In the later phases of an accident, outside assistance could be useful 
and valuable.

The role of the IAEA could be to assist Member States in planning, and 
in reviewing whether their plans are realistic and comprehensive. Where 
trans-boundary consequences are possible, communication channels 
should be established in advance, to ensure effective information exchange 
in case o f an accident.
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Abstract

THE NUCLEAR POWER SAFETY PROGRAMME OF THE INTERNATIONAL ATOMIC 
ENERGY AGENCY.

The role o f the  International A tom ic Energy Agency in the field o f nuclear pow er safety 
is growing. In the  period since the  Three Mile Island accident, a significant expansion in its 
nuclear safety program m e has taken place. To assure an acceptable safety level world-wide, 
new emphasis is being placed on the  m ajor e ffo rt to establish and foster the  use o f a com pre
hensive set o f internationally  agreed safety standards for nuclear pow er plants. New initiatives 
are in progress to  intensify in ternational co-operative safety efforts through the  exchange of 
inform ation on safety-related operating occurrences, and through a m ore open sharing of 
safety research results. Emergency accident assistance lends itself to  in ternational co-operation 
and steps are being taken to  establish an emergency assistance program m e so the  Agency can aid 
in co-ordinating a tim ely response to  provide, at short notice, help and advice in case o f a 
nuclear pow er accident. There has been some strengthening o f those advisory services which 
involve missions o f in ternational experts prim arily to countries w ith less developed nuclear 
pow er program m es, and in  conjunction w ith  the  Technical Assistance Program me there is a 
co-ordinated program m e fo r developing countries, involving safety training courses and 
assistance aimed at prom oting an effective national regulatory program m e in all countries using 
nuclear power. This paper discusses the  m ajor features of the  IAEA activities in nuclear pow er 
p lant safety. An understanding of the program m e and its lim itations is essential to  its m ore 
effective use. A dditional initiatives m ay still be proposed, bu t the  possibilities for international 
and regional co-operation to  assure an adequate level o f safety world-wide already exist.

BACKGROUND

Twenty-three years ago the International Atomic Energy 
Agency was created to enlarge the contribution of atomic 
energy to peace, health and prosperity throughout the world - 
this goal to be achieved through international co-operative 
efforts to foster the exchange of information, to encourage 
training and to establish standards of safety. In carrying 
out this mandate, the Agency was directed to allocate its 
resources worldwide, bearing in mind the special needs of the 
underdeveloped areas.
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TABLE 1. REACTOR UNITS AND NUCLEAR ELECTRIC CAPACITY (MW(e)) 
IN DEVELOPING COUNTRIES

Country Operating Planned for
in 1979 Operation in 1985

Argentina l( 345) 2 ( 945)

Bulgaria 3( 1260) 4( 1680)

Brazil - 3( 3115)

Czechoslovakia 2 ( 490) 5 ( 1970)

Cuba - 2 ( 880)

Hungary - 3( 1225)

India 3( 600) 8( 1690)

Korea, Rep. of 1( 560) 4( 2700)

Mexico - 2 ( 1310)

Philippines - l( 620)

Pakistan 1( 125) к 125)

Poland - к 410)

Romania - к 440)

Taiwan К 600) 5 ( 4000)

Turkey - и 620)

Yugoslavia 1( 630)

Developing Country 
Total 12 ( 3980) 44( 22360)

World Total 235(11000) 400(300000)*

*Low INFCE projection
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The .IAEA nuclear power safety activities are still based 
on these original objectives. The principal programmes are 
directed towards the dissemination of information through 
meetings and publications, the provision of safety advice and 
training through advisory services and by means of a Technical 
Assistance Programme for developing countries, and the develop
ment of internationally agreed safety standards for nuclear 
power plants. Its broad membership allows its efforts to be 
directed worldwide. By 1990, there will be over 500 nuclear 
plants operating in 35 countries. Of these, almost 90 units 
will be in 17 countries that are presently considered industri
ally less developed (see Table 1). Other developing countries 
are also actively considering nuclear power in their energy 
options. Development and introduction of nuclear power 
requires technical expertise and trained personnel and thus, 
developing countries will remain significant users of the IAEA.

The Agency safety activities have grown through the years, 
undergoing a major expansion in late 1974 with the establishment 
of the Nuclear Safety Standards Programme, and another during 
the past year prompted in part by the Three Mile Island accident. 
As with any programme involving interfacing efforts, it is 
difficult to state precisely the allocation of manpower and 
funds to the specific area of nuclear power plant safety.
However, in the Division of Nuclear Safety and Environmental 
Protection, 12 professional staff members are assigned 
essentially full-time to this activity with a programme budget 
of almost two million US dollars. This effort is assisted by 
other Agency staff including those involved with radiological 
safety duties and with relevant Technical Assistance Programme 
activities, but it is indispensably supported by nations who 
supply cost free technical experts to participate in the 
numerous working groups and committee meetings.

THE AGENCY PROGRAMME

The IAEA since its inception has been active in the 
radiological safety and waste management aspects of nuclear 
energy. Although not discussed below, these programmes have 
developed standards, publications, and training activities 
which are relevant to nuclear power safety. Also underway is 
a limited risk assessment research activity to assess and 
compare the societal and environmental risks associated with 
various energy systems and to consider methods for evaluating 
the cost-effectiveness of risk reduction measures.
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The specific nuclear power safety programmes are:

Nuclear Safety Standards -

The NUSS programme (the letters being an acronym for 
Nuclear JSafety Standards) to establish internationally 
accepted safety codes and guides for nuclear power 
plants dealing with governmental regulatory organiza
tions, siting, design, operation and quality assurance.

Advisory Services -

The dispatch of short-term safety missions of Agency 
and recruited experts to advise on legal and 
regulatory requirements and on the many safety 
aspects of nuclear power plants from siting through 
operation.

Exchange of Information and Training -

Meetings on topics such as siting, safety research, 
operational safety occurrences, and training courses, 
seminars, and publications dealing with general as 
well as specific technical aspects of nuclear power 
safety and regulation.

Emergency Accident Assistance -

Establishment of procedures for ensuring that in the 
event of a nuclear power plant accident, special 
resources (people, equipment, and services) which 
might be needed to assist in managing the emergency 
are available with minimal delay.

Technical Assistance -

As part of the Technical Assistance Programme for 
developing countries, the supply on request of short 
and long-term experts in the various nuclear power 
safety fields, as well as fellowships, scientific 
visits and equipment.

Nuclear Safety Standards (NUSS)

The NUSS programme, a relatively recent activity initiated 
in late 1974, is more than half complete. Upon completion of 
its principal phase in about 2 years, it will have produced 5 
Codes of Practice which establish the objectives and minimum 
requirements necessary to assure adequate nuclear power plant 
safety, and some 50 Safety Guides which describe methods of

Text continued on p .415
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TABLE 2. NUSS PROGRAMME TITLES

Safety Series 
No.

Title Publication date 
of English version

1. Governmental organization

Governmental organization for the 
regulation o f nuclear power plants

Code o f  Practice

50-C-G

Safety Guides

50-SG-G1 Qualifications and training o f staff
of the regulatory body for nuclear 
power plants

50-SG-G2 Information to be submitted in
support o f licensing applications 
for nuclear power plants

50-SG-G3 Conduct o f regulatory review and
assessment during the licensing 
process for nuclear power plants

50-SG-G4 Inspection and enforcement by the
regulatory body for nuclear power 
plants

50-SG-G6 Preparedness o f public authorities for
emergencies at nuclear power plants

50-SG-G8 Licences for nuclear power plants:
content, format and legal considera
tions

50-SG-G9 Establishment o f  regulations and
guides by the regulatory body for 
nuclear power plants, and their 
purpose

Published 1978

Published 1979

Published 1979

Published 1980

Published 1980
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Safety Series Title Publication date
No. of English version

2. Siting

Code o f  Practice

50-C-S Safety in nuclear power plant siting Published 1978

Safety Guides

50-SG-S1 Earthquakes and associated topics
in relation to nuclear power plant 
siting

50-SG-S2 Seismic analysis and testing o f
nuclear power plants

50-SG-S3 Atmospheric dispersion in
nuclear power plant siting

50-SG-S4 Site selection and evaluation for
nuclear power plants with respect 
to population distribution

50-SG-S5 External man-induced events in
relation to nuclear power plant 
siting

50-SG-S6 Hydrological dispersion o f radioactive
material in relation to nuclear power 
plant siting

50-SG-S7 Nuclear power plant siting:
hydrogeological aspects

50-SG-S9 Site survey for nuclear power plants

50-SG-S1 OA Design basis flood for nuclear
power plants on river sites

Published 1979

Published 1979

Published 1980

Published 1980

50-SG-S10B Design basis flood for nuclear
power plants on coastal sites
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Safety Series
No.

Title Publication date
of English version

Safety Guides (cont.)

50-SG-S11A Extreme meteorological events in
nuclear power plant siting, 
excluding tropical cyclones

50-SG-S11В Design basis tropical cyclone
for nuclear power plants

50-SG-S12 Radiological protection aspects o f
nuclear power plant siting

3. Design

Design for safety o f nuclear power Published 1978 
plants

Code o f  Practice

50-C-D

Safety Guides

50-SG-D1 Safety functions and component Published 1979
classification for BWR, PWR 
and PTR

50-SG-D2 Fire protection in nuclear power Published 1979
plants

50-SG-D3 Protection system and related Published 1980
features in nuclear power plants

50-SG-D4 Protection against internally Published 1980
generated missiles and their 
secondary effects in nuclear 
power plants

50-SG-D5 Man-induced events in relation to
nuclear power plant design

50-SG-D6 Ultimate heat sink and directly 
associated heat transport systems for 
nuclear power plants
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Safety Series
No.

Title Publication date
o f English version

Safety Guides (cont.) 

50-SG-D7 Emergency power systems at 
nuclear power plants

50-SG-D8 Instrumentation and control of
nuclear power plants

50-SG-D9 Design aspects o f  radiological
protection for nuclear power 
plants

50-SG-D10 Fuel handling and storage systems
in nuclear power plants

50-SG-D11 General design safety principles
for nuclear power plants

50-SG-D12 Design o f the reactor containment
system in nuclear power plants

50-SG-D13 Reactor cooling systems in
nuclear power plants

50-SG-D14 Design for reactor core safety
in nuclear power plants

4. Operation

Code o f  Practice

50-C-0 Safety in nuclear power plant Published 1978
operation, including commissioning 
and decommissioning

Safety Guides

50-SG-01 Staffing o f nuclear power plants Published 1979
and recruitment, training and 
authorization o f operating personnel
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Safety Series
No.

Title Publication date
o f English version

Published 1980

Published 1979

Published 1980

Safety Guides (cont.)

50-SG-02 In-service inspection for nuclear
power plants

50-SG-03 Operational limits and conditions
for nuclear power plants

50-SG-04 Commissioning procedures for
nuclear power plants

50-SG-05 Radiological protection during
operation of nuclear power plants

50-SG-06 Preparedness o f  the operating
organization for emergencies at 
nuclear power plants

50-SG-07 Maintenance o f nuclear power plants

50-SG-08 Surveillance of items important to
safety in nuclear power plants

50-SG-09 Management of nuclear power
plants for safe operation

50-SG-010 Core management, fuel handling
and associated services for 
nuclear power plants

50-SG-011 Operational management of
radioactive effluents and wastes 
arising in nuclear power plants

5. Quality assurance

Code o f  Practice

50-C-QA Quality assurance for safety Published 1978
in nuclear power plants
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Safety Series Title
No.

Publication date
of English version

Safety Guides 

50-SG-QA1

50-SG-QA2

50-SG-QA3

50-SG-QA4

50-SG-QA5

50-SG-QA6

50-SG-QA7

50-SG-QA8

50-SG-QA10

50-SG-QA11

Preparation o f the quality assurance 
programme for nuclear power plants

Quality assurance records system for Published 1979 
nuclear power plants

Quality assurance in the procurement Published 1979 
o f items and services for nuclear 
power plants

Quality assurance during site 
construction of nuclear power plants

Quality assurance during operation of 
nuclear power plants

Quality assurance in the design of 
nuclear power plants

Quality assurance organization for 
nuclear power plants

Quality assurance in the manufacture 
of items for nuclear power plants

Quality assurance auditing for Published 1980
nuclear power plants

Quality assurance in the procurement, 
design and manufacture of nuclear 
fuel assemblies
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implementing specific parts of these Codes (see Table 2 and 
Reference 1).

This major technical undertaking, covering in detail the 
areas of governmental regulatory organization, siting, design, 
operation and quality assurance, has involved numerous technical 
experts from the international nuclear community. The Senior 
Advisory Group which supervises the development of the programme 
is composed of senior safety experts from developed and develo
ping countries and observers from international organizations 
(currently Argentina, Canada, Czechoslovakia, France, Federal 
Republic of Germany, India, Japan, Mexico, Sweden, Switzerland, 
Union of Soviet Socialist Republics, United Kingdom, United 
States of America; and CEC, CMEA, ISO, NEA, WHO).

The Codes and Guides are based on information supplied by 
nations with nuclear power plant experience. A draft document 
prepared by technical experts is reviewed and revised by both 
a specialized Technical Review Committee and the Senior Advisory 
Group, and the process iterates until consensus is reached.
During the development every Member State of the Agency is also 
given an opportunity to comment on the document. While this 
process requires about three years for the production of a final 
document, it ensures the international acceptability of the 
product. In the six years of this programme the 5 Codes of 
Practice and 17 Safety Guides have been published. In addition, 
20 of the remaining Safety Guides originally planned are in 
various stages of pre-publication. It is estimated that 250 
technical committee meetings (each averaging 8 experts for one 
week) will have been required to complete the set of documents - 
each set containing about 2200 printed pages and available in 
English or in a completely translated French, Russian or Spanish 
version.

What has been accomplished is not only a setting down of 
specific requirements but also a technical consensus by all the 
developers, exporters and users of nuclear power. A common 
understanding of the principal human and technical factors 
necessary for safety has been reached. Agreement, not only on 
the necessity and the requirements for a nuclear regulatory 
organization to properly conduct a nuclear power programme, but 
also on items such as the specific information and investigations 
required for safe plant siting, and specific design guidance to 
enable a systematic approach to safe design of all principal 
plant components and structures. These standards however are not 
industrial codes such as those of the American Society of 
Mechanical Engineers (ASME) or the Deutsches Institut für 
Normung (DIN) in which minutely detailed procedures are given 
on how to carry out design requirements.
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TABLE 3. EXAMPLES OF NUCLEAR POWER PLANT PURCHASES

Purchaser Supplier Reactor type*

Argentina Canada, Federal 
Republic of Germany

HWR

Brazil Federal Republic of 
Germany, United States

PWR

Finland Sweden, USSR BWR, PWR

India Canada, India, United 
States

BWR, HWR

Republic of Korea Canada, United States HWR, PWR

Spain Federal Republic of 
Germany, France, 
United States

PWR, GCR, BWR

* BWR = boiling-water reactor 
GCR = gas-cooled reactor 
HWR = heavy-water reactor 
PWR = pressurized-water reactor

The potential significance of the NUSS standards for 
domestic nuclear power development and international commerce 
can be seen by considering the safety standards that currently 
exist in supplier countries. These nations have significantly 
different numbers of written and codified standards. This is 
somewhat related to the structure of the electric utility 
industry in the various countries. Those with many utilities, 
such as the United States and the Federal Republic of Germany, 
have significantly more written requirements than do the 
essentially single-utility countries, such as the United Kingdom 
and France. There are obvious potential difficulties with plants 
supplied by exporting countries having fewer standards. The 
problem can be further complicated when purchases are made from 
more than one supplier country and are of different reactor types, 
a situation that is becoming more common as the availability of 
financing for these high-capital-cost projects becomes the 
determining factor in choosing the supplier. Table 3 gives 
examples of the various combinations of supplier and reactor 
types for existing and future nuclear facilities of some countries.
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Although there are no plans for formalizing the acceptance 
of the NUSS standards, the IAEA is now making an active effort 
to encourage their use. Training courses and seminars are being 
organized to promote them as the basis for preparing relevant 
national regulations, for the domestic development of nuclear 
industries and for use in international commerce. The Agency 
is arranging visits to its Member States of special missions of 
experts directly involved in the preparation of these documents. 
Such missions involving discussions with regulatory, utility and 
other appropriate personnel should be particularly useful to 
countries in the early stages of nuclear power programmes. 
Fourteen countries have already requested missions and 5 visits 
are to be completed by year end.

Some noteworthy use of the NUSS documents has already been 
made. A recently purchased nuclear plant for Argentina will be 
obliged to meet the requirements of these Codes and Guides.
A Spanish utility has examined the NUSS documents and is using 
them to assure that their supplier is following internationally 
agreed standards. Turkey and Yugoslavia are incorporating 
major sections into their regulatory laws, while in Italy, the 
regulatory body is adopting several of the quality assurance 
guides.

The extensive international effort which produced the NUSS 
documents has provided a sound basis for guidance on nuclear 
power plant safety. Their worldwide acceptance and utilization 
can be an important step in assuring that countries, whether 
with advanced or developing nuclear power programmes, have an 
adequate degree of safety.

Advisory Services

At the onset, the Agency recognized the importance of 
assistance through advisory services, principally in the form 
of missions by safety experts. Initially missions advised on 
the siting and safety of research reactors, but emphasis is 
now given to assistng regulatory authorities of developing 
countries with their nuclear power programme responsibilities.

Safety missions have involved about 5 experts holding 
discussions for several weeks in a requesting country with the 
regulatory body, utility and the supplier. They are composed 
of at least one Agency staff member with the remaining experts 
recruited for each specific assignment. Developing countries 
have found it useful to have advice based on the varied ex
periences and practices of many countries - impartial advice 
which may not be otherwise available. At the completion of
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the mission its members produce a report which is presented 
to the national regulatory body. With the few people involved 
and the short period of time available the work cannot 
be carried out in great detail. But these missions do high
light important safety issues and have identified significant 
problem areas. Mission members give advice in an individual 
capacity and the Agency has no further commitment or authority. 
Additional assistance can be provided by follow-up missions, 
by making available specific experts for a few months, and by 
arranging for safety experts to be sent for periods of one or 
more years.

The Agency does have statutory safety responsibilities for 
those projects where it provides assistance. Spelled out in a 
Project Agreement, this assistance usually covers the transfer 
of nuclear fuel or components from a supplier country to a 
receiver country with the Agency acting, in principle, as an 
intermediary for the transfer. Although primarily used in 
relation to research reactors supplied to developing countries, 
there are currently Project Agreements for the power reactors 
under construction in Mexico and Yugoslavia. In these two 
cases the Agency has the right to require observance and to 
verify compliance with applicable safety standards, and to 
call for corrective action where necessary. A practical 
approach has been developed and followed by the Agency over 
the years with respect to implementation of its requirements 
under Project Agreements. Safety missions, in preference to 
safety inspections, have been used to emphasize the Agency's 
basic interest in providing safety advice to its Member States. 
The Agency can not assume safety responsibility, and is not a 
substitute for an effective national regulatory authority.

About 6 safety missions are currently performed each year 
(only by request and at no expense to developing countries). 
This year there have been missions to Egypt and Morocco for 
siting assistance, and to Brazil, Spain and Yugoslavia con
cerning nuclear power plants under construction. Since 1960, 
the Agency has performed 65 nuclear power plant missions.
Table h contains a list of countries which have received 
various types of safety missions since 1975.

As a consequence of the commitment to the use of nuclear 
power by many developing countries, the number of requests for 
safety missions may increase. A question related to the 
frequency and nature of Agency advice and assistance can be 
raised. Should there be more regular or periodic reviews with 
non-binding recommendations to advise on the effectiveness of 
national regulatory organizations and the safety of nuclear 
power facilities?
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Exchange of Information and Training

Since work in one country may be relevant to other 
countries as well, international co-operation can make an 
indispensible contribution towards assuring nuclear safety.
The Agency has always been a forum for the exchange of 
technical information to pool the collective knowledge and 
experience of the international community. Conferences 
entirely or with significant portions related to nuclear power 
plant safety, sometimes co-sponsored with other international 
agencies, are held periodically and have drawn between 200 and 
600 participants. The conference in Stockholm on Current 
Nuclear Power Plant Safety Issues follows the Conferences on 
the Safety Aspects of Exported Nuclear Power Plants (March 1978 
Ref. 2), and on the Siting of Nuclear Facilities (December 1974 
Ref. 3).

After the Three Mile Island accident there was a call by 
several Governments for the IAEA to intensify its safety 
efforts, and to encourage international co-operation. In 
response, new initiatives are in progress to promote an ex
change of information on safety related operating occurrences, 
and a more open sharing of safety research efforts and results. 
Both of these areas are especially suited for international co
operation.

The existing Agency activities for the collection of 
operating information will be extended to include abnormal 
occurrences. A data bank will be established with information 
obtained from an annual questionnaire requesting reports on 
abnormal occurrences that are based on 7 categories of severity 
This information will be reviewed periodically to extract the 
most significant data and to determine lessons that can be 
learned from their analysis. At an annual meeting with 
regulatory, utility and supplier staff, findings will be 
discussed and recommendations prepared. The Nuclear Energy 
Agency in Paris is conducting a similar programme for members 
of that agency. The IAEA initiative is based on its broader 
membership which includes the socialist and developing 
countries, the latter needing access to safety-related 
operating experience. Close co-operation will exist with NEA 
and care will be taken to avoid duplicate work.

Similarly, in view of the broad membership of the IAEA, 
initiatives in the area of safety research have recently been 
taken to see if the Agency can be a focal point for the ex
change of safety research views between NEA member states and 
the socialist countries of the CMEA (Council for Mutual 
Economic Assistance). If this materializes, the IAEA effort
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TABLE 5. IAEA INTERREGIONAL SAFETY-RELATED TRAINING COURSES 
(1 9 7 8 -1 9 8 0 )

Course* Location Starting Date Duration
(weeks)

Safety. Analysis 
Review

Argonne (USA) Aug 1978 8

Quality
Assurance

Argonne (USA) Oct 1978 5

Siting for 
Nuclear Power 
Plants

Argonne (USA) Sept 1979 9

Quality
Assurance

Madrid (Spain)** Oct 1979 6

Safety and 
Reliability in 
Operation

Argonne (USA) Nov 1979 6

Safety Analysis 
Review

Karlsruhe 
(Fed. Rep. of 
Germany)

Nov 1979 4

Environmental 
Impact Assess
ment of Nuclear 
Power Plants

Argonne (USA) March 1980 6

Inspection of Argonne (USA) 
Nuclear Power 
Plant Construction

June 1980 9

Safety Analysis Karlsruhe 
(Fed. Rep. of 
Germany)

Sept 1980 6

Regulation of 
Nuclear Power 
Plants

Argonne (USA) Sept 1980 9

Quality
Assurance

Karlsruhe 
(Fed. Rep. of 
Germany)

Oct 1980 6

* About 30 participants per course.
** Conducted in Spanish.
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would concentrate on methods of achieving wider dissemination 
of available results and on the identification of areas of 
major interest for possible co-operative efforts.

Training has a role in any programme of information 
exchange, and the IAEA during the past several years has 
embarked through its Technical Assistance Programme on a 
large nuclear power training effort directed towards the 
planning, construction and operational needs of developing 
countries. This has included consideration of nuclear safety 
and regulation through several weeks of three month overview 
courses devoted to these subjects (Ref. 4). Attention is now 
being given to shorter courses that would expand on selected 
topics in the overview courses. Table 5 contains safety 
related training courses recently completed and those planned 
for 1981. In addition, one and two-week seminars and workshops 
which have been held during the past several years on legal and 
licensing aspects will continue (Greece (1974), Thailand (1975), 
Brazil (1977)), and the Agency is planning to conduct highly 
technical safety review courses of about one month duration in 
some developing countries. Such a five-week course, aimed in 
part at establishing a domestic Korean language training 
programme, was held in the Republic of Korea during the fall 
of 1979.

«

In the past four years, the 11 specialized safety related 
courses have been attended by almost 350 participants from over 
20 developing countries. The IAEA has recently compiled and 
published an international inventory of training facilities for 
nuclear power which contains a listing of the nuclear safety- 
related courses available at academic, government and private 
institutions (Ref. 5).

Emergency Accident Assistance

In the event of a serious nuclear power accident, an 
effective emergency planning and preparedness programme would 
be basic to the prevention of radioactive exposure. Efforts 
to develop these are now underway at national and regional 
levels, and at the IAEA.

The Agency has initiated the development of an emergency 
assistance programme to ensure that in the event of an accident, 
special resources in terms of people, equipment, and services 
needed to assist in the proper management of the emergency are 
identified and provided with minimal delay. Two meetings of 
emergency planning specialists have taken place within the 
past year to prepare a document which describes a Nuclear
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Accident Assistance Plan (NAAP) to supplement the already 
existing radiological assistance plan which has been in effect 
for many years. The latter plan,designed to deal with more 
simple radiation exposure and releases-,has had periodic 
exercises to test the communications and organizational aspects 
of the emergency response arrangements. Assistance has been given 
on two occasions for radiation incidents in Yugoslavia in 1958 
and in Spain in 1970. Regional seminars devoted primarily to 
radiation accidents are planned for 1981 in South-East Asia 
and for 1982 in South America.

For the nuclear power plant accident, in the early
accident stage of up to two days, there is no substitute for
national capability and locally available resources. However, 
in planning for later phases, international co-operation can 
play an important role. Countries will be encouraged to 
identify their needs and also to enter into mutual emergency 
assistance agreements where possible, an example being the 
Nordic Agreement between Denmark, Finland, Norway and Sweden.

The Agency NAAP programme is aimed at assisting in
developing and assessing emergency plans, establishing a 
check-list of special resources available internationally, 
and co-ordinating the supply of these resources in the event 
of an accident. Thought has been given to the creation of a 
roster of specialists who would be immediately available to be 
sent upon request to the scene of an accident, to participate 
in an investigation of the situation and to propose further 
assistance. The handbooks, "Planning for Off-Site Response to 
Radiation Accidents in Nuclear Facilities" (Ref. 6) and 
"Mutual Emergency Assistance for Radiation Accidents" (Ref. 7), 
will be complemented by publications dealing with the increased 
demands of a nuclear power plant accident.

Technical Assistance

The objective of the Technical Assistance Programme at 
the Agency is the transfer of skills and knowledge relating 
to the peaceful use of nuclear energy to developing countries.
This well-known programme has provided safety assistance through 
expert services as well as through fellowships for individual 
study, scientific visits, and equipment for research. Expert 
services are provided by international safety specialists 
recruited for short or long-term periods to advise on specific 
safety aspects of nuclear power programmes. The short-term 
experts are sent for periods of several weeks to several 
months, and the longer term resident experts have served as 
safety advisors to regulatory or electric utility organizations
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for periods exceeding one year. Table 4 also indicates the 
countries that have made use of these experts since 1975.

On average, the Agency has made the services of about 10 
safety experts available annually. Recently, long-term 
experts have been on assignment in Brazil, Korea, Mexico, 
Philippines, and Yugoslavia. The co-operation of advanced 
nuclear power countries is- needed in the recruitment of 
highly specialized experts from their domestic regulatory 
bodies or from other non-commercial as well as commercial 
organizations familiar with safety requirements and regulation. 
The Agency Member States have in varying degrees provided 
safety specialists not only for expert assignments, but also 
to participate in the NUSS programme, to serve on advisory 
missions, and to serve as experts on assignments in Vienna.
They also have hosted and provided lecturers for IAEA training 
courses. Much of this assistance is cost free, can involve 
considerable expense and add up to many man-years of effort 
each year. The added workload of national programmes during 
the past year has made it increasingly difficult to obtain 
the services of safety specialists. The burden is great, but 
it is imperative that highly trained and experienced specialists 
continue to be made available. The Agency efforts can not 
continue without this aid.

THE FUTURE

In the aftermath of the Three Mile Island accident the 
IAEA examined its work and the role it could play in assuring 
worldwide nuclear power plant safety. Its present programme 
is an initial response directed toward using the collective 
experience of the entire nuclear community to achieve high 
levels of safety, with attention given to the special needs 
of countries with less developed nuclear programmes.

Although there are stringent budget limitations, the 
basic elements for international co-operation and assistance 
now exist. What remains is the need for a recognition of 
the task ahead, and the programme planning and commitment of 
people that this involves.

An important aspect of the debate concerning the future 
of nuclear power involves the need to make nuclear energy 
acceptable to the public by demonstrating convincingly that 
those responsible for nuclear power are firmly committed to 
and capable of protecting the public safety. In this respect, 
an awareness of the services that the Agency can provide 
could show that the international community in a co-operative 
manner can take the necessary steps to promote the safe use 
of nuclear power.



IAEA-CN-39/9.1 425

REFERENCES

IANSITI, E., KONSTANTINOV, L., “ IAEA safety codes o f practice and safety guides for 
nuclear pow er plants” , IAEA Bulletin 20 5 (1978) 4 6 —55.
INTERNATIONAL ATOMIC ENERGY AGENCY, Problem s Associated w ith the Export 
o f Nuclear Pow er Plants, (Proc. Symp. Vienna, 1978), IAEA, V ienna (1978).
IAEA/NEA (OECD), Siting o f Nuclear Facilities (Proc. Symp. Vienna, 1974), IAEA,
Vienna (1974).
INTERNATIONAL ATOMIC ENERGY AGENCY, “ Nuclear pow er training courses” ,
IAEA Bulletin 19 2 (1977) 2 2 -3 0 .
In ternational Inventory o f Training Facilities in Nuclear Power and its Fuel Cycle 1978, 
IAEA TECDOC 217 (1979).
Planning fo r Off-site Response to  Radiation Accidents in  Nuclear Facilities, IAEA TECDOC 
225 (1979).
M utual Emergency Assistance for Radiation Accidents, IAEA WP/35 (1980).





PANEL

International Co-operation Possibilities

Prior to the panel discussion a number of presentations and statements 
were submitted by panel members. These are given in full in the following 
pages (Papers 9 .2a -e), before the panel discussion itself (Paper 9.2).
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CO-ORDINATION OF INTERNATIONAL SAFETY 
CO-OPERATION: THE NORDIC EXAMPLE

G. LINDH, M. GRILL 
Ministry of Industry, Stockholm,
Sweden

A. PALMGREN
Imatran Voima Oy, Helsinki,
Finland

A Statem ent

At present more than 200 nuclear power reactors have been put into 
operation in 23 countries. Some of these reactors are located close to national 
borders. Possible accidents in such nuclear plants may easily affect neighbouring 
countries, including such which may not operate nuclear plants themselves.
This necessitates intensified international co-operation regarding construction 
criteria as well as measures to limit the consequences of possible nuclear accidents, 
including transnational aspects. This can be done through an increased exchange 
o f research and information and through the introduction of common minimum 
design standards regarding health and safety. A basis for the establishment of 
such common rules exists already in the guidelines elaborated in the framework 
of the International Commission on Radiological Protection (ICRP) and the 
International Atomic Energy Agency (IAEA) Nuclear Safety Standards 
programme.

Within the Nordic countries Denmark, Finland, Norway and Sweden, with 
the participation of Iceland where relevant, co-operation in the nuclear field has 
existed for many years. It has aimed at creating, inter alia, a common approach 
to safety issues.

The development of the use of nuclear energy has differed considerably 
between the Nordic countries. It is o f great value for the nuclear-energy- 
producing countries Finland and Sweden to be able to draw on the expertise in 
many areas developed in Denmark and Nordway. At the same time operational 
data and knowledge have been supplied to the latter countries. This has 
contributed to maintaining a high level o f competence which is desirable from a 
research and energy policy point o f view, in spite of limited resources.

Sweden and to a certain extent also Finland differ from the other Nordic 
countries in that they have nuclear power plant and a component designing and 
manufacturing industry.
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Nordic co-operation in the nuclear energy field was formalized in 1957, 
when the Nordic Governments agreed to form the Nordic Liaison Committee 
for Atomic Energy (NKA). NKA has taken initiatives to expand co-operation 
through support of direct contacts, Nordic seminars etc. Perhaps the present 
most important programme o f NKA is the project co-operation for the period 
1977—80, which efficiently supplements the active information exchange 
between the Nordic organizations. NKA has also supported the creation o f the 
Nordic Co-ordination Committee for Atomic Energy (NAK), which has as its 
members representatives of the Nordic energy research institutes. One particular 
case of pooling of resources between these four institutes is the ‘Norhav’ project, 
where methods for accident analysis are developed. This has permitted the 
Nordic countries jointly to take an active part in important international ventures 
such as the US LOFT programme.

The direct responsibility for the safety of nuclear plants and their fuel 
cycle in the Nordic countries is with the power-producing companies. They have 
organized their own Nordic co-operation under the auspices of NORDEL. An 
exchange o f experience from the construction and operation o f nuclear power 
plants was initiated in 1974. This information exchange has resulted in similar 
approaches to safety issues with Finnish and Swedish reactors.

In connection with the construction of the first commercial nuclear power 
plant in Sweden, NKA took the initiative of proposing an expanded co-operation 
between the Nordic authorities in the nuclear safety field. This proposal resulted 
in an agreement on co-operation regarding reactor safety. The co-operation, 
which took the form of a Nordic working group on reactor safety (NARS) has 
the task of

(1) making recommendations regarding safety reports for nuclear power plants 
as concerns general principles and contents,- and

(2) developing safety criteria for nuclear plants to the extent possible under 
present circumstances.

NARS’ co-operation has included a thorough review of the information 
demanded by safety authorities for the analysis o f the safety o f individual 
reactors. Recommendations regarding the desirable amount and quality o f such 
material have been made to the Nordic authorities. NARS recommendations have 
also aroused interest outside the Nordic countries.

In the field o f environmental protection a convention was signed in 1972 
between Denmark, Finland, Norway and Sweden (the Nordic Environmental 
Protection Convention). The convention deals, inter alia, with different 
activities which can have an impact on the environment. The convention there
fore is also applicable to nuclear power plants and nuisances arising therefrom, 
such as ionizing radiation. The basic principle o f the convention is that when 
an authority is considering permission for an environmentally harmful activity,
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such as a nuclear power plant, the nuisances such activity may entail in a 
neighbouring country shall be considered as being equivalent to nuisances in the 
authority’s own country. If an authority examining the permissibility of 
environmentally harmful activities finds that the activities entail or may entail 
nuisance of significance in an neighbouring country, the examining authority 
shall, according to the provisions of the convention, inform a specially appointed 
supervisory authority in the neighbouring state. The supervisory authority 
shall be given the opportunity of presenting its views on the matter.

On the initiative of NARS, NKA proposed to the authorities o f the Nordic 
countries ways of securing mutual information regarding safety aspects on 
nuclear power plants constructed close to borders of another Nordic country.
This proposal resulted in a separate agreement in connection with the Nordic 
Environmental Protection Convention.

An agreement between the Nordic countries and the IAEA on mutual 
emergency assistance in connection with radiation accidents was concluded in 
1963. In short, the agreement contains provisions for mutual assistance with the 
support of the IAEA upon request from any of the Nordic countries in the event 
o f an accident involving damage from ionizing radiation.

In addition to the co-operation already mentioned, the Nordic reactor safety 
and radiation protection authorities have a long standing co-operation including, 
inter alia, information exchange and policy co-ordination.

An interesting example of Nordic co-operation in the nuclear safety field is 
a study o f the Barsebâck nuclear power station in Sweden being undertaken by 
a Swedish/Danish committee. This committee was formed after the accident at 
Three Mile Island and consists of representatives o f authorities in Denmark and 
Sweden. Their task is to study safety issues in connection with the Barsebâck 
power station and possible effects in Denmark o f an accident at that station.

The co-operation between the Nordic countries in the nuclear safety field 
has proved to be of great value for the individual countries. It has broadened 
nuclear knowledge in the individual countries and increased understanding of 
problems in the respective countries. It has contributed to harmonizing national 
approaches to reactor safety problems.

Considering this Nordic co-operation, it can be stated that a common 
approach of several countries to nuclear safety issues in relation to both 
construction and operation of nuclear power plants has considerable advantages. 
Expanded international co-operation regarding safety rules has not only technical 
advantages. It is also necessary in order to increase confidence in nuclear power 
in general.

As already mentioned, internationally accepted recommendations and 
guidelines exist in many areas in the reactor safety and radiation protection fields. 
The implementation of these recommendations and guidelines can vary 
considerably between countries. Great efforts should be made to ensure the 
implementation of these recommendations.
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Common international minimum Standards for radiation protection and 
nuclear safety are in the process of being elaborated. How these are to be 
transformed into legal rules has to be carefully analysed. It seems clear, however, 
that great efforts are necessary in order to examinee the possibilities o f introducing 
international agreements in the nuclear safety field. From the Nordic point of 
view it is hoped that discussions at this conference will actively promote such 
efforts aimed at the internationalization o f nuclear safety standards. The co
operation that has emerged between the Nordic countries in the fields of 
environmental protection and nuclear safety could be of interest in this context.
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A  Statem ent

We have come here to discuss the possibilities for international co-operation 
in nuclear safety. We should begin our debate by asking ourselves these three 
questions:

Why is it in the interest o f all countries to share their experience in
nuclear safety?

How can countries most profitably interact to achieve this objective?
and finally

How do countries already co-operate in nuclear safety?

Only after having agreed on a response to these three questions could we 
usefully explore ways and means of intensifying nuclear safety co-operation.

There are a number of general reasons why we should co-operate in 
nuclear safety. Safety is universal and concerns us all equally. As a corollary, 
no country should be deprived of know-how which could help to reduce natural 
and man-made risks. With the very small but real possibility that a nuclear 
power plant may fail with catastrophic effects having widespread environmental 
impact, it is important to bear in mind that one in four reactors in the OECD 
area is within 40 km o f an international border. There is also an economic 
incentive to share our limited resources, both in terms of finance and, even 
more so, in terms o f expertise.

Finally, people see the nuclear risk as special, as a result o f the insidious 
nature o f radiation, and last but not least they see the origins of nuclear energy 
in war. These psychological effects may very well threaten the continued 
exploitation o f nuclear power; this has been demonstrated by the aftermath 
of TMI which despite its negligible consequences to the surrounding public 
has had a considerable impact elsewhere.

Let us now more specifically explore why we should co-operate in nuclear 
safety research.

Safety research has become a vast multidisciplinary endeavour for which 
the OECD countries alone spend about US $1 billion a year. In recent years it
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has become increasingly difficult even for large countries to pursue all aspects — 
and smaller countries are faced with the impossible task o f assimilating this 
vast know-how for protection of their populations. International co-operation 
also provides the only means to share the operating experience o f a ll nuclear 
power plants. In addition, exchange of information assists in hardening the 
safety case or, alternatively, results may be obtained quicker. With the demand 
for many safety experiments to resemble more closely the real reactor in scale 
and test conditions, many countries could only benefit from this research 
through international co-operation. Equally, international co-operation pro
vides the only possibility to interlink experiments that have similar objectives 
and thus avoid wasteful duplication.

On the other hand, international co-operation in licensing is hampered by 
the fact that each national regulatory system is strongly influenced by the 
country’s legal system, political organization, history, and so on. Co-operation 
is thus limited to exchanges on regulatory practices. These exchanges are 
certainly valuable for countries starting with nuclear power and they are even 
more useful in making countries familiar with each other’s practices. In this 
way countries may better judge the adequacy of their approach and the 
exchange may also prevent the development o f unnecessary differences which 
are an obstacle to trade.

It is also very important to co-operate in the codification of safety experi
ence as this is the only way to record and profit from the cumulative experience. 
Such codes are not only of great benefit to developing countries but they are 
also important in easing international trade.

How then can countries most profitably interact in nuclear safety? 
Countries co-operate in two different ways:

Directly on bi- or tri- or multi-lateral bases, or
Indirectly, through an international organization.

Let me briefly examine the advantages and disadvantages o f both types 
of co-operation. Direct co-operation between countries is for obvious reasons 
limited to two or three in each case. These arrangements are easy to set up 
and to contain, and there is no intermediary. Most often they pertain to a 
specific hardware project in which countries share the tasks involved. The lead 
country approach as practised by the International Energy Agency provides 
an opportunity for a larger group of countries to benefit from one project.

However, there are a number of disadvantages associated with direct 
contacts between countries. By definition, these arrangements are exclusive, 
because to get the broadest possible coverage they would require a wasteful 
multitude o f contacts. These are difficult to maintain for large countries and 
impossible for small countries, and evidently, codification o f nuclear experience 
other than on the widest possible scale would be of little use.
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Turning to co-operation in  the  framework o f international organizations, 
there are several advantages.

First o f all such co-operation deals primarily with generic subjects such 
as nuclear safety. An international organization involves more countries in a 
uniform way and thus leads to a more uniform level o f safety, which is probably 
the most important aspect.

As a matter of fact, an international organization provides the only means 
for reaching a consensus on a minimum safety level. Evidently the information 
exchange is also considerably more efficient and last but not least the disin
terested international organization can adapt information to countries’ needs, 
as well as stimulating these exchanges and developing ways and means of 
improving co-operation.

It must be pointed out, however, that there are certain problems for 
countries co-operating in the framework of an international organization. As 
far as programme priorities are concerned, reaching a consensus is not always 
easy; in fact the difficulty is worse the greater the diversity of participating 
countries.

For the same reason it often proves difficult to contain the programme.
Turning now to the question of how countries are already co-operating, a 

good example of bi-lateral or tri-lateral co-operation is the 2D/3D Project recently 
concluded between the Federal Republic of Germany, Japan and the USA.
Other bi-lateral agreements in the multilateral frame of the International Energy 
Agency concern the LOFT Project, HDR project and so on.

On a bigger scale, there exists one world-wide international organization, 
the IAEA, and at least three regional organizations, the CEC, CMEA, and NEA.

As Mr. Rosen reported, one of the IAEA’s important efforts is to codify 
nuclear safety experience in the NUSS programme. However, the principal 
contribution o f the IAEA is to provide different forms o f technical assistance 
to countries beginning nuclear power programmes, especially those with a 
limited technological base.

In contrast, the regional organizations, CEC, CMEA and NEA, have deve
loped more intimate co-operative arrangements primarily in safety research and 
licensing. These more intimate arrangements are possible because of the smaller 
differences in the level o f development between the participating countries in 
these regional organizations.

I shall now briefly turn to the programme o f the OECD Nuclear Energy 
Agency, which focuses on safety research co-operation and open exchanges on 
licensing questions.

To sum up this big programme in a few words, the main objective of the 
NEA’s Committee on the Safety of Nuclear Installations is to improve scientific 
and technical knowledge and to reach consensus. Figure 1 gives an overview on 
how our programme is organized. You will see that we use different working 
methods with different degrees of sophistication to achieve these objectives.
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M EM BER COUNTRIES

TASK:

IM PROVED  KNOWLEDGE 
CONSENSUS

SEN IO R  REPRESEN TAT IVES FROM LICENSING  AUTHO R IT IES 

SEN IO R  SC IEN T ISTS AND  ENG IN EERS 
IN SA F ET Y  RESEARCH

COM PILE AN D  C OLLATE 
INFO RM ATION

SH A RE  RESEARCH  
RESU LTS AND  EXPER IEN CE  

E XA M IN E  RESEARCH 
R ESU LTS AND  EXPER IEN CE

C ON SOLIDATE KNOW-HOW

AD V ISE  ON PROGRESS 
AND  REV IEW  ISSUES 

A D V AN C E  KNOW-HOW 
DEVELO P CONFIDENCE

FIG .l. Typical example o f  OECD organization for international co-operation in nuclear safety.

The basis o f the programme is provided by compiling and collecting 
information such as in the Nuclear Safety Research Index (NSRI) and in the 
Incident Reporting System (1RS). Active co-operation on specific subjects is 
organized through twelve working groups. The graph shows only one o f these, 
the Working Group on ECCS and fuel behaviour; let us use this as an example 
to explain the different methods o f co-operation.

The first task o f each working group is to share results and experience; 
in certain cases we arrange a topical meeting to compare experience on a very 
specific subject. Each working group examines research results in a particular 
field. Often it also identifies issues for CSNI to tackle. An important aspect 
of CSNI’s work is to consolidate know-how, which is done by the preparation 
and publication of state-of-the-art reports. The most advanced level o f co
operation is achieved by international standard problem exercises.

Figure 2 lists the current working groups, showing the range of involvement 
of CSNI and its Sub-Committee on Licensing.



IAEA-CN-39/9.2b 437

CSNI WORKING GROUPS - 12 STANDING WORKING GROUPS 
5 SUB GROUPS

EMERGENCY CORE COOLING AND FUEL BEHAVIOUR 

REACTOR CONTAINMENT RESPONSE 

LMFBR SAFETY R AND D

NATURAL CIRCULATION IN DEGRADED CORE CONDITIONS 

PREDICTIVE MODELLING FOR FUEL TESTING 

CONTAINMENT R AND D 

SCIENCE OF FUEL-COOLANT INTERACTIONS AND VAPOUR EXPLOSIONS 

REACTOR SAFETY IMPLICATIONS OF FUEL COOLANT INTERACTIONS (FCIS) 

NUCLEAR AEROSOLS IN REACTOR SAFETY 

AIR CLEANING IN REACTOR SAFETY 

SAFETY ASPECTS OF STEEL COMPONENTS 

ELASTIC-PLASTIC FRACTURE MECHANICS 

ACOUSTIC EMISSION 

HUMAN ERROR DATA AND ASSESSMENT 

REFERENCE SEISMIC GROUND MOTIONS 

FUEL CYCLE SAFETY 

EXCHANGE OF OPERATING EXPERIENCE

SUB-COMMITTEE ON LICENSING - 2 STANDING WORKING GROUPS

REGULATORY INSPECTION 

REGULATORY REVIEW AND ASSESSMENT

FIG.2. C N SI w orking groups.

CSNI also sponsors seven series o f international standard problem 
exercises (ISPs). The aim o f the ISPs is to compare the different tools employed 
for the safety assessment o f nuclear installations with one another and/or with 
an agreed standard. Typical tools are computer codes, experimental facilities, 
methods for testing materials, etc.

We distinguish between parallel and sequential ISPs and we are currently 
working on six series of parallel and one series of sequential exercises. The 
parallel ones cover LOCA-ECCS and containment codes, transient two-phase 
flow, consequence models, fuel coolant interaction and spent fuel transport 
containers. The sequential exercises are concerned with the non-destructive 
testing by ultrasonic means of heavy-section steel plates. These various exer
cises have not only contributed to improving these tools but have also increased 
our confidence that we can properly assess the safety of nuclear installations.
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To conclude, we should ask ourselves how we can intensify international 
co-operation so tha t all potential is explored. It is clear to us all that it would 
be difficult to increase the great number of contacts that already exist in nuclear 
safety. A pattern o f co-operation based more on international organizations 
and less on direct bi-lateral contacts would be more fruitful to all concerned.
For this to be most effective it will be necessary to bring about a more rational 
division of tasks between the different international organizations. For instance, 
we feel that effective co-operation in safety research is only feasible in a group 
of countries whose standards of development are not too dissimilar, as in the 
CEC, CMEA and NEA. Thus it would be technically reasonable to arrange 
exchanges between, for example, the countries represented in NEA and those 
of CMEA, but the cause of nuclear safety would gain little by doing so in a 
world-wide forum. Rather the results o f these East/West exchanges should be 
channelled into the technical assistance programme of the IAEA.
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A Statem ent

The USSR is rendering major assistance to  foreign countries constructing 
nuclear pow er plants with pressurized water reactors.

These reactors, particularly the WWER-440 (B-213) and WWER-1000, 
fully comply with the m ost up-to-date Soviet standards for nuclear plant 
equipm ent design, sanitary norms and safety regulations. These norms, in their 
turn, satisfy the updated IAEA standards.

All the major work concerning core heat-engineering reliability under 
normal and accident conditions, primary equipm ent strength and reliability, 
and studies o f coolant and fuel behaviour during loss-of-coolant accident was 
carried out for these reactors in the USSR using scaled models as well as research 
and power reactors. A complex o f methods and programmes for the theoretical 
analysis of the emergency processes has been developed.

The technical docum ents relating to the manufacture of the various items 
of equipm ent for these reactor plants have been subm itted and are being 
subm itted by contract to a num ber o f CMEA countries (Czechoslovakia, Poland, 
the German Democratic Republic, Romania, Hungary, Bulgaria) and Yugoslavia.

In addition to  these docum ents meeting IAEA requirements, the development 
o f  working design and technological docum entation as well as equipm ent 
manufacture is performed under careful supervision of Soviet technologists and 
designers who, in accordance with the contract terms, pass on all their experience 
and knowledge in manufacturing nuclear power plant equipm ent.

Procurem ent of materials and the completion o f product units in third 
countries is carried out in strict agreement with the designers’ requirements and 
technical specifications. This ensures the high quality of nuclear power plant 
equipm ent m anufactured using the USSR docum entation subm itted to the 
CMEA countries and Yugoslavia.

The demanding requirem ents for nuclear power plant equipm ent meets 
with the understanding o f these countries, as the Soviet Union is engaged, in
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addition to  its commercial contracts, in comprehensive co-operation in technical 
research with CMEA countries regarding different aspects o f atomic energetics 
and, especially, in the sector of reactor heat-engineering reliability and safety.

Currently, work on construction o f a research loop at reactor “Maria” is 
being carried out together with Poland. Structurally, the loop design is similar 
to the full-scale primary circuit o f a WWER-type plant with 18 fuel elements.
The plant is meant to  simulate conditions typical of the design basis accident 
o f a WWER-type plant.

The programme envisages the following investigations at the loop facility:

Investigation of fuel element behaviour under design basis accident 
conditions, including study o f the effect o f emergency core cooling system 
(ECCS) circuits and parameters, leak location and maximum thermal load 
on the fuel elements

Investigation of the effect of fuel elem ent operational history
on fuel element behaviour in the reactor (experiments corresponding to
different moments in operating life)

Investigation of fuel element behaviour under the influence of artificial 
defects such as the presence of crumb within the fuel/cladding gap, 
increasing the axial gap between pellets, and cladding leak rates.

Investigation o f fuel element behaviour under the conditions of 
‘average’ and ‘small’ leaks, etc.

Together with data relating to  the fuel elements proper, experiments should 
provide comprehensive inform ation on processes occurring in the reactor and 
primary circuit during an accident. This inform ation will be used to substantiate 
the calculational m ethods and improve the safety criteria concerning fuel elements.

A comprehensive range of calculational and theoretical as well as 
experimental investigations of transient thermal and hydrodynam ic processes 
is to  be carried out in Czechoslovakia with participation by the USSR. Its aim is 
to  develop and substantiate methods and features ensuring the safety of a WEER- 
type reactor.

The working plan comprises experimental and design investigations into 
the following principal problems:

Change in parameters of the primary circuit and reactor given primary 
pipeline rupture

The effect of systems design and parameters of the emergency core cooling 
system on its efficiency during an accident with primary pipeline rupture
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Analysis of therm ohydraulic processes and effects on the reactor internals
due to  pressure wave propagation with pipeline rupture simulation

Exchange of m ethods and programmes for transient and accident conditions.

The development o f safety investigation programmes and adaptation of 
programmes already developed is under way in Czechoslovakia, the German 
Democratic Republic, Hungary, Poland, Romania and Bulgaria.

In addition, Czechoslovakia is engaged in an investigation of brittle fracture 
resistance in order to  work out recommendations concerning the improvement 
of operational reliability.

Hungarian scientists and engineers are conducting experimental and 
analytical investigations into the so-called ‘internal effects’ related to safety.
These effects comprise internally generated forces, generally by assumed 
rupture o f an energy carrier such as a pipe, and the effects o f such an event on 
neighbouring structures and equipm ent. Jet-forces, reaction forces, pressure 
build-up and other related items are being studied.

In summary, the USSR is conducting a comprehensive and complementary 
programme on nuclear power plant safety jointly with other CMEA Member 
States. These activities are further described in the presentation by Mr. Strehober 
from the CMEA Secretariat (IAEA-CN-39/9e). All relevant results from each 
country’s activities are distributed to  all CMEA member countries, in order to 
assist them  to assess and use safety advances in their own nuclear programmes.
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Abstract

INTERNATIONAL CO-OPERATION IN SAFETY MATTERS WITHIN THE FRAMEWORK 
OF THE COMMISSION OF THE EUROPEAN COMMUNITIES.

European Community (EC) countries realize that their energy demand cannot be met 
without a nuclear component, which is almost a necessity owing to its major economic advantages. 
Two typical areas where the Commission has stimulated intense international co-operation are as 
follows: The first broad area deals with efforts towards a gradual harmonization of regulatory 
health and safety practices and requirements for reactors of an industrially developed type, more 
specifically (light) water-cooled reactors. The second area concerns joint research programmes 
and co-ordination activities in research on nuclear safety (LWRs and LMFBRs). These two broad 
areas are closely interconnected. Information is also given on the existing network of bilateral 
and multilateral arrangements for the exchange of information of interest to the EC. In con
clusion, some problems are highlighted where improvements could be made or where it seems 
crucial that increased international co-operation and especially agreement should come about.

1. A CONCERTED AND HARMONIZED EC APPROACH IN REGULATORY
SAFETY PRACTICES AND REQUIREMENTS

European Com munity (EC) countries realize tha t their energy demand cannot 
be m et w ithout a nuclear com ponent (see Tables I and II) and this is almost a 
necessity due to  its major economic advantage (see Appendix 1). Table I gives the 
typical estim ated percentage contributions of nuclear energy in EC countries in 
relation to  electric energy from oil and coal extrapolated into the year 1990.
This table shows for example that France intends to  supply 50% o f the country’s 
electricity requirem ents by nuclear generating stations, i.e. roughly 30% o f the 
to tal energy requirem ents o f this country will be based on nuclear energy. O ther 
EC countries have similar ambitious nuclear programmes (e.g. Belgium).

4 4 3



TABLE I. THE SOURCES OF ELECTRIC ENERGY IN EUROPE IN 1990

4 4 4  VINCK et al.

EC country
Oil

(%) (million tons)
Nuclear

(%)
Coal
(%)

Other
(%)

Belgium 13.3 2.4 43.9 26.7 16.1

Denmark 20.0 1.8 - 80.0 -

FRG 3.7 7.6 29.3 49.7 17.3

France 4.6 4.5 67.6 9.7 181
Ireland 49.1 2.6 - 35.8 15.1

Italy 44.7 35.8 20.6 16.5 18.2

Netherlands 33.7 6.0 5.6 33.7 27.0

United Kingdom 11.8 9.5 25.7 62.0 0.5

Source: L’indispensable révolution énergétique; Trente Jours d’Europe n° 263, juin 1980.

Obviously there is parliam entary and public interest in any decision involving 
billions of ECUs1 o f public expenditure with wide industrial and social implications, 
particularly in nuclear energy which involves highly sensitive and potentially 
hazardous technologies. One should indeed welcome a critical approach to nuclear 
energy in analysing the activities of an area of public investment of such consider
able size and importance.

It is in such a way that the Commission plays its role — within its legal 
possibilities and limitations — in the peaceful use of nuclear power.

According to  the principle that “an accident in a NPP anywhere is an accident 
everywhere” , EC countries recognized before TMI and even more so in the after- 
m ath of the TMI accident that it is o f interest to  all EC countries to  exchange 
views on nuclear reactor safety matters and, with the help of its working groups, 
the Commission o f the European Communities tries to  contribute to reduce the 
risk associated w ith the installation and operation of NPPs.

A systematic effort to  achieve progressive harm onization of technological 
safety practices and requirements for nuclear power plants, more specifically 
for light-water reactors, was launched in 1973. A perm anent working group on 
“Safety, Methodologies, Criteria, Standards, e tc .” (Working Group N o .l)  was set

1 European Currency Unit.
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TABLE II. THE 14 LEADING COUNTRIES USING NUCLEAR POWER 
GENERATING PLANTS
(estimated operable or under construction in 1990)

Country Number of plants Total capacity (MW(e)

1 USA 241 238 000

2 France 59 54 900

3 USSR 47 27 100

4 UK 41 13 000

5 FRG 31 25 500

6 Japan 30 23 200

7 Canada 26 23 200

8 Spain 17

9 Sweden 12

10 Italy 9

11 Belgium 8

12 GDR 9

13 India 8

14 Switzerland 7

up which provides for exchange of inform ation and experience between licensing 
authorities in EC countries on the one hand (WG 1A), whilst on the o ther WG IB 
extends this exchange between licensing authorities, utilities (UNIPEDE2) and 
equipm ent vendors (UNICE3).

The basic support, at the political level, for these harmonization efforts was 
provided by the European Community Council o f Ministers Resolution on nuclear 
safety technology of 22 July 1975 [ 1 ] which among other things and in short:

2 International Union of Producers and Distributors of Electric Energy.
3 Union of Industries of the EC.
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calls for an effective co-operation and for a strengthening o f effort on 
harm onization o f safety requirements and criteria within the European 
Community ;

requests the Member States to notify the Commission of any draft laws, 
regulations or provisions o f similar scope concerning the safety o f nuclear 
installations in order to  enable the appropriate consultations to  be held at 
Community level at the initiative of the Commission;

provides that, at the appropriate time, Community recommendations shall 
be published (Article 124 o f the Euratom  Treaty) on those subjects which 
lend themselves best to  a harmonized approach.

So one of the major objectives here is first to  compare the practices, 
methodologies, criteria, codes and standards applied in the Member States for 
the purpose of enabling the Commission to  formulate recommendations and 
subsequently to  place before the EC Council the m ost suitable draft Community 
provisions. Objectives and arguments for harmonizing nuclear health and safety 
practices rules, principles and criteria are summarized in Appendix 2.

Depending on the subjects, different working m ethods have been applied 
by the working group:

Compilation of inform ation and docum entation transm itted by working 
group members and replies to  questionnaires on specially selected items in 
order of priority

Establishment o f state-of-the-art and synthesis reports on the basis of the 
inform ation transm itted, the replies to  questionnaires, and the discussions 
in the meetings

Discussion o f questions and problems which are of interest to members of 
the working group

Ad hoc subgroup meetings on specific subjects, synthesis reports, etc.

Consultation on drafts o f national rules, codes, etc. in m ember countries 
of the European Community.

The types of subjects which the working group handled up to  1978 can be 
classified in the following main sections:

Fundam ental concepts

Hypotheses and m ethods of analysis concerning the safety of the NPP as a 
whole

Safety specifications for systems and components.
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The work programme adopted in 1973 gave priority to  the second item 
above and the working group established an inventory and a comparison of the 
rules and practices in these areas as they exist in the EC Member States.

Overall subjects dealt with and mechanisms applied are, for example:

Comparison o f the practices and criteria used for the protection of nuclear 
power plants and analysis of potential accident conditions (e.g. seismic effects, 
aircraft crashes, external explosions, floods, consequences of LOCA, loss of 
electric pow er supply, fuel handling, steam line break)

Comparison of safety practices and criteria applied in the site selection, 
emergency planning and for the design and construction o f LWRs

Generic safety issues: e.g. anticipated transients w ithout scram, overpressure 
protection, fire protection

Use of probabilistic risk assessment in safety analysis and licensing

Study on improvement of exchanges of technical inform ation on incidents 
or abnormal occurrences having a significant effect on nuclear safety

Safety analyses on specific projects; the Commission has been prom pted to 
carry out several safety analyses, o f general Community interest, of power 
and research reactors in Member States. These safety assessments are 
performed by outside experts chosen on grounds of their competence from 
organizations in various Member States, together with Commission staff

Following up the Council Resolution of 22 July 1975, EC countries are 
taking the initiative of submitting within the relevant CEC working group, 
draft rules or regulations for comments from other organizations within the 
EC before finalizing the contents on their own national basis.

Exchange of inform ation covers a broad range of activities but detailed 
examinations must of course be confined to specific subjects according to 
priorities attached to them.

An interesting area of exchange of information is that of reporting incidents 
in nuclear power plants, because such incidents result in feedback on design and 
safety requirements, safety research and in the licensing process. A status report 
on the reporting systems o f abnormal occurrences in NPPs as applied in several 
EC countries was produced. The European Reliability Data System, currently 
under development within the CEC-JRC (see section 2.1) is working towards the 
goal o f better inform ation exchange and systematic feed-back.

In the course o f 1977, Working Group No.l decided upon a working scheme 
for its second phase o f work, which started at the beginning o f 1978.

The terms o f reference of Working Group N o.l were adapted to  the revised 
work programme by the insertion of the provision that the next stage should
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start with the selective formulations, according to necessity and in an agreed 
order o f priority, of recommendations within the meaning o f Article 124 of the 
Euratom  Treaty.

It is considered by the regulatory authorities that recommendations should 
be concerned with safety philosophy rather than design detail. Arising from this, 
the development o f recommendations lies initially in the hands o f the safety 
authorities within Working Group N o.l in consultation with the utilities and 
vendors.

A harm onization o f safety requirements, although possible at certain levels, 
is no t necessarily practicable at all levels, because criteria and standards often 
refer to  a specific aspect of a protective function which may be achieved in different 
ways. More detailed harm onization can only be based on a previous effort towards 
harm onization of fundamental principles of safety on which the requirements and 
criteria are based.

Although the aim is to achieve an equivalent and satisfactory degree of 
protection of the professionally exposed, the population and the environment 
within the Com m unity, the precise way of obtaining this may differ from country 
to country. The basic principles, however, should and can be common in as far as 
they reflect objectives but not necessarily the way to achieve them.

The harm onization of safety principles, requirements and criteria, even though 
desirable, is however not sufficient to guarantee the harmonization of the levels of 
safety. In addition, the application of technical aspects does not alone guarantee 
the safety of a nuclear installation if it is no t accompanied by complete and 
detailed assessments coupled for instance with appropriate inspection and enforce
m ent activities all foreseen within the national licensing procedures. Working 
Group N o.l recognized that in any case the harmonization of basic principles 
represents the necessary starting point for any further harmonization.

A fter the elaboration of a general safety principles recom m endation, specific 
topics, where progress in comparative scrutiny has been sufficient, may become 
amenable to  recommendations.

Within this framework, it did not appear practicable to  try to harmonize 
national administrative procedures in nuclear licensing since the national regulatory 
systems are specific in regard to the legal system and political, administrative and 
institutional matters.

The Commission maintains close contacts with international and national 
bodies such as IAEA-NUSS, ISO TC 85, OECD/NEA, KTA and DIN in the Federal 
Republic of Germany and the USNRC, etc. to keep track of ongoing activities, 
to  correlate its own action plan and to feed-in (back) where appropriate. In 
particular, the Commission is closely associated with the IAEA efforts in the field 
of nuclear safety codes and guides under the NUSS programme.

In the area of radiation protection, the EC fulfils — in close co-operation 
with the Member States through the proper EC institutional procedures -  its
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obligations in accordance with chapter III o f the Euratom  Treaty. This implies 
essentially:

The setting up and periodic revision of the “Basic Standards” for protection 
against ionizing radiation (Article 31 ). There is, for example an EC-Directive 
largely inspired by the ICRP-recommendations (to  be) implemented by the 
EC Member States in their legislation within a given period of time [2].

The application of Article 37: examination of w hether a nuclear project 
could give rise to  a normal or accidental effluents release that would unduly 
contam inate a neighbouring country.

2. RESEARCH: COMMON PROGRAMMES, COLLABORATION ACTIVITIES 
AND INDIRECT PROGRAMMES

2.1. International co-operation within the reactor safety programme of the 
CEC Jo in t Research Centre

International co-operation can be seen under several aspects: either formal
ized with signed agreements or factual at working level ; either with partners 
within the Member States of the European Communities or with partners outside 
the European Com m unity; either with national research centres or with industry 
or with international organizations.

Being the research laboratory of the Commission of the European Communities, 
the Jo in t Research Centre (JRC) has a specific role to  fulfil which involves it in a 
num ber o f international co-operative activities. It has the task of:

(1) Performing programmes of a central nature: the concentration of the JRC 
on research activities justifies the establishment of a broad research potential 
at Community level and calls for the centralization of facilities or functions, 
for example by the creation of large scale installations in which the JRC can 
act as a focal point or catalyst for co-ordination at Community level and in 
which the JRC can prom ote the application of new technologies throughout 
the Community.

(2) Performing a public service role: the JRC is developing these by meeting 
the needs o f government organizations, universities and industries for 
specialized equipm ent, know-how, products and services.

(3) Carrying ou t services to  the Commission itself: the JRC acts in support of 
the Commission by providing it with scientific and technical expertise in 
form ulation and im plem entation of sectorial policies.
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It is clear that the two first tasks require and lead to  international co
operation and the reactor safety programme can be seen as a typical example of it: 
if we add up the num ber o f co-operative ties in each o f the eleven projects 
constituting the 1980—1983 research programme, we arrive at a figure o f about 
150 working links between our laboratory and research organizations (national 
as well as belonging to  industry).

The international co-operation existing at the level of each project is also 
enhanced by the way the Commission manages its programme. Whilst the 
management responsibility rests entirely with the Commission, the Commission’s 
services make use o f the services of an Advisory Committee for Programme 
Management composed o f  national experts nom inated by the Member States 
and o f Commission officials. When necessary, specialized working groups reporting 
to  the ACPM have been created.

Finally, the Commission participates in the committees of the international 
organizations acting in the field o f reactor safety, such as IAEA and OECD-NEA. 
This co-operation can best be illustrated by examples.

For the sake of brevity, only three examples will be given: these are taken 
from the 1980—1983 research programme. The first one is the loop blowdown 
investigation project (LOBI project). The second one is the project on contain
m ent loading and response (project CONT) and the third one is the European 
reliability data system (ERDS).

Project LOBI: At the request of the Federal Ministry for Research and 
Technology o f the Federal Republic of Germany, JRC Ispra started the construction 
of the loop blowdown: an experimental out-of-pile experiment to  investigate, 
develop and validate the mathematical codes describing the behaviour o f  primary 
circuit com ponents during the blowdown phase of a pressurized water reactor.
This was initially completely funded by the Federal Government, JRC peforming 
its public service role by meeting the specific needs of this organization. 
Progressively, this contract o f work upon request was changed into a co-operative 
effort, part o f this activity being carried out within the framework o f the JRC 
research programme. This share increased and at the end of the contract with 
BMFT, the research programme carried out with this installation will be entirely 
a Community programme, funded by JRC. This programme is being executed in 
conjunction with the Semi-scale and LOFT research activities. This is an example 
of an activity starting on the initiative of one Member State in giving a contract 
to  JRC, with the work progressively changing into a major European research 
programme, linked to  international activities in this field.

The second example is the project CONT. Its long-term goal is to  describe 
with sufficient accuracy the phenomena involved in the containm ent loading 
from core destructive accidents. This project stems from the containm ent and 
subassembly code development and validation programme (CO VA and CO VAS). 
Such activities can only be carried out if there is a wide consensus of approval in
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all EEC member countries. Since the start, an increasing num ber of analyses from 
various research institutes and from  licensing authorities have contributed to  the 
validation o f containm ent codes using the experimental data produced at Ispra, 
Foulness and Winfrith. This also is another example of co-operation where the 
experimental work has been shared between laboratories and where the results 
are being utilized at European level.

Finally, I would like to  cite the European Reliability Data System  (ERDS). 
This system will be implemented during the 1980-1983  JRC programme. It will 
consist of four data bases, a ‘generic reliability param eter data bank’, a ‘com ponent 
event data bank’, an ‘operating unit reporting system ’, and an ‘abnormal 
occurrence reporting system ’. Such a project can only be launched with hope of 
success when there is an assurance o f co-operation by all parties concerned within 
the Member States of the Community.

Apart from these examples of the type o f  international co-operation carried 
out within the framework o f the Jo in t Research Centre programme, there are two 
other very im portant experimental activities which are already the subject of 
significant international co-operation: the in-pile experimental study of loss-of- 
coolant accident — the Super Sara project — and the studies concerning post
accident heat removal — the PAHR experiment — which will lead to  a European 
in-pile PAHR experim ent. In conclusion, the Jo in t Research Centre is by definition 
open, oriented, and bound to  prom ote international co-operation between the 
Member States of the European Community and — especially in the reactor safety 
field — also with the research world outside the Community.

2.2. International EC collaboration activities and indirect research programmes
in water reactor safety

This is an area where energetic and useful support is being given by Member 
States to  Commission efforts towards collaboration.

The previously m entioned European Community Council of Ministers 
Resolution o f 22 July 1975 on the technological problems of nuclear safety 
directed the Commission to strengthen Community efforts to co-ordinate applied 
research programmes in order to  make the best possible use of the resources 
available in the Community and the Member States both technically and financially 
whilst avoiding as far as possible unnecessary duplication. These efforts are aimed 
at improving systematic exchanges o f inform ation, prom oting concerted actions 
and co-operation between specialized bodies and institutes and stimulating where 
appropriate the development of Com munity programmes.

To achieve these aims, the Commission has accordingly initiated various 
activities as advised by its Working Group No.2 which deals with therm al water 
reactor safety research. This working group includes representatives from the 
following organizations in our member states:
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A uthorities and/or associated bodies responsible for nuclear safety

Administrations responsible for the management o f research programmes 
financed by public funds

Utilities (UNIPEDE)

Vendors (UNICE).

The major activities are:

( 1 ) The establishment o f an efficient and rapid inform ation netw ork in the 
Community also facilitating exchanges of inform ation with industrially 
developed non-member countries: this stimulates the identification of 
areas where more knowledge is required.

(2) The prom otion in selected fields and, according to  a pre-established order 
o f priority — continuous consultations, co-ordination and co-operation 
between the specialized agencies and institutes o f the Member States and, 
where appropriate, those of the non-Member States.

(3) The prom otion of Community research projects particularly to  increase 
knowledge where required.

The prime success under item ( 1 ) has been the creation of an index of 
European water reactor research projects updated roughly every year. Here each 
project is described in a specific form at and filed under a certain classification 
system. The sixth edition was published in September 1979 and now contains 
inform ation on well over 500 current projects, classified under 19 main headings.

The Commission forwards copies of this Community index as input for an 
OECD/NEA/IEA version (which uses an identical classification system and format) 
and acts as a liaison point for the Member States of the Community. Close liaison 
on the tw o systems is maintained, thus ensuring the maximum dissemination at 
any time o f the current projects in each particular area o f nuclear safety research.

Under item (2), various specific questions and problems have been discussed, 
including for example the effects of the Three Mile Island incident on the national 
safety research programmes. W ithout being exhaustive, some o f the current issues 
under present consideration are:

(a) Hydrogen

The assessment of the production of hydrogen following an accident situation, 
its distribution and the consequential risk of an explosion in the containm ent. 
Although this is a subject which has been considered for some time it is felt that 
a complete reassessment of available data is now necessary. For example, new
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work is being produced on the production of hydrogen from m etal/w ater reactions 
and the hydrolysis o f water. Three meetings have so far been held by a group of 
experts from the Member States, who also maintain liaison concerning other 
relevant activities (e.g. NEA — CSNI).

(b) Human factors and man/machine interaction

This whole subject o f how man interacts with sophisticated machines is 
receiving more and more attention and is of particular concern in the control of 
nuclear power plant under accident situations. Points to be studied are:

Processing of the operating data from the plant

Presentation of operating data to  the operator

Assistance to  the operator in making crucial decisions, particularly in 
emergency situations

Reliability o f the human operator.

This investigation is also closely linked with other current work, including that 
at the NEA-CSNI and within the laboratories of the Join t Research Centre of 
the Commission.

(c) Structural integrity o f  NPP against an aircraft crash incident

Points under discussion include:

The choice of models for dynamic analysis 
Elastic versus plastic deform ation o f reinforced concrete 
Vibrational effects on safety-related equipm ent 
Problems related to  local effects.

(d) Alternative containm ent concepts

Current considerations are to reduce the probability o f containm ent failure 
in severe postulated accident conditions.

(e) Fuel behaviour

Particular attention  is being paid to  fuel behaviour in severe accident 
situations up to core melt conditions. Experts in the field of thermohydraulics 
are being brought together w ith fuel behaviour specialists in order to  consider 
the problem of long-term cooling and unloading of a damaged core.
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The highlight o f item (3) is undeniably the adoption o f a Community 
programme on thermal water reactor research by the Council o f Ministers in 
March 1979. The basis for such a programme had been initiated at the beginning 
of 1976, when three key areas were identified where further knowledge was 
required and where co-operation between Community specialized institutes could 
provide such inform ation. These three areas were:

Emergency core-cooling (ECC) phenomena following a loss-of-coolant
accident (LOCA)

The protection o f nuclear installations against external explosive gas clouds

The escape o f radioactive fission products following a postulated reactor
accident and their dispersion in the atmosphere.

The budget for this is 6.3 MECU, 5.0 MECU of which is allocated for the 
placing of over 30 contracts in various Community institutes, to  be carried out 
over a five-year period. Approximately the same sum is being provided by the 
participating institutes.

The form o f the programme ensures close collaboration between the various 
institutes and with o ther relevant organizations both inside and outside the 
European Com m unity, so producing maximum benefit from the work being 
undertaken. Certainly the strong collaborative links which have been formed are 
a most im portant part o f such a programme, certainly as im portant as the actual 
technical results o f  the work.

This so-called indirect programme is o f course complementary to the 
CEC-JRC common (so-called direct) programme on reactor safety which has a 
gross budget available o f 151 MECU over the period 1980—1983.

2.3. International EC collaboration activities in LMFBR safety

Within the framework o f the ad hoc working group and its subgroups and 
in close liaison with the CEC-JRC, under the EC Co-ordination Committee for 
Fast Reactors, extensive co-operation has taken place since 1972. N oteworthy 
activities currently under way are for example:

Maintenance o f a regularly updated R&D safety index.

Continuous exchange o f inform ation on current R&D programmes and 
progress in research on the existing reactor projects under construction or 
in service.

Examination o f recommendations for further work in the area of Post 
Accident Heat Removal (PAHR).
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The development and refinem ent o f the European Accident Code (EAC) on 
Whole Core Accidents (WCA); this exercise is furtherm ore the subject o f an 
agreement for participation o f USNRC and USDOE in comparative calculations.

Continuous discussions in the field o f development and validation of contain
m ent codes developed by the CEC-JRC and national organizations.

Finally it should be highlighted tha t besides the above strictly research- 
oriented activities, the group has already made excellent progress in the elaboration 
o f preliminary criteria and guidelines. These are so far accident-oriented criteria 
and guidelines and relate to  reactively accidents, general cooling accidents and 
sub-assembly cooling accidents.

3. INTERNATIONAL CO-OPERATION (BILATERAL AND MULTILATERAL)

Because of increased public concern related to nuclear power and as a con
sequence o f the TMI accident, international co-operation in nuclear safety m atters 
has received new impetus. This becomes evident when one looks at the considerable 
num ber of bilateral and multilateral arrangements concluded under discussion 
between licensing authorities and research management authorities in EC countries 
and their counterparts in countries outside the European Community.

Typically, the following EC countries are involved in regulatory inform ation 
exchanges and co-operation arrangements among regulatory bodies:

to m ention only the more im portant.
It is also not surprising that all EC countries with the exception of Luxembourg 

and Ireland (tw o countries w ithout nuclear power) have formal arrangements with 
the Nuclear Regulatory Commission o f the USA. It appears that USNRC has
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arrangements or is negotiating arrangements with regulatory bodies of about 
20 countries [3]. One may m ention here that also Greece, becoming official 
m ember o f the Community on 1 January 1981, has such an agreement with USNRC.

Many o f the agreements concern nuclear safety research and obviously because 
of its common programme the Commission is involved in these. A tripartite agree
ment was, for instance, concluded between the Join t Research Centre o f the 
Commission o f the European Communities, the NRC and the Federal German 
Ministry for Research and Technology to  co-operate on a series of experiments 
related to  the establishment of theoretical models used in the analysis o f fuel 
coolant interactions. Furtherm ore, a five-year arrangement was concluded between 
the CEC-JRC and the USNRC, covering a broad exchange of research inform ation 
on both light water and fast reactor topics.

Provisions of the bilateral arrangements — normally effective for five years 
but extendable — call for reciprocal exchange of regulatory inform ation in the 
form of technical reports, research programmes, guidelines, safety rules, corre
spondence, meetings, training courses, etc. or may provide for future co-operation 
in reactor safety research. Arrangements may provide also for tem porary assign
ments of personnel to  laboratories and institutions.

Such international co-operation is a means to  achieve objectives in a less 
costly manner, avoiding duplication of work. Obviously, this is mainly true for 
nuclear safety research but nontheless it is also valid for example in the area of 
harm onization o f safety principles and criteria.

Other im portant objectives o f the arrangements are [3] to:

Establish a formal channel o f communication with other regulatory organi
zations to  assure prom pt and reciprocal notification of reactor safety problems 
that could apply to  nuclear facilities

Form  a netw ork for co-operation related to  public health and safety, safe
guards and environmental protection

Broaden the technical data base of the parties involved and assist in developing 
an international consensus on safety standards, experiments, regulatory 
m atters, etc.

Provide assistance in improving nuclear health and safety practices of countries 
importing nuclear facilities.

4. SOME RECENT PROBLEMS NEEDING A BROADER INTERNATIONAL 
CONSENSUS

So far only positive and agreeable examples o f international co-operation 
have been shown. However, especially, but no t only, since the TMI-2 events a
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num ber o f  rapid developments have taken place that should induce greater efforts 
towards a better international consensus. A few o f these may be highlighted:
(1) A t present it seems that NPP siting-safety aspects, emergency technical 

planning bases and procedures (on and off-site), accident hypothesis and 
sequences and the corresponding plant engineered safety practices are growing 
more and more interconnected. That has always been more or less the case, 
but now this occurs in a rather diffuse and uncertain manner, presumably 
because clear-cut deterministic decisions are becoming less popular. There
is a tendency to  consider the Design Basis Accidents (DBAs) approach 
insufficient, to  consider realistic very low-frequency/high consequence 
accidents (USA terminology: class 9 accidents) and/or to apply (mini-) 
Probabilistic Risk Assessments (PRA) for each NPP in licensing and regulating 
m atters, to  return practically to  the 10 to 15-years-old concept of the “Magic- 
Box” containm ent provisions, etc.
Whether these current approaches are reasonable or not is not so much the 

point here and is debated elsewhere. The point here is more that there are dis
crepant views on such m atters that can be noted within single countries; thus a 
fortiori there is increased discrepancy between several countries.

Furtherm ore there are probably also manpower limitations that would prevent 
certain countries from applying new techniques that would be applied in a highly 
developed country (e.g. PRA). This situation certainly does no t enhance any 
simplification o f the problem of the acceptability and actual acceptance of nuclear 
power production.
(2) On the other hand, more and more frequently — and in the au thor’s view 

reasonably so — voices are raised advocating that quantitative safety goals 
(how safe is safe enough) for nuclear power be developed and applied. This 
is already the case in a limited and flexible way in certain countries as regards 
reliability requirem ents for certain equipm ent (e.g. reactor shut-down 
mechanisms), but no t for overall NPP safety.
Again the fact that such an approach -  adm ittedly difficult — appears logical 

and is in fact applied in non-nuclear developments within m odem  society (e.g. 
aeronautics, chemical industries), is no t so much the issue in the present discussion. 
It is rather the fact that there is no consensus on how to go about this for nuclear 
power within individual countries, let alone amongst several together.

A further difficulty is that whilst in such an approach, nuclear activities need 
to  be put into the perspective o f other public risks (e.g. other energy sources), 
and cost-benefit (risk reduction) aspects o f supplementary protection and 
accident-mitigating devices need to  be considered, there may be differences in 
levels that could be in fact improved or accepted, but which are no t necessarily 
fundam entally acceptable (e.g. in spite of social and political differences between 
developed and less developed countries).
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(3) The previously m entioned points reflect for instance on the problem of 
NPPs (to be) located near borders — a problem which is typical for the EC 
geographic configuration — and where accident conditions can have trans
frontier consequences for the population.
If the fundam ental approaches taken towards problems 1 and 2 above wind-up 

with excessively divergent safety objectives between countries, then this may result 
in levels o f protection so divergent that they may become unacceptable, or in actual 
fact unaccepted  (by the public and its representatives) although in some instances 
they could perhaps theoretically be acceptable.
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Appendix 1

ARGUMENTS FOR NUCLEAR POWER

Nuclear power helps the balance of paym ents by substituting a large percentage 
of uranium (home-produced in some EC countries) for an energy source which relies 
to  a large extent on imports.

Nuclear energy reduces the cost o f electric energy because of the growing price 
differential between oil and nuclear energy 
(e.g. nuclear: 8.68 centim es/kW 'h

oil 15.33
coal 12.68 ” ” ).

Source: British Nuclear 
Energy Bulletin 
Nov.-Dec. 1979.

The use of nuclear energy shifts the balance of energy supplies away from 
unsettled political areas such as the Persian Gulf to  more stable regions of the 

. world.
There is evidently a bonus o f development of an industry with big export 

potential.
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Appendix 2

REASONS AND ARGUMENTS FOR HARMONIZING NUCLEAR HEALTH 
AND SAFETY RULES, REGULATIONS, STANDARDS AND CRITERIA

Harmonization of national nuclear health and safety rules, regulations, 
criteria and standards is highly desirable on an international and Community level 
mainly for the following reasons:

(1) Disparities in regulatory requirements and industrial standards constitute 
a hindrance to  industrial development and energy production.

The development of standardized methods to deal with health and safety 
problems and their environmental implications for the design, fabrication 
and assembly of equipm ent shorten lead times for the setting up o f nuclear 
power plants (NPPs), speed up their entrance into service and contribute to 
reduce costs for design and m anufacture. The development of standardized 
m ethods can contribute to simplify and accelerate the complex licensing 
process.

A harmonized approach can facilitate nuclear technology transfer within 
the European Community and to developing countries. The export of nuclear 
installations and equipm ent from relatively few supplier countries to a large 
num ber of user countries is increasing.

In particular the efforts towards harmonization by the Commission o f the 
European Communities constitute a condition for opening up the m arket for 
nuclear power plants and equipm ent within the Member States and have a positive 
influence on the expansion o f exports outside the Common Market.

(2) Harmonization can contribute to increased health and safety. Harmonized 
health and safety rules, regulations and standards provide the licensing and regu
latory authorities and the associated safety and control organizations with a high 
degree of confidence that the design basis and the performance requirements of
the equipm ent have been effectively achieved. The use of standardized safety 
rules etc. in design, construction and operation results in increased reliability and 
availability of the plant and enables use to be made of available experience 
(feedback).

(3) There is no reason to  allow the development of significantly different 
overall levels of safety for the individuals of different nationalities, but in an 
equivalent societal context. The situation is critical especially for NPPs located 
near national borders where they can potentially affect the population of neigh
bouring countries.



460 VINCK et al.

This means, among other things, that siting, design, construction, operation 
and decommissioning o f nuclear facilities must be on a uniformly high safety 
level according to  the latest state of knowledge and know-how in science and 
technology.

(4) A harmonized approach should alleviate public concern about the risks 
of nuclear power in EC countries, improve public acceptance and facilitate the 
decision-making process.

(5) Efforts towards harmonization can contribute in the development of 
national rules, regulations and criteria in providing a basis for specific or more 
detailed formulations.
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Abstract

CO-OPERATION OF THE CMEA MEMBER COUNTRIES IN ASSURING NUCLEAR 
POWER PLANT SAFETY.

The report discusses issues related to the safety of nuclear power plants developed 
within the framework of the ‘General expanded programme of co-operation of the CMEA 
member countries and Yugoslavia for the period up to 1980 in the field of environmental 
protection and improvement and related rational utilization of natural resources’. Mention 
is made of comprehensive approaches to the organizational, engineering and technological 
safety aspects of nuclear power plants with water-moderated power reactors. The report 
also cites the results of co-operation in the elaboration of normative technical documents 
and rules governing the normal operation of the nuclear power plants. Also, an analysis is 
provided of some questions of co-operation in assuring the radiation safety of nuclear 
power plants and in environmental protection. In the process, the requirements are 
discussed with regard to the observance of radiation safety norms as well as recommenda
tions with regard to the prevention of nuclear power plant accidents and elimination of 
their consequences. Also mentioned are the main directions of co-operation in assuring 
nuclear power plant safety in the period up to 1985.

1. THE PROGRAMME OF CO-OPERATION OF THE CMEA 
MEMBER COUNTRIES IN ASSURING NUCLEAR POWER 
PLANT SAFETY

The development of the nuclear power industry is playing a growing role 
in resolving the fuel and energy tasks within the CMEA framework, which 
manifests itself in the increasing electric power ou tpu t generated by the nuclear 
power plants o f the CMEA mem ber countries.

The aggregate capacity o f the CMEA member countries’ nuclear power 
plants increased from 1100 MW in 1971 to  over 17000 MW in 1980. At present, 
nuclear power plants are in operation in Bulgaria, the GDR, the USSR and 
Czechoslovakia, w ith the construction o f new power-generating blocks and 
nuclear power plants continuing in these countries. The construction o f a
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nuclear power plant is being completed in Hungary, and preparations, including 
design, are under way to  build nuclear power plants in Poland, Romania and 
the Republic o f Cuba.

The use o f atomic energy as an alternative source o f  energy is becoming 
increasingly widespread thanks to  the experience accumulated in the operation 
of nuclear power plants, which has demonstrated their economic and, above all, 
their ecological advantages over coal. Nuclear energy is regarded as safer and 
“ cleaner” from the viewpoint of environment and population as compared to  
traditional energy sources. On the one hand, the public has been demanding a 
more thorough control, represented by more stringent safety norms and rules 
resulting from a careful study — still under way — of the biological effects of 
radioactivity; and, on the other, the nuclear power industry is one o f the most 
advanced industries, employing highly skilled personnel and strictly regulated 
by state legislation.

However, considering the expanding role and place of the nuclear power 
industry in the generation o f electric power and considering that practical 
studies have already been under way for some time to  cope w ith such issues 
and resolve such problems as the safe and reliable operation o f nuclear power 
plants, it is essential to  assure operation w ithout the hazard o f radiation, to 
assure the prevention o f accidents and elimination o f their consequences as well 
as reliable processing and disposal o f  radioactive waste.

It is natural tha t the problems of assuring nuclear power plant safety have 
been central to the  CMEA m em ber countries’ multilateral co-operation. The 
co-operation in the field o f the nuclear power industry within the CMEA 
framework is based on the use o f  the 440-MW and -  in the future -  1000-MW 
water-moderated power reactors.

Experience o f operating nuclear power plants with water-moderated power 
reactors indicates that these plants have become reliable generators of energy 
with no hazardous impact on man or environment. However, the wide-scale 
utilization of nuclear power plants still poses the need to  broaden measures 
to  assure nuclear power plant safety, i.e. to  improve their capacity to  protect 
the personnel, nearby population and environment from radiation bo th  during 
normal operation and potential emergency situations.

The set o f  problems that m ust be solved to  assure nuclear power plant 
safety was elaborated within the framework o f the CMEA m ember countries’ 
international co-operation by  the CMEA Standing Commissions on the 
Peaceful Uses of Atomic Energy and on Electric Energy in line w ith the 
programme on the problem o f ‘Assuring radiation safety’ included in the 
‘General expanded programme of co-operation o f the CMEA member countries 
and Yugoslavia for the  period up to  1980 in the field o f environmental pro
tection and improvement and related utilization of natural resources’.

In connection with the development of the nuclear power industry, major 
attention is given, first, to  working out the requirements for carrying out
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engineering and technical measures to  assure nuclear power plant safety as the 
chief way o f preventing any deterioration of the radiation situation at nuclear 
power plants or o f the environment as well as of assuring compliance with the 
safety norms and, secondly, to  elaborating the requirem ents and implementing 
measures to  assure the control o f the materials and the equipm ent of the nuclear 
power plants as well as radiation and dosimetric control in the nuclear power 
plant and its environment.

Under the above programme in the field o f ensuring nuclear power plant 
safety, activities are under way in the CMEA member countries in the following 
major fields:

The working out o f the normative and methodological docum entation to  
assure the safety o f nuclear power plants, including radiation safety (the general 
principles for assuring nuclear power plants’ safety during their design, con
struction and operation; the recommended primary conditions governing the 
choice o f the construction site; health and safety aspects to  be incorporated 
in the design and operation of nuclear power plants);

Elaboration o f the technical aspects for assuring safety, including radiation 
safety (the basic provisions for organizing and assuring control o f the main 
m etal and the welded jo in ts o f the equipm ent and the structures during manu
facture, assembly and operation of nuclear power plants, including requirem ents 
for the development of equipm ent);

Elaboration o f the technical operation rules regulating safe and reliable 
operation o f  nuclear power plants;

Elaboration o f measures to  avoid nuclear power plant accidents and to  
eliminate their consequences (classification of nuclear power plant accident 
situations and m ethods for identifying accident-causing factors; the technical 
substantiation for the  structural and operational security o f nuclear power 
plants; requirem ents for environmental protection in cases o f nuclear power 
plant accidents involving radiation, and recom m endations as to  the chief post
accident measures in cases involving the loss of the heat carrier at nuclear 
power plants).

2. MEASURES AND CONDITIONS FOR ASSURING 
NUCLEAR POWER PLANT SAFETY

To assure nuclear power plant safety, a set o f  technical and organizational 
measures is being implemented in the CMEA m em ber countries along the 
following lines:
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(1) Creation of normative docum ents and rules for the design, construction 
and operation of nuclear power plants, including the development of norms
to regulate the technical and organizational measures for ensuring the 
safety required

(2) Elaboration of requirements for the development of reliable 
equipm ent and systems assuring normal operation

(3) Assurance of conditions for high-quality m anufacture and 
assembly o f equipm ent as the basis for operational safety and greater 
reliability

(4) Elaboration of requirements, methods and instrum ents for 
exercising control over the condition of the equipm ent and construction 
materials during operation with a view to maintaining their high quality

(5) Elaboration and im plementation o f effective protective measures 
and devices for preventing accidents, compensating for the disruptions 
which arise and minimizing the consequences of the disruption

(6) Elaboration o f requirements and im plem entation of measures 
for the development of the localization systems preventing the spread of 
radioactive material in case of an accident

(7) Im plem entation o f technical and organizational measures to 
assure observance o f the safety requirements at all the stages o f design 
and m anufacture of the  equipment, construction, assembly and putting 
in operation as well as utilization and repair o f the nuclear power plants

(8) Elaboration o f rules for technical utilization, regulating the 
normal and safe operation o f  nuclear power plants

(9) Assurance of training of highly skilled personnel, including 
experienced operational personnel.

3. ELABORATION OF NORMATIVE-METHODOLOGICAL
DOCUMENTS TO ASSURE NUCLEAR POWER PLANT SAFETY

Elaboration of docum ents on the assurance of safety is carried out in 
different CMEA bodies on the basis of comparison and generalization o f the 
experience accumulated in the development, design, construction and operation 
o f nuclear power plants; it relies on the relevant legislative and normative 
docum ents and materials already in existence in the CMEA member countries.
In the elaboration o f docum ents on the assurance o f safety, account is also 
taken o f the experience and achievements of other countries as well as the 
relevant publications and docum ents elaborated by the IAEA and other 
international agencies.

The docum ents for the assurance o f nuclear power plant safety being 
elaborated within the CMEA framework have the nature of practical instruc
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tions which are either directly utilized in the CMEA member countries or are 
taken as the basis in the elaboration of relevant national documents.

Listed below are the m ost im portant normative-methodological CMEA 
documents concerning the assurance o f nuclear power plant safety.

3.1. General provisions for the assurance of safety of nuclear power 
plants during their design, construction and exploitation

In connection with the construction and exploitation of industrial nuclear 
power plants what is needed above all is general safety requirements based on 
uniform principles governing the design, the procedure of acceptance for 
start-up, the assurance o f security in the process of utilization, etc. These 
general requirements have been laid down in the ‘General provisions for the 
assurance of nuclear power plant safety ...’ which thus constitute the basic 
normative docum ent providing for a mutually co-ordinated im plem entation of 
the relevant technical and organizational measures to  assure nuclear power plant 
safety at all the stages of development and operation. The docum ent contains 
organizational and technical requirements to be met by nuclear power plants 
as a whole and their individual components, compliance with which is a sine 
qua non for assuring nuclear power plant safety. Criteria are form ulated for 
nuclear power plant safety and organization o f control is specified for the 
observance of safety measures. The ‘General provisions’ lay down that nuclear 
power plant safety is assured by careful m anufacture o f the devices assuring 
normal operation, the m ost stringent control of quality during the m anufacture, 
repair, reconstruction and putting the equipment in operation; by supervision 
and periodic checks on the condition of the equipm ent in operation; by 
implementing a system o f preventive ‘anti-accident’ measures at all the nuclear 
power plants; provision of protective and localizing devices; the choice of 
favourable natural conditions for the location of the station, the choice of a 
necessary ‘sanitary cordon’ away from major urban centres; the correct utiliza
tion o f  the power plant; as well as elaboration and im plem entation o f  an 
accident-prevention plan on the plant’s site and the surrounding area.

The safety criteria provide the basis for elaborating detailed specific 
normative docum ents laying down the safety requirements and the m ethods of 
ensuring nuclear power plant safety.

Among the safety criteria included in the docum ent m ention should be 
made of:

The requirem ent to  assure safety despite any single failure in the normal 
devices in operation, which can coincide w ith an undetected protracted 
failure of another device
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The requirem ent that in the creation of the overall scheme of the failure 
prevention and localization, consideration should be given, not only to 
the failure o f the normal operation device, but also to  the potential 
m alfunction or failure o f any single one of the independent active protective 
or localizing devices.

The docum ent lays down the safe limits o f utilization as well as the currently 
accepted notion of ‘maximum possible accident’ -  the bursting or rupture of 
piping which is the m ost dangerous accident because of its radioactive consequences.

3.2. Classification of accident situations in nuclear power plants

In analysing the problems o f safety and classifying the accident situations 
at nuclear power plants, it is advisable to  divide the latter’s devices and systems 
into three groups having different functions:

The devices of normal utilization, including systems and equipm ent 
indispensable for normal nuclear power plant

Protective systems including components and equipm ent needed to  prevent 
the failure o f normal operational devices or to  limit damage to  them  in a 
disruption o f a normal sequence of technological processes caused by 
errors in operation or by an equipment failure

Localizing devices, including systems and equipm ent limiting the spread 
o f radioactive material.

In the process, attention  is given especially to means for limiting the 
scale o f a possible accident, i.e. the creation o f reliable means of protection.

Much attention  is being given to the development of means for localizing 
the radioactive fission products inside the nuclear power plant.

To assess an accident situation, use is made o f an analysis o f the con
sequences o f the possible hypothetical accidents to  the nuclear power plants.
In this process, it is advisable to  analyse a relatively small num ber of accidents 
which, however, are accompanied by substantially differing consequences calling 
foT different solutions.

The experience accumulated in the design and operation of the nuclear 
power plants w ith water-moderated reactors in the CMEA member countries 
makes it possible to  propose five classes of accidents connected w ith the loss 
of the heat carrier o f the primary circuit:

1st class accident involving a bursting or a rupture of a maximum 
diameter piping accompanied by a partial melting of the active zone
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2nd class accident involving a burst in the piping of the primary circuit 
causing a depressurization o f the fuel rods

3rd class accident with the bursting of the primary circuit piping when 
leakage is compensated for by the available means o f compensation and is not 
accompanied by depressurization of the fuel rod shell

4th class accident involving leakage in the equipm ent of the primary 
circuit with water em itted at high tem perature (over 100°C)

5th class accident involving leaks in the primary circuit w ith water 
em itted at lower tem perature (less than 100°C).

The experience accumulated in the design and m anufacture o f the protective 
systems, and, above all, o f reliable and powerful means for emergency cooling 
o f the active zone, the reliability of the system’s elements, as well as experiments 
studying emergency cooling processes, indicate tha t melting of the fuel rods is 
practically excluded in an accident, i.e. 1st class accidents can be excluded.

3.3. Environmental protection requirements in the case of
accidents and elaboration of measures to prevent accidental 
discharges a t nuclear power plants

Proceeding from the assessment th a t the greatest potential danger of possible 
radiation influence.on man is posed by the operation regimes o f nuclear power 
plants differing from normal regimes and having to  do w ith unplanned possible 
discharge into the nuclear power plant premises or into the environm ent o f a 
substantial am ount of radioactive substances, measures have been elaborated 
assuring prevention o f accident situations at nuclear power plants and elimina
tion o f their consequences. In this connection, the analytical and experimental 
data have been generalized on the basis o f the discharge values o f radioactive 
products at nuclear power plants in accident situations. The results obtained 
are based on an analysis o f  the present status of knowledge w ith regard to  the 
processes o f the spread o f radioactive products in specific conditions.

In accordance with the previously considered ‘Classification of accident 
situations at nuclear power plants’, a docum ent was elaborated entitled 
‘Data on the scale o f  the losses o f the heat carrier o f the nuclear power plant’s 
primary circuit in accidents o f each o f  the five classes’, which provides a 
generalized account o f the present status o f the calculation models and pro
grammes for analysing accidents involving loss o f heat carrier. It has been 
established tha t there is quite a lot o f inform ation on the progress and the 
consequences o f accidents involving loss of the heat carrier; there are, however, 
im portant divergences between the results obtained in different countries, which, 
on the basis o f comparison o f the calculation m ethods employed in different 
CMEA member countries, pose the need for elaborating an agreed methodology 
for calculations.
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Besides the above-mentioned work, the co-operation has also resulted in 
the elaboration of ‘Requirements with regard to  environmental protection in 
the case of accidents involving radiation at nuclear power plants w ith water
moderated power reactors and recommendations on the main measures following 
the radiation accidents involving the loss o f heat carrier at nuclear power plants’. 
The requirem ents represent a list o f the basic measures designed to  lim it the 
radiation load and to  assure the protection o f the nuclear power plant personnel, 
to rescue and assure the treatm ent o f the persons affected, to  eliminate the 
consequences of the accident, to  restore control of the nuclear power plant 
as well as to  assure the accident-prevention training o f the personnel.

In the light o f the need to  assure protection of the environment and, 
mainly, of the population in the cases of nuclear power plant accidents 
involving radiation, questions are being considered concerning which major 
measures should be embarked on in the case of an accident, the substance of 
these measures and organizational aspects pertaining to  the protection of the 
population.

A prom inent place in the decision-making process is assigned to  the 
establishment of so-called ‘levels o f action’, i.e. of the levels of irradiation 
whose surpassing signals the need to  embark on implementing a set o f definite 
measures. Besides substantiating the feasibility of a uniform single approach 
to  the establishment of the ‘levels of action’, an analysis is made in each 
particular case o f the inform ation needed for taking a decision, and a classi
fication o f measures is provided, including immediate, subsequent and 
additional measures. A point o f departure or a criterion for embarking on a 
particular set o f  urgent measures is the rapid assessment o f the radiation 
situation, i.e. an urgent assessment of the individual and collective dose in the 
nuclear power plant environment with the use of indispensable inform ation on 
the quantity  of the products discharged and their isotope composition, on the 
nature o f the accident, the meteorological conditions, etc.

Co-ordination of population-protection measures in a radiation accident 
at a nuclear power plant is assured on the basis o f the organizational and 
administrative measures prepared in advance, helping to  dovetail the plan for 
accident elimination measures w ith the agreed actions of the state bodies and 
organizations. One must also include here the need to  co-ordinate the rules 
and routes for rapid inform ation o f the central state organs and com petent 
bodies of the  neighbouring countries about a nuclear power plant accident.
The ‘Requirements’ m entioned are being utilized in the CMEA mem ber countries 
in carrying out activities to assure environmental protection within the national 
boundaries.
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Considering the need and im portance for elaborating a uniform approach 
for tackling the tasks o f radiation m onitoring of the environment, a num ber of 
analyses and methodological docum ents have been elaborated within the CMEA 
framework, a central place among which is assigned to  the general docum ent 
entitled ‘Recommendations on dosimetric control in the areas o f the location 
o f nuclear power plants’. The recom m endations are intended for m onitoring 
and design organizations and provide the basis for the elaboration o f concrete 
programmes o f dosimetric control.

The aim o f dosimetric control is to  obtain inform ation making it possible 
to assess the doses o f external and internal radiation for individuals exposed 
and levels o f environmental pollution in connection with radioactive material 
discharges from  nuclear power plants in operation. Hence, the tasks o f dosi
metric control presuppose identification of ‘critical isotopes’, assessment of the 
radiation exposure involving identification o f critical population groups, and 
obtaining inform ation on environmental radioactivity w ith the use o f data 
obtained by actual measurements or through calculations.

The ‘Recommendations’ provide a brief description of the nuclear power 
plant as a source o f radioactive contam ination of the environment, qualitative 
indications as to  the composition and the state of radioactive materials in the 
radioactive discharges o f nuclear power plants according to  their origins and 
how they penetrate the environment as well as according to  their biological 
hazards. Organization and m ethods o f exercising control over the radiation 
situation in the area of the nuclear power plant include above all the determ ina
tion o f the scope of, and elaboration o f a programme for, dosimetric control.
In the process, one o f the basic questions in the compilation of the above pro
gramme is to determ ine the size o f the zone to  be covered by observation.

On the basis o f experience, concrete recom m endations are made with 
regard to  the size o f  the observation zone, the approxim ate distance from the 
nuclear power plant chimney-stack to  the observation posts, m easurement of 
gamma-background in the locality, the position of the installations for taking 
air samples as well as recom m endations on the system for determining the 
radioactivity o f  the fall-out, the soil, the vegetation and the water courses. A 
tentative programme is provided for dosimetric control o f environment in the 
area o f  the nuclear power plant location, indicating what is to  be checked for 
individual isotopes or irradiation, the am ount o f background radiation from 
global fallout as well as the tentative frequency o f sample-taking or measurements 
and a tentative quantity  o f observation points. The above tentative programme 
can provide the basis for working out a programme for dosimetric control of 
nuclear power plants in the national frameworks of the CMEA m ember countries.

3.4. Radiation m onitoring of the environment



470 STREHOBER

Within the framework o f national environmental monitoring, national 
programmes are being pursued to  study the radioactivity o f the Danube river, 
and some o f their findings are included in the annual report on the radiation 
situation in the Danube basin.

The studies are being conducted according to  an agreed m ethodology for 
the assessment o f radioactivity o f waters, river-bed sediments and hydrobiotas 
and according to  an agreed scope, frequency and comparability of studies 
conducted within the national framework. Within the framework o f co-operation, 
special m ention m ust be made of a scientific expedition o f specialists from 
the CMEA m ember countries to the Danube to study the river’s radioactivity.
The collective im plem entation o f the planned programme has resulted in the 
elaboration o f a consolidated report on the results o f the expedition which made 
it possible to  conclude that the levels o f radioactivity o f both  the individual 
com ponents o f the river and o f the Danube as an individual comprehensive 
ecosystem correspond to  the values characterizing the surface-flowing water 
courses and are conditioned by the presence o f natural radioactive substances 
as well as that o f radionuclides o f global origin.

A similar place within the framework of environmental radiation control 
is assigned to  the programme of annual studies of radioactivity o f the Baltic 
sea and its coasts. The programme also aims at achieving a uniform ity in the 
scope and periodicity o f studies carried ou t on the national level in the GDR, 
Poland and the USSR. The studies provide tne basis for working out an overall 
annual report on the levels o f radioactive pollution of the Baltic sea.

4. THE MAIN DIRECTIONS OF FURTHER CO-OPERATION

In tackling the tasks of ensuring nuclear power plant safety, the main 
attention in the future will continue to be paid to  implementing engineering 
and technological measures o f assuring safety as the key factor, excluding the 
possibility o f a deterioration o f radiation safety at nuclear power plants and in 
the environment and taking account of all the requirem ents for the observance 
of the norms and rules o f  radiation safety, as well as to  monitoring measures, 
including m onitoring the condition of the main m etal and equipm ent o f the 
nuclear power plant, monitoring the population and environment, taking 
samples o f air, water, and soil and performing other types of checks.

On the basis o f an analysis o f the activities carried out and taking account 
of the development o f the nuclear power industry and the use o f atomic energy 
in the different sectors of national economy, in order to  assure safety via 
economic, scientific and technological co-operation of the CMEA member
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countries up to  1990, the following main directions of activity have been laid 
down:

Elaboration and review of the main normative and methodological 
docum ents in the field of radiation safety

Elaboration and review of normative docum ents on nuclear power plant 
security and im plem entation o f measures o f environmental protection in 
the electric power generation by nuclear power plants

Experimental study o f questions of safety, elaboration or programmes 
for an analysis of the accident processes and the pursuit of calculation on 
accident regimes

Elaboration of uniform norms and requirements for the production and 
operation of power-generating equipm ent and materials for nuclear power 
plants, including uniform  requirem ents w ith regard to  reliability and 
quality

Assurance of radiation safety in the nuclear power industry, especially 
in connection w ith the location o f nuclear power plants in densely 
populated areas

Assurance o f radiation safety in the disposal and burial of radioactive 
waste

Elaboration of criteria and tackling the problems o f security o f nuclear 
thermal electric power stations and heat-supply nuclear power plants

Assurance o f radiation safety in connection w ith the location o f nuclear 
thermal-electric power stations and heat-supply nuclear power plants 
in densely populated areas

Elaboration of m ethods and programmes for the study o f the physical 
problems o f safety of fast-neutron power reactors

Design and experimental studies on the assurance of safety o f fast reactors 
with different heat carriers.

The deepening and expansion of the CMEA member countries’ m ulti
lateral co-operation in selected directions in the field o f assuring nuclear power 
plant safety w ith a view to  elaborating uniform  approaches and criteria in
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arriving at agreed principles for the nuclear and radiation safety of nuclear 
power plants constitute a prerequisite for a broad utilization of nuclear power 
in the national economies o f the CMEA member countries. In the process, 
problems of co-operation in the field of nuclear power industry will continue 
to  occupy a prom inent place in the activities o f the Council for Mutual Economic 
Assistance.
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INTRODUCTION

Nuclear safety is an item that requires international co-operation, since 
nuclear power plants are often developed in one country and constructed 
and operated in another. Moreover, operating experience w ith a power plant 
and related safety research in one country are im portant to all other countries 
which use the same or related types of reactors. The world-wide distribution 
of the Three Mile Island accident inform ation was a good example of exchanging 
such inform ation.

International organizations play an im portant role in the nuclear safety 
field, particularly in the dissemination of inform ation and in the co-ordination 
and performance o f safety research. Mr. Rosen’s presentation (IAEA-CN-39/9.1) 
preceding the panel shows how the IAEA has strengthened and expanded its 
programme to  prepare and issue safety guides and standards. The IAEA also 
conducts advisory missions in nuclear power regulation and safety. New initia
tives are in progress to  intensify international co-operative safety efforts 
through the exchange o f inform ation on safety-related operating occurrences, 
through a more open sharing of safety research results, and through steps 
towards effective emergency assistance.

The panel dealt with the following questions:

•  Sharing of safety experience in general
•  The role of regional and international organizations
•  The role o f  jo in t projects in improving nuclear safety
•  Improvement of the dissemination o f research results and operating 

experience
•  The role o f  utilities and suppliers in international co-operation.
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The first three items o f the panel’s programme were covered in the 
introductory presentations and statements subm itted. In the presenta
tion by Mr. Stadie the various possibilities of international cooperation were 
introduced. Safety and environmental protection are not only universal common 
goals, bu t o f very practical concern. In the region o f the Organization for 
Economic Co-operation and Development (OECD), for example, every fourth 
reactor is within 40 km of an international border. (This factor was also 
discussed in panel IAEA-CN-39/8.4, International Emergency Assistance, and 
in session A3.) There is also an economic incentive for international cooperation, 
in particular with regard to safety research. The need for the most effective use 
of limited resources and expertise to  solve present and future problems and 
regain public confidence was underlined by several speakers.

Two alternative ways o f international co-operation were compared:

(1 ) Direct co-operation between countries. This can be a relatively simple 
and efficient way o f sharing hardware and software expenses, of managing 
and correcting a project, and o f sharing results. Frequently, one of the 
countries takes the lead in such a project. With this bilateral type of 
approach a difficulty may arise if lines of comm unication are not clearly 
defined. In addition, results o f the research done under this type of pro
gramme may no t be readily available to  other interested parties.

(2) Co-operation through international organizations. This approach offers 
advantages, if the  subject of research is of interest to  many M ember States, 
and if the results, o f tha t research can be codified, for example, in the 
form of minimum safety requirements. The international organizations 
can also provide co-ordination, management, and comm unication facilities, 
and can act as impartial arbiters if necessary. Reaching a broad consensus 
on programme priorities, however, can be difficult.

Representatives of the international organizations appeared to  prefer the 
second mode of co-operation, particularly for achieving harm onization of 
nuclear safety regulations and standards.

Mr. Seipel emphasized in his remarks the advantages of jo in t projects on 
a bilateral or multilateral basis over national programmes. Examples o f jo in t 
projects are Marviken, Halden, Loft, and above all the large common research 
project on loss-of-coolant accidents undertaken by the USA, Japan, and the 
Federal Republic of Germany. (This subject was also covered by Mr. Tong in 
paper IAEA-CN-39/99, session A7.) Some inflexibility or administrative red 
tape, however, has to be expected on such projects, just as in the case of 
research through the international organizations. It was Mr. Seipel’s recom-

PRESENTATIONS AND DISCUSSION
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m endation that the joint-project approach and the work with international 
organizations should be pursued in a complementary way.

Mr. Strehober, from the secretariat o f  the Council for Mutual Economic 
Assistance (CMEA), first described briefly in paper IAEA-CN-39/9.2e the role 
that nuclear power plays in the CMEA countries. About 17 000 MW(e) of nuclear 
power are now available in four CMEA countries. The programmes are expanding 
rapidly in these countries and in three additional ones, not only for economic 
reasons bu t because nuclear power generation is perceived as environmentally 
more acceptable than generation based on coal. The expansion is based on the 
440-MW(e) plant o f the  WWER type, and later it will be based on 1000-MW(e) 
units.

From the beginning, safety has been a primary concern o f the CMEA in 
the design and operation o f its nuclear power plants. Increasing co-operation 
and division o f work is devoted to safety research and to  establishing common 
high safety standards for m anufacturing in the member countries. The primary 
objective is to  improve radiation protection for the operating staff and the 
public under all conceivable conditions in an expanding nuclear pow er pro
gramme. Areas o f  particular emphasis in the CMEA programme are:

Development o f standards and procedures
Development o f materials and m anufacturing m ethods for safety-grade 

equipm ent 
Operating experience and procedures 
Engineered safeguards
Localization o f leaks, and containm ent of radioactivity leaks 
Siting requirem ents for power plants and heating plants 
Waste disposal.

Examples for co-operative safety research programmes within the CMEA 
were given by Mr. Stekolnikov as follows:

In the USSR, a WWER safety research reactor is being built jo in tly  with 
Poland. It includes 18 fuel elements, which will be used for full-scale 
testing o f design basis accidents, in particular w ith regard to  fuel behaviour 
as a function of fuel history, and to  verification of emergency core cooling 
as a function of break-size.

In Czechoslovakia, transients, the influence of changing prim ary system 
parameters, and the influence o f flow parameters on emergency core 
cooling and pressure propagation processes are being explored experi
mentally and analytically; brittle fracture o f steels is also being investigated.

In Hungary, scientists and engineers are studying structural defences 
against external events.
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The results of these programmes are being made available to all CMEA 
partners. For the USSR, as the principal supplier to the other CMEA countries, 
it is considered a m atter o f technical assistance to  pass on the m ost advanced 
safety requirem ents and safety findings in the export o f nuclear power plants. 
The policy is implemented, for example, by requiring that exported plants 
comply w ith the standards of the USSR and also by assistance from USSR experts 
at all stages of the power plant realization (see paper IAEA-CN-39/9.2c).

In the “ General Provisions for the Assurance of Nuclear Power Plant 
Safety” , a harm onization of CMEA regulatory practices is developed. It is 
based on existing standards and criteria o f member states, bu t it also takes 
into consideration international practices outside the CMEA, and IAEA codes 
and guides. Regulations developed in common are either adopted directly by 
member states or implemented through corresponding legislation. An im portant 
harm onization has already been achieved in manufacturing, and in the  CMEA 
criteria for safety system classification and accident classification.

The activities of the Commission o f the European Communities (CEC), 
and its long tradition of co-operative research were briefly summarized by 
Mr. Vinck (IAEA-CN-39/9.2d). The activities of the Joint Research Centre of 
Ispra and projects such as the LOBI blowdown tests were given as examples of 
close international co-operation in nuclear safety under the direction of the 
CEC. Mr. Vinck also brought out some aspects o f international co-operation 
that have political implications. In particular, he felt that harm onization of 
nuclear safety regulations could convince the public that the m ost advanced 
state-of-the-art in the nuclear safety has been adopted. The Three Mile Island 
accident and its evaluation should have helped to harmonize regulation, both 
from the standpoint of philosophies and criteria and on the level o f adequate 
technical solutions. However, not enough progress has been made in this 
direction world-wide.

The European Com m unity Council o f Ministers adopted a resolution in 
1975 which calls for harm onization efforts at the technical level, whereas 
administrative and procedural aspects are to be covered by individual nations. 
The technical harm onization would not only advance the knowledge and level 
of reactor safety and eliminate market restrictions bu t it would also facilitate 
technical co-operation and technology transfer from a few supplier countries 
to  a growing num ber o f developing countries. The careful setting of quantitative 
safety goals was felt to  be part o f this effort. In this context close co-operation 
with the IAEA Nuclear Safety Standards (NUSS) programme and the ISO/TC 85 
activities of the International Organization for Standardization is a prerequisite.

The two industry participants commented on the views expressed by 
international organizations and government representatives. Mr. Palmgren, 
representing a utility  in Finland, pointed out how im portant it is to  a small 
country that research results and research resources be shared. He also empha
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sized the im portance o f the development o f skills and trained m anpower to  
assure that there is safe operation and that safety inform ation can be com
prehended. This will be much more difficult than to provide three years of 
training for a reactor operator; it could take as much as 20 years to  build up 
a metallurgical or chemical school th a t will be good enough to  support the 
nuclear programme. Co-operation will be needed to  provide this training.
Mr. Palmgren also attached great im portance to  the need for a consistent 
approach in nuclear safety decision-making, in order to  obtain public acceptance. 
Finally, he maintained that international co-operation in nuclear safety could 
be better served by revising and correcting existing programmes than by inventing 
new ones.

Supporting some of the comments made by the representatives of the 
USSR and the CMEA, Mr. Wilkins, a representative from a supplier in the 
United States, suggested that plant suppliers should draw an effective first line 
of defence in plant safety by organizing an exchange o f safety experience among 
their international customers. His company has resident engineers at many 
operating plants, sends out service inform ation letters describing events and any 
necessary corrective action, encourages plant-to-plant direct com m unication 
through a bi-weekly operating report, holds plant owners’ conferences once a 
year, and has in reserve special task forces who are on call by means o f a round- 
the-clock comm unication system. Mr. Wilkins saw the role o f the international 
organizations as supplementary to  efforts of this type, and on a broader scale.

In further discussion o f the above subjects, the panel members made the 
following additional points:

International organizations can help in clarifying the risks to  the public 
from the nuclear power option.

Small countries or organizations can participate in jo in t safety research 
projects by carefully selecting small portions of the programme which 
suit their capabilities; the same holds true for developing countries.

International organizations should provide support to  decision-makers, 
with consistent and harmonized positions on nuclear safety.

Safety philosophies, such as the approach to  class-9 accidents (see also 
panel IAEA-CN-39/6.7), are not as divergent as sometimes felt, bu t they 
are sometimes misrepresented or not compared in detail because of 
superficial, unim portant differences (this point was also borne out in 
paper IAEA-CN-39/2.3).

In the audience discussion, a question on the role of international organiza
tions in informing the public (Mr. David, USA) was answered in different ways.
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Mr. Seipel felt tha t public confidence could best be restored if all organizations, 
national and international, would tell exactly what they do, their objectives, 
their actions, and their future plans. Mr. Vinck, however, felt that public 
concerns should mainly be answered close to  home, i.e. nationally. A nother 
question concerned nuclear liability insurance on an international scale, but 
this was considered to  be outside the scope o f the panel, since nations are 
either reducing such liabilities or are planning to  put them in private hands.

A question was also raised concerning participation of the small developing 
countries in co-operative research programmes on nuclear safety in instances 
where they might not be able to make full use of the results commensurate 
with the cost and effort o f their contribution. Mr. Stadie suggested tha t the 
costs should be shared in proportion to  each country’s gross national product, 
but that the results should be available to  all. In a final question, the public 
acceptance item was picked up once more with a proposal from the floor 
(Mr. de Haas, USA), for a scale over six orders of magnitude, which would illu
strate the low risk from a nuclear power station. It would show graphically 
that an accident would have to be of major proportion (very low probability 
event) and the release of radioactivity many orders o f magnitude higher than 
normal, before the surrounding population would have to  take protective action.

SUMMARY

Nuclear safety is helped by international co-operation through the sharing 
of resources, expertise, and costs. Three levels o f co-operation were identified:

Industrial co-operation among suppliers, utilities, and sub-suppliers 
Bilateral and multilateral government agreements, involving regulatory 

organizations, research centres, and corporations as needed 
Regional and international organizations.

There was agreement that these levels o f co-operation are all needed and 
should complement each other. With respect to  international co-operation, 
the following points were made:

It can play an im portant role in preparing decision-makers and politicians 
to  harmonize their nuclear strategies, regulatory requirements, and environ
m ental protection bo th  regionally and world-wide. The CMEA already 
has significant activities in that direction.

The practicality of a jo in t research project was seen by one speaker to  be 
connected in some degree w ith regional similarities in approaches to safety 
and plant design.
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Possibilities for small countries and developing countries to  participate 
in jo in t projects with supplier countries were emphasized.

All resources and modes of co-operation have to  be mobilized in the 
future to  maintain the viability of the nuclear option.

A review and improvement of existing programmes for international co
operation could be more useful than inventing and institutionalizing new ones.

With respect to  increasing public acceptance of and public confidence in 
nuclear power, the following measures were considered to  be most im portant:

A broader consensus on the resolution of safety issues, to  be reflected 
in internationally accepted standards and criteria.

Truthful and understandable explanations of nuclear safety objectives, 
activities, and future plans for each national and international 
organization.

A consistent and clear approach to  nuclear power by politicians and 
decision-makers based upon the expertise and recom m endations of 
national and international organizations.
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INTRODUCTION

The objectives of the panel were to  discuss the needs for assistance to 
developing countries in the nuclear safety field; to  identify the sources for these 
needs, the difficulties faced in the past, and the strategies to  be followed for 
future improvement.

The meeting started with a statem ent by the chairman: at present there are 
eleven nuclear power plants operating in six developing countries, and they produce 
3.6% o f the total world power. Within five years 44 nuclear power plants in 
16 developing countries will produce 7.2% of the total world power. Thus the 
problem o f nuclear safety in developing countries is increasingly im portant, even 
if only from  the standpoint of the num ber of units and the am ount of nuclear 
power produced.

DISCUSSION 

What are the needs?

The panel discussion focused first on identification o f the specific needs of 
developing countries for assistance in the field o f nuclear safety.

These needs vary from country to  country, depending on the local social and 
economic situation and the stage o f development o f a project. For a country 
starting on its first nuclear power plant, a partial — bu t by no means complete -  
list o f minimum needs would include the following:
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(1) A t the pre-construction stage

Assistance in siting, particularly for site survey and for solving problems 
related to  geology and seismology

Assistance in the preparation o f technical specifications for bids

Training o f the utility personnel who will supervise the construction, 
and of the regulatory personnel who will issue the siting and construction 
permits

Assistance in developing local standards, or in the study and adoption 
o f IAEA standards

Assistance in the technical revision of bids, and in the evaluation of 
safety and environmental reports

Training o f the staff who will perform the design review, operate the 
plant, perform  in-service and quality assurance inspection, and issue 
the plant licence to  operators

(2) A t the construction stage

Assistance in solving problems related to  newly developed safety 
issues •

Assistance in the review o f the safety analysis report, in answering 
questions raised by the regulatory body, and in preparing lists o f spare 
parts

Assistance in emergency planning, including preparation o f emergency 
procedures

(3) During the operation phase

Assistance in retraining operators, performing particular in-service 
inspections for equipm ent requalification, and solving new licensing 
issues

Assistance in waste disposal problems.

Assistance to the regulatory bodies — a special problem

The authority  o f a regulatory body should derive primarily from its high 
technical competence, and only secondarily from the enforcem ent o f the law. 
Therefore, extensive training o f the regulatory body’s personnel is essential. The 
first need is for theoretical training of the classroom type, and this is provided 
by university courses and through specialized courses given by the IAEA.
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Practical training is then needed, and this is provided mostly by bilateral 
agreements through which trainees are attached to  teams in developed countries 
who are performing the type o f work which the trainees will later perform  in 
their countries. Training on simulators or at plants similar to  those where they 
will work is also needed, and can be obtained from the supplier or through 
bilateral agreement.

The most im portant ability which a trainee must develop is that o f reviewing 
the site and safety analysis reports. This training can partly be accomplished by 
attachm ent to  the supplier o f the plant, which can be done under the terms of 
the contract. The rem ainder must be obtained through attachm ent to  the 
regulatory body and to  the operating organization of the supplier country. For 
this training, a contractual link does not exist, but it is vitally im portant.

For the regulatory body in developing countries, ‘know-why’ is more im portant 
than ‘know-how’

Although some outside assistance is available, the ultim ate responsibility for 
licensing a plant will be with the developing countries themselves. Therefore, 
not only transfer o f  inform ation on how systems are made and work (‘know-how’) 
is necessary, bu t the bases of the solution o f fundam ental safety problems (‘know- 
why’) must also be communicated.

Transfer o f technology

A panel member outlined some o f the problems involved in transfer o f safety 
technology. A basic problem is that the supplier countries with their advanced 
development often have difficulty in understanding the needs o f a developing 
country and its social and intellectual environment.

Rather than a passive transfer o f inform ation, a good relationship is an 
active one in which the developing country’s experts receive, absorb, criticize, and 
adapt the inform ation received. This can only occur if  the gap in understanding 
between trainer and trainee is not too great. Where the gap is large, more 
effective help can possibly be given by another developing country which has 
itself recently faced similar problems and has developed m ethods to  overcome 
them.

Such an exchange between developing countries will likely be an active one, 
based on mutual understanding o f  the development level, and frequently w ithout 
barriers of language or geography.

The statem ent tha t the best means o f achieving safety is to  receive 
inform ation from an equal-status partner (i.e. an interchange between developing 
countries) was questioned by some members of the panel. It is essential to  absorb 
the most recent results o f safety research and analyses o f abnormal events; these
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would not be obtainable if interchanges were limited to  developing countries.
Thus, although inform ation exchange between developing countries is very 
im portant in facilitating the first stage of training, it would be unsuitable to  use 
only this type o f exchange.

The need for co-operation within a developing country

The panel emphasized the need for intensive exchange of inform ation 
between the various organizations in each developing country. Exchanges between 
the regulatory body and the applicant, the regulatory body and universities, the 
industry and each o f these parties, are im portant for obtaining the convergence 
of all efforts towards the common goal of ensuring safety -  and the effort needed 
to attain this in a developing country is enormous. In the opinion of one panel 
member, if the developing country cannot afford these necessary efforts, it would 
be better not to  go nuclear.

Partnership with suppliers

Training of regulatory personnel and of operating organization personnel, 
standards, and safety reports, can be supplied to  developing countries. An expert 
from a supplier organization added that the authorities in a developing country 
would be given the same inform ation, including proprietary inform ation, that 
would be given to  their own regulatory authorities. “ What we do in our country 
for ourselves” , said the expert, “ we will do in your country for you. We will be 
equal partners” .

The responsibility of the supplying country extends beyond supplying the plant

Another expert from a supplier in a developed country warned o f the 
danger of a ‘sell-and-run’ approach under which a supplier builds a plant and 
then disappears. It was repeated that supplier countries should deal with 
developing countries on an equal-basis partnership. It is particularly im portant 
that suppliers prepare the developing country to  face the operating stage, when 
it alone will be responsible for inspecting the plant, operating and maintaining 
it, and coping with emergencies and abnormal events.

The nuclear power plant should not be an island of advanced technology 
w ithout sufficient industrial infrastructure. A staff o f experienced personnel 
needed for maintenance of the plants should be formed in advance; they could 
also be available for use in high-technology commercial companies. For the 
developing country to  be able to  contribute part o f the supply o f equipm ent is 
not only a m atter of national prestige, it could be im portant for the safe operation
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of the plant when built. An expert from a supplier pointed out that the ultim ate 
target for a forward-looking supplier should be to  help the people in developing 
countries to  design and build their own reactors.

It was observed tha t most assistance now comes from the supplier, but 
there are o ther resources which can be tapped. Additional assistance could come 
from organizations in a developed country which operate similar plants, or from 
a regulatory body. These links should be improved and could perhaps be 
institutionalized through wider bilateral agreements.

“ Get the architect-engineer out of business, do gradually more and more of his 
work yourself. This will enhance safety” , said the architect-engineer expert

The point of view of an architect-engineer was then presented. He claimed 
that for increasing safety the services of an architect engineering company are 
essential; these include safety analysis, design review, quality assurance 
programmes, and start-up assistance. However, these services are costly; foreign 
consultants are expensive and appear particularly so to  the regulatory body of a 
developing country, which has considerably less means than does the operating 
organization.

This speaker pointed out that it was im portant to  recognize what architect- 
engineers can and can’t do. He said, “ We can do work for them, but we do not 
approve the site and the design; we do not release the licence” .

However, to  perform these actions, the regulatory body must have a good 
understanding o f the basic safety aspects o f the plant. This is an im portant part 
of the knowledge which a good architect-engineer has. To improve safety, the 
developing country as a whole, and the regulatory body in particular, should 
have as a goal to  take the architect-engineer, not the supplier, out o f business. 
Moreover, for many developing countries this goal is more reasonable than that 
of producing the sophisticated equipm ent for the various systems o f a nuclear 
power plant.

Do no t criticize the level of safety; help to  solve the safety problem

One speaker observed that the level o f nuclear safety in developing countries 
is often criticized by developed countries. He believes that the criticism is 
abundant, non-specific, and often unfounded. However, when these same 
developed countries are asked for help in evaluating a situation o f  suggesting 
solutions, the assistance they provide may be scarce, non-productive or too  costly. 
This can result in exactly the lack of communication or unexpected reactions 
which can jeopardize safety.
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International co-operation — all countries need it — few countries are self-sufficient 
in nuclear safety

The discussion then turned to  the international organizations that can help 
the developing countries. The most active of these is the IAEA. It provides 
expert assistance in the safety aspects o f nuclear power plants for much longer 
periods (up to  two years is no t unusual) than for any other programme in the 
nuclear field. This assistance is particularly oriented towards the developing 
country’s regulatory body, which usually faces difficulties in meeting the expense 
it must incur to  obtain consultants.

The IAEA is developing standards which can be used as a frame o f reference 
for safety. It organizes training courses, which are held at Argonne, Karlsruhe, 
Saclay, and Madrid. Others are held on a regional basis, such as the recent one in 
Korea. Currently two courses are being held on regulatory aspects o f  nuclear 
power plant safety and on quality assurance organization. Five courses are planned 
for 1981 -  radiological protection in France, siting at Argonne, NPP operational 
safety in Karlsruhe, radiation protection in Buenos Aires, and safety analysis 
report review at Argonne.

The IAEA also sponsors on-the-job training for experts from developing 
countries, arranging for them  to be attached to  teams working in developed 
countries. It also arranges for missions o f experts who work in a developing 
country for a few weeks, giving assistance on general aspects o f  safety or in solving 
specific safety problems faced by that country. It would be helpful if  this 
programme could be expanded, as many countries need assistance, and only a few 
are self-sufficient in nuclear safety; but the programme is limited by a shortage of 
funds. For those facilities which use fuel supplied by the IAEA, there are, as 
required by the Agency’s Statute, inspections to  ascertain that safety standards 
are properly applied.

Strategies to  improve the situation

The panel concluded with a discussion o f how the transfer and the receptivity 
of safety technology could be improved. The need for assistance on specific 
technical subjects, rather than missions on generalities, was emphasized.

The specific aspects o f nuclear safety assistance for countries which are at 
the start of their nuclear programme were considered worthy o f special con
sideration. Training in these countries should start very early, at least three or 
four years before the site survey is begun. The need to  train people and to  keep 
them  on the job for which they are trained was indicated as one o f the main 
problems yet to  be solved. Although there are people in the developing countries 
who have the appropriate educational background, the mechanism to attract 
them  very often does not exist, particularly when the project is at its initial 
stages and funds may be insufficient.
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CONCLUSION

It was agreed that im portant efforts should be devoted to  assisting developing 
countries in improving nuclear safety. This should be in response to  specific 
needs. Among the various types o f assistance, the one most needed is probably 
assistance to  the regulatory body. Its staff must understand the ‘know-how’ and 
the ‘know-why’ o f the solutions for the safety problems o f a particular nuclear 
power plant. Experience shared between developing countries is very im portant, 
but assistance given by a developed country to a developing country is also 
essential. The supplier is responsible for more than just supplying the plant. He 
should consider the developing country as an equal partner in the exchange of 
safety inform ation concerning the plant.

Finally, as the Chairman said in closing the discussion, the m ost im portant 
element in assuring nuclear safety in a developing country is tha t the country has 
the will to  com m it itself to  nuclear power.
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Session technique A1 
PROTECTION RADIOLOGIQUE
A.J. Gauvenet

A première vue, une session pour la protection radiologique peut paraître 
marginale dans le cadre d ’une Conférence consacrée à la sûreté. En fait, les neuf 
rapports présentés touchent de près, d ’une manière ou d ’une autre, à des problèmes 
authentiques de sûreté (prévention ou intervention en cas d ’accident). Les 
communications peuvent être classées selon trois thèmes.

Premier thème. Doses reçues par les travailleurs dans les centrales nucléaires ainsi 
que par la population environnante. Comparaison avec les normes. M oyens de 
réduire ces doses.

Quatre communications ont traité de ces problèmes. Un rapport de la 
République fédérale d ’Allemagne donne les doses (individuelles et collectives) 
reçues par les travailleurs dans les centrales allemandes, particulièrem ent lors des 
travaux de maintenance, ainsi que l’évolution de ces doses en fonction des 
caractéristiques de ces centrales et de leur âge. Ces doses sont très inférieures aux 
doses maximales autorisées. Des mesures additionnelles sont prévues pour réduire 
encore ces doses, aussi bien sur le plan technique que sur le plan adm inistratif et 
celui de l’organisation.

Une seconde communication de la RFA analyse le problème des effluents.
Des mesures additionnelles peuvent perm ettre des améliorations, notam m ent la 
filtration plus systématique des gaz issus des différents composants.

Aux Etats-Unis, une évaluation des programmes de protection contre les 
radiations a été faite dans 27 centrales sur les 48 actuellement en fonctionnem ent. 
Cette évaluation, effectuée en détail, s’est faite par inspection: des groupes de 
radioprotection se sont rendus sur les sites, examinant, au regard des normes 
applicables, les aspects suivants:

— l’organisation,
— la qualification des spécialistes,
— la form ation,
— le contrôle de l’exposition interne,
— la surveillance,
— l’instrum entation utilisée,
— la planification en cas d’accident.
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Les programmes ainsi revus présentent un degré suffisant de sûreté, à la fois 
pour les travailleurs et pour le public, bien que des déficiences aient été notées 
pratiquem ent dans toutes les centrales nucléaires. Les faiblesses les plus marquées 
se rencontrent dans la qualification et la form ation des techniciens de radio
protection. Les programmes d ’avenir doivent porter davantage attention à la 
planification et à l ’entraîm em ent du personnel surtout dans des conditions 
accidentelles.

Un exposé suédois sur les doses reçues par les travailleurs m ontre que ces 
doses sont rem arquablem ent faibles dans ce pays, grâce à des facteurs à la fois 
techniques et administratifs, tels que l’utilisation d’aciers à faible taux de cobalt 
et une certaine optim isation des techniques de protection.

Des réductions ultérieures pourront résulter de différents facteurs d’amélioration, 
par exemple dans:

— la disposition intérieure des bâtiments,
— la purification de l’eau et la décontamination,
— les protections physiques (écrans),
— la form ation des travailleurs,
— la sélection des matériaux.

Le rapport allemand cité plus haut évoque en outre la minimisation de la formation 
des dépôts dans le circuit de refroidissement.

Ces études on t été en partie suscitées par l’accident de TMI (rapport des 
Etats-Unis). Elles indiquent une remarquable convergence dans les observations 
faites et les remèdes proposés. Partout les normes sont largement respectées et 
des améliorations sont prévues pour l’avenir.

Deuxième thème. Etudes relatives aux interventions en cas d ’accident. Mesures 
à prendre.

Deux exposés ont un caractère général, le français et l’italien. La communica
tion française évoque l’application de la doctrine de la CIPR au problème de 
l’intervention en cas d’accident. Un accident doit être généralement considéré 
comme une série d ’événements successifs se déroulant pendant plusieurs heures 
ou même plusieurs jours pendant lesquels il im porte de faire des mesures dans 
le cadre d’un plan de surveillance pour préparer les décisions. Les plans 
d’intervention doivent tenir com pte des risques qui s’attachent aux différentes 
décisions possibles, par exemple: évacuer ou ne pas évacuer la population, 
fournir ou non de l’iode stable à la population.

L’exposé italien, sur ce même sujet, tente une théorie de l’optim isation des 
décisions dans ces mêmes cas.
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Un rapport américain étudie avec quelques détails ce problème de la distribu
tion d’iode stable. Cette distribution, si elle se fait, doit avoir lieu très tô t. Il faut 
donc une organisation capable d ’agir rapidement. Les autorités américaines 
recom m andent d’effectuer cette distribution si la dose prévue à la thyroïde est 
supérieure à 10 rems. Les conséquences désagréables de l’ingestion de l’iode 
paraissent faibles. La discussion qui a suivi a m ontré, cependant, que les effets 
sur les femmes enceintes ou sur les fœ tus étaient mal connus. Il faut, là encore, 
se poser la question des risques et des avantages comparés de différentes m éthodes: 
des filtres respiratoires simplifiés pourraient en effet fournir une certaine protection.

Une évaluation critique de l’incident de TMI indique, q u ’avec des hypothèses 
conservatives, le rejet de tous les gaz résultant de la perte de l’étanchéité de 
l’enceinte n ’aurait pas provoqué des doses à un niveau exigeant une évacuation.
Bien que l’évacuation de la population située à faible distance doive être envisagée 
dans certains cas, elle pourrait être moins efficace, à grande distance, que l’utilisation 
d’abris disposant d ’une filtration élémentaire de l’air.

Ces quatre exposés ont reflété les réflexions qui ont suivi TMI, mais aussi les 
prescriptions de la CIPR qui recommande une optim isation des décisions en fonction 
des risques et des avantages. Bien que cette m éthode soit délicate à appliquer, ces 
exposés ont fourni quelques exemples significatifs, dont certains très concrets, de 
cette méthode.

Troisième thème. Utilisation de robots en cas d ’incident.

Un dernier exposé (français) traite de l’usage de robots contrôlés à distance 
dans des cas d’incident pour des interventions dans des zones à charge élevée de 
radiations. Des opérations très complexes peuvent être ainsi réalisées, sans aucune 
exposition aux rayonnem ents pour le personnel opérateur. Les robots sont dotés 
de la vue et de l’ouïe, en même temps q u ’il peuvent accomplir des tâches techniques 
relativement complexes.

En résumé, les exposés de la session sont bien documentés; ils expriment 
aussi bien la situation présente que l’avenir à plus ou moins long terme. La situation 
actuelle est bonne sans être parfaite. Les perspectives de perfectionnem ent paraissent 
encourageantes grâce à un potentiel im portant d ’amélioration. Dans le domaine des 
interventions en cas d ’accident, les m éthodes récemment recommandées par la 
CIPR com m encent à être utilisées.
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Technical Sessions A2 and A3 
LICENSING AND REGULATION
W. Rôhnsch

Fourteen papers were contributed by representatives from eight Member 
States, the IAEA, the ISO and the UNIPEDE.

A wide spectrum o f elements relating to  nuclear safety regulations and 
licensing was reflected in the papers. However, the features of licensing and 
regulating nuclear energy could be recognized through the whole conference.
Thus, that licensing and regulations are inseparable from the o ther elements of 
nuclear safety is one o f the general conclusions which can be drawn.

Going more into detail, a certain grouping o f the papers is made because of 
common aspects considered therein.

A first group of papers (Brazil, Austria, Czechoslovakia, GDR) dealt with 
problems of licensing and control in countries which, having different levels of 
industrialization, have to rely to  a differing degree on the im port of nuclear 
com ponents as well as on support by supplier countries in constructing nuclear 
power plants. It was shown that especially at the beginning of a nuclear power 
programme getting advice from and sharing experience o f all kinds with supplier 
countries is essential. This is also true of nuclear safety research because Of the 
limited possibilities o f the im porting countries. As another example education 
and training o f staff was considered (operating staff for the plant, as well as 
personnel for control authorities). On the other hand, the im porting countries’ 
perception of their national responsibility was clearly recognized. Thus, in all 
cases the relatively long construction periods and pre-operational tests o f the 
first plants were used to  gain experience involving existing scientific technical 
expertise. National solutions for licensing and regulations were found. The 
im portance of the Agency’s NUSS programme was unanimously acknowledged. 
Special problems o f guaranteeing nuclear safety while maintaining operating 
capability were described with respect to  “mothballing”  a nuclear power plant 
(Austria).

Needs and requirements o f qualification, training and examination of 
different categories of nuclear power plants’ operating staff were dealt with in 
one paper (FRG) explicitly. It was reported that considerable time (up to  5 years) 
is required to  educate fully responsible shift personnel. Such questions were 
touched upon in other papers also.

Considerable interest was aroused by a paper (Austria) which was devoted 
to frontier aspects of nuclear energy use and which recommended exchange of 
inform ation between neighbouring states on sites, types, technical features, 
effluents and accidents o f border-near nuclear power plants. The IAEA was 
requested to  study the m atter. Comments in the discussion ranged from strong 
support to  severe concern about interference with national competences, although 
political impacts were explicitly left out.
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Another group o f papers analysed the consequences o f the TMI accident on 
licensing and regulation. One paper (Italy) described a “Core Rescue System” 
based mainly on a timely diagnosis o f dangerous transients o f the core, thus 
preventing accidents by means of an improved instrum entation instead of relying 
only on investigation of measures aimed at mitigating their consequences. Siting 
conditions in a densely populated contry (FRG) were considered in a paper 
categorizing sites by their attributes. Remote siting being no t applicable, additional 
technical measures to  decrease the risk for the population were proposed for sites 
o f the m ost unfavourable category. The possibility o f  transboundary effects was 
also mentioned. Another paper o f this group showed by practical examples (Japan) 
how licensing m ust and can be based on reactor safety research, thus keeping 
abreast o f the development of technical knowledge.

A last group of papers reported on the present development of nuclear safety 
standards and their application. Whereas standards developed by ISO’s Technical 
Committee 85 (Nuclear Energy) mainly serve technical and commercial purposes 
with the aim of facilitating international exchange, the Agency’s NUSS programme 
is directed more to  basic issues, thus providing guidance also for decision-makers 
and regulatory authorities. Surveys o f the present status o f both standards pro
grammes were given and the close co-operation between the tw o organizations 
underlined. Two other papers gave inform ation about safety criteria for HTGRs 
(FRG) and codes for PHWRs (India), respectively. In bo th  cases interesting 
comparisons were made with the respective guides for LWRs, the applicability of 
which was investigated. The need for specific regulations was stated.

Finally, it would appear that, in recognition o f their im portance, licensing 
and regulation in the different countries reporting in the sessions are being 
handled with responsibility, care and strictness. Efforts to  base licensing and 
regulation on scientific development, technical knowledge and operational 
experience can be recognized.
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Technical Sessions B l, B2, B3 
ADVANCED SAFETY SYSTEMS
G. Petrangeli

The 23 papers presented during technical sessions B l , B2 and B3 have 
contributed new and highly valuable inform ation to  the following technical fields:

(1) Component design, fabrication, qualification-testing and inspection
(2) Containm ent and decay heat removal systems design
(3) New plant-concepts for improved safety
(4) Safety analysis m ethods and new results.

It is no t possible to  make here a summary o f  all relevant technical advances 
presented by the speakers. I shall, therefore, present only general comments 
related to  two items which I believe to be o f  some relevance for the panel discussion 
on “ Where do we go from here? ”

The first item is the type of subjects covered by the papers. The papers were 
rather evenly distributed over the above-mentioned areas: some of them  concerned 
com ponents, others concerned safety systems, and others dealt with overall plant 
concepts. The papers covered systems intended to  improve defences in case of 
accidents up to  the Design Basis Accident and also systems intended to  mitigate 
the consequences of accidents more severe than the design basis ones.

This fact makes me remark that the technical com m unity is correctly assessing 
the im portance o f the various factors to  overall nuclear safety. Our technical 
community is no t making the mistake of now concentrating its effort only on a 
preselected type o f large accident. This com m unity dem onstrates it is well aware 
that no short-cut can be found to  the achievement of a satisfactory level o f nuclear 
safety, by concentrating on the development of protecting devices against the 
consequences of postulated core melt accidents. Rather, in the first place the 
proper attention is being given to  plant safety concepts and systems to  reduce the 
likelihood o f such accidents.

The second item I wish to  touch upon is the present degree of development 
of mitigating devices against core melt accidents.

Research and development are under way in various countries on these devices. 
Papers presented in technical sessions B l, B2 and B3 show in particular the first 
results o f the work perform ed on Filtered Venting Containm ent Systems. The 
speakers, who have been involved for at least one year in this effort, have con
sistently affirmed in their presentations that Filtered Venting has the potential 
to  reduce significantly the consequences of some accident sequences.

But, they have also responsibly said that:

There are uncertainties as to  the validity of working assumptions made in 
the analysis o f these systems and o f the supporting knowledge o f underlying 
physical phenomena.
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There are possible consequences of Filtered Venting Systems installation which 
are detrim ental to  plant safety.

There is a residual risk o f massive fission product release to  the environment 
even after the installation of these systems.

They have said also that there are some as yet unanswered questions, such as:

Is the adoption of a venting strategy necessary to  circumvent excessive 
pressure spikes in containm ent buildings?

Would the competing risks render such a strategy unacceptable?

The answer to  these questions, to  be obtained through the completion of 
the work now under way, will provide the basis for any decision-making, including 
the possible decision o f not installing any Filtered Venting System. Moreover, 
during session B3, results were presented of more general work aimed at the 
identification of gaps in technical knowledge which do not presently perm it a 
conclusive assessment of degraded-core cooling behaviour, o f core melt accident 
progression and management, or of the efficacy of proposed mitigators against 
accident consequence. The panorama o f necessary experimental and analytical 
research which this presentation has disclosed is, as might be expected, impressive.

It is my opinion that we should all carefully listen to  the words of those 
among us who have worked at length on these problems, like the authors of the 
above-mentioned presentations. We, therefore, should await the outcom e o f their 
highly responsible work before taking a stand either in favour or against the 
installation o f such core-melt mitigating devices on our nuclear plants. On the 
other hand, as far as the performance o f studies and of research on this subject is 
concerned, it seems to  me that everybody in this Conference has agreed that this 
is a necessary task.

Let me conclude by clearly saying tha t on the basis of what has been presented 
in this conference, I don’t see any recognizable urgent need significantly to  change 
our approach to  safety. I also recommend continuing the research efforts in the 
most responsible way and that changes to the present planned specifications should 
be decided upon only after having attained complete understanding of all the 
implications of the various proposals put forward.
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Technical Sessions A4 and B4 
RISK ASSESSMENT
T. Eckered, D. Okrent

There were two sessions covering the im portant topic o f Risk Assessment.
The eight papers which were presented in the first session gave a picture of the 
present status o f Risk Assessment techniques and uses. There were descriptions 
of how Risk Assessment methodology has been applied in specific cases, how it 
is brought into the continuous safety process and it was also pointed out where 
caution should be shown in the use of Risk Assessment methods, especially with 
regard to  the uncertainties in estimates.

There were two papers in the session having a more general approach to 
Risk Assessment. One described how probabilistic m ethods are used at the British 
Central Electricity Generating Board for specifying design guidelines. Numerical 
criteria are set for the predicted frequency of accidents. The next paper raised a 
warning for uncritical use of statistical m ethods for the evaluation o f accident 
probabilities and consequences. However, the authors did not intend to discourage 
the use of quantitative risk assessment methods.

One paper reviewed the work going on at the European Community Ispra 
research establishment for applying probabilistic risk analysis techniques to the 
operating experience from the LWRs in the European Community. The need for 
development o f m ethods for the adequate treatm ent of uncertainties of the 
physical and operational parameters of an accident was emphasized in this paper.

Two papers discussed failure analysis of pressure-retaining com ponents and 
indicated ways of improving the input data to  the statistical models.

In one paper the views o f a power utility company which had applied Risk 
Assessment techniques to  its own reactor were presented. As an example, the 
analysis o f a stuck-open steam generator safety valve was presented. The author 
underlined the need for realistic instead of conservative analysis of minor reactor 
accidents.

The two concluding papers presented m ethods and results o f Risk Assessments 
which have been perform ed in Switzerland and in the Federal Republic of Germany 
using the WASH-1400 methodology applied to  reference reactors in the two 
countries.

The second session contained a total o f nine papers. One paper from the 
USSR discussed reliability experience with the WWER-440 reactors. It was 
reported that failure rate data on components for this reactor type were found 
to be consistent with those observed for similar com ponents in reactors designed 
in o ther countries, and that a very good average plant availability had been 
obtained during the past three years.

One paper, from the United Kingdom, discussed some of the uncertainties 
which enter into probabilistic risk analyses, and argued that Bayesian statistics is 
the appropriate vehicle for probabilistic analysis of rare events.
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Three papers addressed topics related to the determ ination of a philosophic 
approach to  reactor safety. One, from  Argentina, proposed the use o f cost-benefit 
analysis, which includes the consequences o f system failure, in the optimization 
of nuclear reactor design. A second paper, from the USA, offered a possible 
approach to  the establishment of quantitative safety goals. The authors of the 
third paper, which was from the United Kingdom, concluded tha t the public 
are m ost concerned about the maximum potential consequences of reactor accidents, 
even though they may be highly improbable, and recommended that steps be taken 
as practical to  reduce consequences. They also suggested that the public’s willing
ness to  accept high consequence situations may be greater if they can perceive a 
substantial benefit.

Four papers, one from Canada, one from Japan, and two from France, 
illustrated how probabilistic methodology is currently being used in design and 
how it is gradually entering, more and more, into the licensing process. This 
Technical Session clearly indicated the great interest in Risk Assessment, especially 
in its probabilistic form, for improving reactor safety. Although it was pointed out 
that the technique should be used with caution and with sufficient skill in statistics, 
it was evident tha t both  speakers and audience considered the quantitative risk 
assessment m ethods to  be valuable tools to  support decision-making in safety 
questions. When one couples these papers with papers from other sessions con
cerning the application of probabilistic methodology to  nuclear reactor safety in 
the United Kingdom, the Federal Republic of Germany and the USA, among 
other countries, it seems clear tha t a strong trend has been established.



500 CHAIRMEN’S SUMMARIES

Technical Sessions A5 and A6 
INSTRUMENTATION REQUIREMENTS
E.C. Cobb

In the first o f two sessions on the subject o f instrumentation requirements, 
six papers were presented from France, the Federal Republic of Germany, India, 
Japan and the USA. These papers were concerned with the man/machine interface, 
particularly to help the operator to analyse the information presented to him.

The first paper, presented by W.C. Sommer, discussed the need for the 
development o f design hand in hand with operator requirements and proposed a 
tool which should satisfy this need. The tool was based upon the development 
of system schematics with information on the displays to the operator and the 
operating instructions required. At an appropriate stage these schematics would 
be reviewed by a human-factors engineer. Such schematics would be used for:

(1) Testing interface adequacy
(2) Ensuring instructions are understandable and practicable.

The second paper, presented by J.F. Church, defined the role o f the operator in 
nuclear safety and proposed a concept of “safety functions”, to provide guidance 
on what to do in the short term and in the long term. The plant safety evaluation 
requires four inputs to be taken into account in order to ensure adequate confidence 
in the outcome. •

The next paper, presented by R.N. Ray, described a methodology for 
choosing the most appropriate protection signals and settings for a nuclear power 
plant. This is based on the use of event trees. It was emphazised that the event 
trees should be developed from the end points towards the initiating events. This 
can be taken to as rudimentary a level as required and eliminates the risk of 
omissions.

The paper presented by R. Capel described recent reviews in France aimed 
at improving the reliability of operators. These included procedures for improving 
diagnosis by the operator and provision of clear guidance to him on what to do in 
the short and long term. The speaker emphasized that operator action should not 
be necessary within the first 10 minutes.

D. Wach presented a paper discussing noise diagnosis and vibration measure
ment as a method for providing early detection of approaching failure. Other 
papers on this theme were presented in the following session. D. Wach described 
the details of comparing established normal noise patterns with abnormal patterns 
appearing. This method was reported to have been useful in the TMI accident 
analysis.

K. Yanai described a new monitoring and control system design providing 
an improved display to the operator and a reduction in operator burden. The
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display is divided into areas for serious, less serious, and minor incident areas, 
and informs the operator about the sequence of events. The speaker agreed that 
the equipment was a step towards one-man operation for normal conditions 
although during fault conditions two or three more operators might be necessary.

In the second session devoted to Instrumentation Requirements five papers 
were presented from the Federal Republic of Germany, the German Democratic 
Republic, Japan and the USA. Four of these papers described equipment for 
processing information from instrumentation monitoring plant status, collecting 
plant data, and displaying information to the operator to indicate abnormal 
conditions and providing a diagnosis. The other paper described work in which 
use would be made of radiation monitors to give information on the kind as well 
as severity o f an accident releasing radioactive materials.

The first paper, presented by K. Monta, described a prototype system which 
provided a diagnosis o f plant state using noise analysis. This was intended for the 
early detection of a developing fault, thus providing an opportunity for suitable 
information to be given to the operator.

W. Bastl also described an on-line disturbance monitoring system using real 
time analysis o f signal patterns (largely computer-based) for the purpose of 
supporting plant surveillance and obtaining information for abnormal situations, 
including core surveillance and post accident analysis. Diagnosis is derived from 
statistical information on neutron flux noise, pressure fluctuations etc. The 
speaker also dealt with considerations of the reliability o f software and micro
processors.

H.P. Olson described an automatic diagnosis of alarm system for leakage and 
other parameters to advise the operator o f the correct procedures to deal with the 
abnormality of a fault. The purpose is to prevent a controllable situation 
deteriorating into a serious accident, and this is achieved by comparing alarm 
sequences with predetermined “event trees” . Such equipment must allow for the 
possibility that alarms may appear out of sequence or alarms may not operate.
In addition, some sequence of events may be overlooked, but software changes 
can be made to include experience gained.

H.F. Brinckmann reported on a system for surveillance based upon what 
were called passive and dynamic methods. The passive method was a diagnosis 
derived from noise signals and experience with this method had been obtained in 
PWRs and LMFBRs. The noise signals were derived from neutron ionization 
chambers, special purpose neutron detectors, accelerators and pressure detectors. 
For the active methods, reactivity coefficients are determined during normal 
reactor operation, using perturbation analysis. Problems arise over space/time 
effects and require detector positions to be properly chosen.

A.E. Desrosiers’ paper was different from the previous papers in the session, 
although the objective of the investigations he reported on was also to aid the 
operator in the assessment o f the degree of core damage if a LOCA was not
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controlled. The information would be derived from one or more containment 
radiation monitors. The assessment depends on the kind o f release that has 
occurred and the subsequent history of the radionuclides (deposition, decay time, 
etc.). The successful development o f the system should also provide indications 
on the effectiveness o f corrective measures.

One interesting question that arose during the discussion was the fact that 
there were no papers presented on reactor automatic protective systems. This 
indicated that this equipment was seen to be satisfactory or at least of less concern 
than the need to help the operator in his diagnosis of any off-normal condition.

The discussion also raised the question o f safety standards for computers 
and software, and what investigations were being made in the monitoring of fission 
product release.



IAEA-CN-39/10.1 503

Technical Session A7
SMALL-LEAK LOSS-OF-COOLANT ACCIDENTS
A.M. Bukrinskij

Very considerable attention has been paid to small-break loss-of-coolant 
accidents in recent years by scientists and technical experts. There have been 
two main reasons for this. First, the probability of such accidents is much higher 
than that of serious accidents, and studies show that they make the main contri
bution to risk. Secondly, such accidents may have a large number o f dissimilar 
causes, all o f which must be identified and analysed so that no unexpected and 
unplanned events can occur during operation, as happened recently at the TMI-2 
nuclear power station in the USA. Session A7 showed that solutions are being 
found to this problem.

Seven papers were presented at the session. They covered the following 
subjects:

Research programmes on small breaks
Theoretical studies on small-break accidents
Experimental studies with a view to a better understanding of the mechanisms
of the processes occurring and for verification of theoretical studies.

One paper was devoted to the progress made on the development of inter
national standard problems by the Organization for Economic Co-operation and 
Development’s Committee on the Safety of Nuclear Installations. In all these 
papers specific results from experimental and theoretical studies were presented, 
and the directions to be taken by further work were indicated. They showed 
that scientists and experts have the problem of small-break accidents well in hand 
and that a solution is imminent. The achievements in this sphere confirm
G. Petrangeli’s conclusion that the safety approach being followed is the correct 
one. Thus, the results o f this session justify a recommendation that the programmes 
of construction of nuclear power stations should be further expanded, since such 
power stations constitute the most reliable and economic form o f energy supply 
available and have minimum ecological consequences for the environment.
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INTRODUCTION

The final panel o f  the conference was to identify and summarize new 
trends, proposals, and conclusions in the major safety issues, such as operational 
safety, design, siting, emergency planning, and international co-operation. In 
addition, the panel was to address the subject o f public acceptance. The panel 
members had the benefit o f discussions on these subjects in the sessions o f the 
conference and the previous panels. In addition, the panel and audience could 
draw on the results from the technical sessions, which had briefly been presented 
by the chairmen of those sessions.

DISCUSSION

New trends and proposals

Of the many aspects discussed during the conference, Mr. Brooks chose the 
use o f probabilistic analysis as a major trend which now has a wide spectrum of 
applications. In Canada, there is good experience in the applications o f these 
techniques, in particular with regard to probabilistic fault tree analysis. Although 
such techniques are sometimes criticized because of a lack of comprehensive 
probabilistic data on failures and operator errors, he considered them to be of 
real merit in a systematic consideration o f the consequences o f a very wide 
range o f potential failures. Probabilistic analysis could, in particular, identify 
deficiencies in design that might not have an obvious importance for plant
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safety. It is also a valuable tool in assessing the potential consequences of 
incorrect operator action. This is true even though reliable data on operator 
action under stressful circumstances are admittedly limited. Perhaps the 
most important advantage is that this approach leads the designer and 
the regulatory staff to consider a wide spectrum of plant failures, a change 
from their former preoccupation with a limited number of hypothetical accidents 
and rigid design codes. Accident consideration should not concentrate on the 
spectacular ones that have dominated the industry and its regulators for many 
years. Instead, attention should be directed to the complex combinations of 
failures o f both equipment and operator. Any one o f these failures would have 
been on its own a relatively trivial event. Deficiencies identified by the 
probabilistic approach are often factors which would adversely affect plant 
reliability. This supports the conclusion that a reliable plant, in terms of 
operation and production, is a safe plant.

Mr. Kosciusko-Morizet emphasized the lessons to be learned from nuclear 
power plant operation. From incidents which have occurred, one should identify 
those which are important for safety and analyse them so that remedial measures 
can be developed. International co-operation in identification and study of  
significant incidents is indispensable, especially for those countries that are 
beginning a nuclear programme with a small number o f units. The IAEA should 
organize international meetings to interpret significant incidents, so that an 
international consensus can be reached as to the implications these incidents 
might have for further improvements in plant safety. In such an exchange, the 
work o f the IAEA is essential but should be complemented by bilateral co
operation between Member States, as well as between manufacturers and utility 
operators.

Meetings such as this must avoid two traps in the approach to safety : we 
must not forget that the responsibility for safety is exclusively a national one; 
and we must not let routine and bureaucracy prevail, because the science of 
nuclear safety is dynamic and requires adaptation. Lessons drawn from operating 
experience are that safety has to be ensured by good design, good implementation, 
and careful operation by conscientious operators. Good qualifications are needed, 
along with training and regular retraining o f staff, and job rotation to avoid 
routine. Nuclear power plants should have a good level o f inherent safety, but 
there is also the need to remain vigilant in operation and to learn from operating 
experience.

Mr. Schmidt-Küster underlined the fact that the conference had not 
generated any trends and proposals that would mean a step change in the safety 
requirements and safety technology. After the world-wide concern over the 
Three Mile Island (TMI) accident, this is not a trivial conclusion. All countries 
have made serious and self-critical reviews o f existing safety technology, required 
operating experience, relevant organizational structures, emergency preparedness
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and other matters, without discovering any fundamental insufficiencies that 
would call for significant changes in nuclear policy and nuclear development. But 
some areas were identified that require further studies. There should also be a 
shift o f priorities, with greater effort being concentrated on small-leak, loss-of- 
coolant accidents, man/machine communication, and support to operators in 
the diagnosis o f incidents so that they can take optimal actions. Risk 
analysis methods are considered a suitable tool to assess the relative relevance 
of new proposals for further reduction o f risks. Mr. Schmidt-Küster suggested 
that in addition to existing work on the NUSS programme, on reliability 
of components, and on control and instrumentation, the IAEA should explore 
other areas where Member States might be able to share work on safety 
matters. The more the basic knowledge is shared, the easier it will be to reach 
a consensus on necessary safety requirements and on acceptable solutions.

Mr. Sethna said that this conference is an important milestone as far as 
safety o f operating reactors is concerned. Improved instrumentation and sur
veillance techniques should provide direct measurements indicating the status of 
cooling o f the fuel, rather than relying on indirect parameters.

Improved and continuing operator training is mandatory for safe operation. 
An international exchange of information through the IAEA would be o f great 
assistance especially for developing countries. The conference showed that 
nuclear power is safe, provided we take sufficient precautions.

Mr. Uchida expressed his conviction that nuclear safety issues are of 
international interest and should be based on an international consensus. He 
referred to the value o f  the Agency’s NUSS programme as a step already taken in 
the direction of international co-operation. Nuclear safety must be achieved by 
high quality in design and construction and through reliable, safe operation. 
Emergency planning as the ultimate backup, siting and technological matters 
may be considered separately, but they are all parts o f the overall safety 
strategy, and, therefore, they are interrelated. In order to reach an acceptable 
level of safety, a particular nuclear power plant should be able to completely 
contain and correct any design basis accident within the plant site and should 
not have to rely on emergency procedures. Thus, design basis accidents should 
not lead to any radiological consequences to the public outside a nuclear power 
plant. Emergency planning is an additional safety precaution against residual 
risks associated with accidents beyond the design basis accident. The role of  
emergency procedures is to mitigate the consequences of accidents.

The TMI accident showed that a credible accident could develop into a 
serious one. There was, in fact, core degradation and partial fuel melting; 
however, final cooling o f the core was possible. The goals o f  plant design and 
operation may be seen, since TMI, as first of all to reduce the likelihood of 
occurrence o f unusual events that could lead to serious accidents; and, secondly, 
to mitigate the consequences o f a serious accident so that it is possible to assure
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complete shut-down, achieve the cooling o f the degraded core, and contain 
the radioactive material released from the core.

In view o f the probabilistic risk studies which have been performed,
Mr. Uchida recommended that further risk studies investigate the likehood of a 
degradation o f the core and the consequences of this degradation or partial 
fuel melting.

Mr. Hendrie said that the conference was a very valuable one which 
allowed participants to exchange many comments and to see one another’s 
attitudes in the post-TMI era. He felt that it was not so much the new trends 
which were significant, but rather increased emphasis on a number o f trends that 
were apparent before. In particular, increased and appropriate emphasis is being 
placed on operational safety matters in all their aspects, and on emergency 
planning, which has come forward as a more important element in the overall 
protection o f the public against nuclear incidents. A general consensus o f the 
conference seems to be that international co-operation on safety standards and 
safety matters is much to be desired and should bo beyond the possibilities 
represented by this conference.

Mr. Meshkov stated that at present no factors are evident which should limit 
the development o f nuclear power from the safety point o f view. But solutions 
to safety questions cannot be stagnant in time. They have to evolve together 
with the change in the scale o f the development of nuclear power and with 
the increasing possibilities o f the industry for producing improved equipment 
and instrumentation systems. Safety has to be improved further by 
increasing the reliability of equipment, by simplifying the systems design and 
by using passive reserves. Operators should not have to respond for the first 
15 to 20 minutes after an accident occurs, since the plant can more reliably be 
controlled during that period by passive safety features and automation. The 
staff has to be trained so that they know their equipment very well and are 
familiar with the transients which can occur.

An international exchange o f information on failures and accidents 
should be organized, but it will be necessary to have a mutually acceptable form 
of presenting such information. The criteria for the selection o f such information 
should be carefully drawn up as they would influence its usefulness. The 
IAEA should play an important role in this information exchange.

The development o f nuclear energy in the USSR includes district heating 
plants, at which nuclear reactors are used for supplying low-temperature heat. 
Low pressure and additional safety features will make it possible to site such 
facilities two to three kilometres from industrial complexes and cities. The 
programme for developing fast breeder reactors also continues. The BN-600 was 
put into operation and a 1000 MW(e) fast reactor will be introduced. Despite, 
the serious TMI accident, there is no basis or justification for a significant 
revision in the operation o f nuclear power plants in the USSR from the safety



IAEA-CN-39/10.2 509

point o f  view. There have been no accidents with release o f activity which 
required serious measures to protect the public. So there are no real grounds for 
reducing nuclear power development.

In the discussion from the floor, Mr. Franzen underlined the point that 
siting, safe design and safe operation are equally important factors. He asked 
whether the IAEA could play an increased role in assuring safe operation of  
nuclear power plants in developing countries. Dr. Eklund responded that it is of 
primary importance to assure safe operation o f reactors in developing countries, 
since an accident there would have the same effect on nuclear power programmes 
in the developed word as would an accident in a developed country. Mr. Uchida 
underlined in addition the importance o f  paying attention to small-leak accidents 
to prevent them from developing into more serious accidents.

Public acceptance

The panel and the audience were asked to discuss generally the need and 
methods to inform the public adequately o f the real health and safety risks of 
nuclear power, as well as o f the alternative energy sources, and the methods 
that can be used to demonstrate that those responsible for nuclear power are 
committed to and capable o f protecting the public.

Mr. Schmidt-Küster presented an introductory statement. The future 
application o f nuclear power will depend on the acceptance o f this technology 
by the majority o f  the population in our countries. But in many countries strong 
minorities express their opposition effectively, and since they obtain ample 
coverage from the media, they have been able to slow down and in some cases to 
stop nuclear power development. At the start of peaceful nuclear power 
development some 20 to 25 years ago, people were proud o f the technological 
achievement, but now the situation has changed. Some individuals have real fears 
with regard to nuclear technology. The argument is often put forward that 
industry and governments have not done enough to counter these fears by giving 
the relevant information to those concerned so they can make their own 
judgement.

This argument is true only to a limited extent. From the beginning much 
information has been given, but it dit not always reach the public. With a large 
flow o f information on all matters from many sources, the public was no longer 
receptive to information that ran counter to opinions that had developed. There 
was a general and widespread attitude o f opposition to all new technological 
advances, particularly among younger people; and as an industry in the fore
front o f new technology, the nuclear industry attracted this opposition. Many in 
the industry did not know how to react to this change in attitude. Some experts 
reacted arrogantly, but today the large majority o f all those involved in nuclear 
power are trying very hard to explain the problems and the necessities o f nuclear 
power as objectively as possible.
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Attempts in the Federal Republic of Germany to organize a public debate, 
supported by an information campaign, have not been successful, particularly in 
the face o f an evident bias o f  the media towards reporting in detail mainly the 
possible dangers and incidents. The solution can only be a steady process of 
transmitting serious information through opinion leaders — teachers, professors, 
doctors, representatives of the churches, etc. — so that the general public can be 
well-informed. This conference will be an important contribution to this end, 
and there should be others in the future.

Comments from the floor addressed the following issues.
Nuclear scientists gave weapons to their opponents,when they invented 

technical expressions that have a distinctly negative.tone, such as “reactor scram”, 
“coffins” , “burial grounds”, “criticality” . A more reassuring terminology should 
be adopted.

The decisions to improve safety have to be made in such a manner as to 
spend the limited resources o f society in a cost-effective way. Cost-effectiveness 
considerations can identify areas where the safety effort has the greatest effect 
in reducing the overall risk to society.

Opposition to peaceful uses of nuclear energy seems to be more a result o f 
the attitude towards modem technology in general rather than specifically to 
non-peaceful uses o f nuclear energy. Paradoxically, the mass media have 
accepted the existence of thousands of nuclear weapons, but they are extremely 
worried about a few nuclear power plants.

Mr. Hendrie commented that it is essential to achieve public acceptance for 
nuclear power. Therefore, over an extended period o f time, its risks and benefits 
have to be explained calmly and in a serious manner. But particular attention 
must be paid to operational safety. In spite o f the accidents which have occurred, 
including TMI, the operational record is excellent, and no member o f the 
public has been seriously injured or killed by radiation. A record of safe operation 
is the deciding argument that will eventually convince the public.

Mr. Brooks pointed to the fact that opponents o f nuclear energy are possibly 
successful because they identify with the public and with the media. The nuclear 
experts have not identified in such a way but should do so. The media are the 
key element in convincing the public. Experts must realize that representatives 
of the media come from a different educational background, and they should help 
them to understand nuclear safety matters correctly.

Mr. Kosciusko-Morizet commented on three points. Experts often have 
not understood that what worries the public is not the risk itself but the 
perception they have o f the risk. Concerning nuclear safety information for the 
citizen, continued efforts to educate citizens are necessary and the information 
must be transmitted by experts. Quick information on accidents should be 
given to people living in the surrounding o f the plant by experts appointed for 
this task, and unverified news must be avoided. Measures have to be taken to



IAEA-CN-39/10.2 511

ensure that people have confidence in these experts. Experts should provide the 
necessary information to the politicians on the various energy options and risk 
evaluation, but politicians alone must make the decisions. In concluding, he felt 
that a high standard of safety has been reached, but the nuclear community 
must remain vigilant to see that it is maintained.

CONCLUDING STATEMENT BY SIGVARD EKLUND

“ We have now listened to the panel members and to the comments from 
the audience. Let me, before I close, first o f all thank the panel members and 
then make a few general remarks regarding the conference.

“The conference was attended by 560 participants and 70 observers. They 
represent 44 countries and 10 international organizations, including significant 
participation by the CMEA as well as OECD countries. The level o f  interest and 
the spirit o f  co-operation must be sustained and the IAEA is prepared to assist 
in this endeavour. What is the future o f nuclear energy? At present we have 
some 230 power reactors operating in the world with a generating capacity of 
130 000 MW, and it is fairly sure, because o f commitments already made, that 
in 1985 there will be 430 reactors with a total capacity o f some 300 000 MW 
corresponding to 16% o f the electricity generated in the world.

“At that time 50% of the electricity in France will be produced by nuclear 
power, and in Sweden 45%. Later development is much more difficult to fore
see. The basic need will be there, whatever we say about the soft society, but the 
role nuclear power may be allowed to play depends above all upon the attitude 
o f the decision-makers and the general public. As a parenthesis, I want to say 
that I do not, for a long time, foresee a substantial contribution to the production 
o f electricity from the so-called new energy sources — solar, wind, geothermal, 
etc.

“Now to get nuclear power accepted, the general public must have a full 
understanding o f a number o f issues such as those related to uranium mining, 
waste disposal, nuclear safety and non-proliferation, to mention a few which are 
o f particular interest. Safety is an important element here. We will have in the 
future, as in the past, incidents about which the whole world will learn through 
the news media. The will carefully record and distribute news about leakine 
steam tubes, spills o f radioactive waste, also small possible exposure o f  staff, etc., 
etc. It has been the purpose o f this conference to see that incidents at nuclear 
power stations occur infrequently also in the future, and that the consequences 
should be minimized. Attention should also be paid to those cases which may 
affect a neighbouring country. Mr. Petri, the Swedish Minister for Energy, 
touched in his opening remarks upon this need to harmonize safety regulations. 
Our efforts in that direction should be intensified. This should include regulatory
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steps, requirements for fundamental safety design features including 
instrumentation, competent qualification o f operators, the role o f  automation as 
compared with human actions, interplay between different safety features in 
relation to distance to population centres, etc. If not all questions have been 
answered or even treated during the conference, please recall that there exists 
a massive foundation o f experience supporting the nuclear industry. We at this 
conference have tried to use this for the purpose o f  achieving still better safety 
conditions than those that up to now have resulted in 1800 nuclear power- 
reactor-years of operation without a single fatal accident caused by radiation, as 
stated by Mr. Hendrie.

“It is now time to close this conference. Your participation was attentive, 
and the week has gone rather quickly. Many thanks o f appreciation are in order. 
Ladies and gentlemen, I am sure that I am also speaking on behalf o f the 
participants when I express to the Government o f Sweden our sincere appreciation 
for hosting this conference. Our thanks go to Dr. Lôwbeer and the Swedish 
organizing committee for the conference facilities made available, which were 
outstandingly suitable for our meetings, and for the thoughtful and generous 
hospitality which provided special opportunities for some time away from our 
busy schedule. In the organization committee, I would especially thank 
Mrs. Inga Ahlberg and Mr. Magnus Grill for their most valuable assistance before 
and during the conference. Many thanks to the participants — your active 
interest, your ideas and your proposals during the sessions and amongst your
selves have been imperative for this conference. The material will be carefully 
studied within the IAEA. As has been said, we have not given definitive answers 
to all the current questions, but I hope the issues have been presented in a clear 
and firm manner. You can take satisfaction in knowing that you have participated 
in furthering the course o f international co-operation in nuclear safety. I now 
declare this conference closed.”
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