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En vertu de !'article J<r de Ia Convention signee le 14 decembre 1960, a Paris, et entree en 
vigueur le 30 septembre I 961, !'Organisation de Cooperation et de Developpement Econo
miques (OCDE) a pour objectif de promouvoir des politiques visant: 

a realiser Ia plus forte expansion de l'economie et de l'emploi et une progression du niveau 
de vie dans les pays Membres, tout en maintenant Ia stabilite financiere, et a contribuer 
ainsi au developpement de l'economie mondiale ; 

- a contribuer a une saine expansion ecoi10mique dans les pays Membres, ainsi que les pays 
non membres, en voie de developpement economique ; 
a contribuer a !'expansion du commerce mondial sur une base multilaterale et non 
discriminatoire conformement aux obligations internationales. 

Les pays Membres originaires de I'OCDE sont: Ia Republique Federale d'AIIemagne, 
I' Autriche, Ia Belgique, le Canada, le Danemark, I'Espagne, les Etats-Unis, Ia France, Ia Grece, 
l'lrlande, I'Islande, l'ltalie, le Luxembourg, Ia Norvege, les Pays-Bas, le Portugal, le 
Royaume-Uni, Ia Suede, Ia Suisse et Ia Turquie. Les pays suivants sont ulterieurement devenus 
Membres par adhesion aux dates indiquees ci-apres: le Japon (28 avril 1964), Ia Finlande 
(28janvier 1969), I'Australie (7 juin 1971) et Ia Nouvelle-Zelande (29 mai 1973). 

La Republique socialiste federative de Yougoslavie prend part a certains travaux de I'OCDE 
(accord du 28 octobre I 96 I). 

L' Agence de /'OCDE pour I'Energie Nuc/eaire ( AEN) a ete creee le fer jevrier /9 58 sous le nom 
d'Agence Europeenne pour I'Energie Nuc/eaire de /'OECE. Elle a pris sa denomination actuelle 
le 20.avril 1972, /orsque /e Japon est devenu son premier pays Membre de plein exercice non 
europeen. L'Agence groupe aujqurd'hui tousles pays Membres europeens de I'OCDE, ainsi que 
I'Australie, /e Canada, /es Etats-Unis et le Japon. La Commission des Communautes 
europeennes participe a ses travaux. 

L'AEN a pour principal objectif de promouvoir Ia cooperation f!nlre les gouvernements de ses 
pays participants pour /e deve/oppement de /'energie nuc/eaire en tant que source d'energie sure, 
acceptable du point de vue de l'environnement, et economique. 

Pour atteindre cet objectif, I'AEN: 

- encourage /'harmonisation des po/itiques et pratiques reglementaires notamment en ce qui 
concerne Ia surete des installations nuc/eaires, Ia protection de /'homme contre /es 
rayonnements ionisants et Ia preservation de /'environnement, Ia gestion des dechets 
radioactifs, ainsi que Ia responsabilite civile et /'assurance en matiere nuc/eaire; 

- evalue Ia contribution de l'electronuc/eaire aux approvisionnements en energie, en 
examinant regu/ierement les aspects economiques et techniques de Ia croissance de /'energie 
nuc/eaire et en etab/issant des previsions concernant /'o.ffre et Ia demande de services pour 
/es differentes phases du cycle du combustible nuc/eaire ; 

- deve/oppe les echanges d'informations scientijiques et techniques natamment par l'inter
mediaire de services communs ; 
met sur pied des programmes internationaux de recherche et developpement, et des 
entreprises communes. 

Pour ces activites, ainsi que pour d'autres travaux connexes, I' AEN collabore etroitement avec 
I'Agence lnternationale de I'Energie Atomique de Vienne, avec /aquelleelle a conc/u un Accord de 
cooperation, ainsi qu'avec d'autres organisations internationales operant dans le domaine 
nuc/eaire. 
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FOREVORD 

There is no doubt that the Chernobyl accident, its development and the 
management of its consequences offered a number of lessons to be learned. 
Further improvement of emergency preparedness and public protection measures 
will depend on an in-depth reflection on these lessons, a process which is 
being actively pursued by national authorities as well as by intergovernmental 
and international organisations. 

To monitor the present state of development as regards emergency 
planning and preparedness, a Uorkshop on "Technical Aspects of Emergency 
Planning" was arranged by the Nuclear Energy Agency and the Commission of the 
European Communities. These proceedings present the results of the Vorkshop 
and contain the papers presented together with summaries and conclusions based 
upon the main findings reported by the session chairmen and the discussions 
held. The opinions expressed are those of the authors and do not commit the 
Member countries. 

Publication No. EUR 12595 EN 
of the Commission of the European Communities, 
Scientific and Technical Communication Unit 
Directorate-General Telecommunications, 
Information Industries and Innovation, Luxembourg 

LEGAL NOTICE 

Neither the Commission of the European Communities nor any person acting on 
behalf of the Commission is responsible for the use which might be made of the 
following information. 
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AVANT-PROPOS 

Il y a incontestablement un certain nombre d'enseignements a tirer de 
!'accident de Tchernobyl, de son deroulement et de la gestion de ses conse
quences. Seule une reflexion approfondie sur ces enseignements permettra d'ame
liorer encore les dispositifs d'intervention en cas d'urgence et les mesures 
de protection du public ; telle est la tache a laquelle s'emploient activement 
les autorites nationales, de meme que les organisations intergouvernementales 
et internationales. 

Afin de faire le point de la situation en ce qui concerne la planifica
tion et !'intervention en cas d'urgence, l'Agence pour l'energie nucleaire et 
la Commission des Communautes europeennes ont organise une reunion de travail 
intitulee "Aspects techniques de la planification d'urgence". Le present compte 
rendu expose les resultats de cette reunion et contient les communications pre
sentees a cette occasion, ainsi qu'un resume et des conclusions fondees sur les 
principales constatations faites par les presidents de seance et sur les de
bats. Les opinions exprimees n'engagent que leurs auteurs et en aucun cas les 
gouvernements des pays Membres. 

AVERTISSEMENT 

Ni la Commission des Communautes Europeennes, ni l'Agence de l'OCDE pour 
l'Energie Nucleaire ne sont responsables de l'usage qui pourrait etre fait des 
informations ci-apres. 
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INTRODUCTION 

Following the Chernobyl accident in 1986 many countries had to implement 
ad hoc measures and establish criteria and reference values to respond to the 
acGident impact. They are now reviewing and updating their plans for on-site 
as well as off-site measures to take into consideration experience gained and 
lessons learned in order to develop a "better" preparedness to handle different 
kinds of situations and radiological emergencies. Concerning on-site measure§ 
major efforts have been made, particularly since the TMI accident in 1979, to 
further reduce the probability of severe accidents and to mitigate their conse~ 
qtiences. All these improvements of on-site emergency measures might influence 
the basis of off-site emergency planning. As regards measures off-site, effec
tive meteorological and radiological information systems have proved essential 
for a prompt response in an emergency situation. Consequently, improvements 
are being made in this area in Member countries, particularly concerning sys
tems for early warning and assessment, such as nationwide monitoring systems, 
aerial survey systems and measuring systems for large-scale food contamination. 

This appears clear from a Survey on "Emergency Planning Practices and 
Criteria after the Chernobyl Accident", which has been carried out by the NEA. 
As a follow-up action to this survey, it was recommended by the Committee on 
Radiation Protection and Public Health, with the support of the Committee on 
the Safety of Nuclear Installations, to organise a Workshop on the Technical 
Aspects of Emergency Planning Practices, Criteria and Standards. Independently 
of the NEA, however, the Commission of the European Community had itself been 
planning a similar meeting for 1989 under the auspices of the Working Group on 
the Safety of Thermal Reactors; the Commission has indeed taken an interest 
in the subject for many years and has organised expert groups leading to the 
publication of reviews of emergency planning situations in countries both with
in and outside the Community. Therefore, following interagency discussions, 
it was agreed that the NEA and the Commission would organise a joint workshop. 

Since the NEA survey represents the most recent review (published 
September 1988) it has provided a basis for planning the topics most in need 
of further attention. Chernobyl has clearly shown the need for considering 
multilateral aspects of emergency planning in greater depth, but to do this 
successfully a better mutual understanding of national policies, and the 
reasons for differences which arise, is required. As shown by the NEA review, 
these range over a number of aspects including, for example, source term and 
radiological criteria, environmental monitoring approaches, data management 
and decision-making approaches, etc. 

Equally it was felt that experience of emergency exercises and non
nuclear planning could be of valuable assistance. The Workshop was designed 
to allow these topics to be developed. 
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The objectives of the Yorkshop were: 

To discuss technical aspects in relation to: 

a) criteria and standards used as a basis for off-site emergency 
planning and the interrelations between on-site and off-site 
emergency planning; 

b) impacts of accident consequence assessment on emergency planning; 

c) the establishment of emergency planning zones, protective 
actions, resources and procedures. 

To explore the areas of possible international consensus concerning 
criteria, methods and techniques for environmental radioactivity 
surveillance systems, for the assessment of the radiological 
situation and for data management. 

To discuss experiences from planning and particularly from actual 
emergency response in non-nuclear fields considered of importance 
and relevance to nuclear emergency planning. 

To discuss criteria, methods and results of large emergency 
exercises in the nuclear field, and explore the usefulness and 
practicability of organising multinational exercises. 

The Yorkshop concerned the nuclear power reactor field and concentrated 
on innovations, changes and trends, especially those which have emerged sub
sequent to the Chernobyl accident. 

Questions related to public information and radioactive contamination 
of food were not dealt with because these subjects have already been the topic 
of several NEA and CEC meetings as well as meetings arranged by other inter
national organisations. 

The structure of the Yorkshop was based on the presentation and discus
sion of invited papers covering the Yorkshop topics. However, some contrib
uted papers were also presented and are included in these proceedings. The 
NEA Survey on "Emergency Planning Practices and Criteria after the Chernobyl 
Accident" was presented in Session I as an introductory paper for the Yorkshop 
discussions. 

The following sessions were included: 

Session I - Overview of Emergency Planning Practices and Criteria 
after the Chernobyl Accident 

Session II - Developments Concerning the Basis for Off-Site Emergency 
Planning 

Session III - Surveillance, Monitoring and Decision-Making 

Session IV Experience from Emergency Planning and Response in the 
Non-Nuclear Field 
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Session V - Design of and Experience from Nuclear Emergency Exercises 

Session VI - Conclusions and Recommendations 

The Workshop was chaired by Mr. Serge Pretre, Nuclear Safety Inspector
ate, Switzerland. In addition, session chairmen were appointed to lead the 
discussions in Sessions II to V. 

The detailed programme of the Workshop was developed by a programme 
committee comprised of Mr. Baggenstos (Switzerland); Dr. Parmentier (France); 
Dr. Boeri (Italy); Dr. Travers (USA); Mr. Lindauer (Federal Republic of 
Germany); Dr. Gea (Spain); Mr. Essler (CEC); Mr. Fraser (CEC); Mr. Lenders 
(CEC); Dr. Ilari (NEA) and Mr. Viktorsson (NEA). 
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INTRODUCTION 

Apres l'accident de Tchernobyl en 1986, bien des pays ont ete amenes 
par les repercussions de ~et accident a mettre en oeuvre des mesures specifi
ques et a etablir des criteres et des valeurs de reference. A l'heure actuelle, 
ils procedent a un reexamen et a une mise a jour de leurs plans d'intervention 
tant sur le site qu'en dehors du site, compte tenu des enseignements tires de 
l'experience, afin de "mieux" se preparer a faire face aux differents types de 
situations et d'accidents lies aux rayonnements. En ce qui concerne les mesures 
sur le site, on s'est attache, en particulier depuis l'accident de Three Mile 
Island en 1979, a reduire enc9re la probabilite des accidents severes et a en 
attenuer les consequences. Toutes ces ameliorations apportees aux mesures 
d'intervention d'urgence sur le site peuvent se repercuter sur les principes 
de planification d'urgence en dehors du site. En ce qui concerne les mesures 
hors site, il a ete juge fondamental de disposer de systemes efficaces d'infor
mation meteorologique et radiplogique pour intervenir rapidement en cas d'ur
gence. C'est pourquoi les pays Membres se sont employes a perfectionner ces 
systemes, tout particulierement les systemes d'avertissement et d'evaluation 
precoces comme les systemes nationaux de surveillance, les systemes de leves 
aeroportes et les systemes de mesure de la contamination a grande echelle des 
denrees alimentaires. 

C'est ce qui ressort clairement de l'enquete menee par l'Agence pour 
l'energie nucleaire (AEN) sur les pratiques et criteres de planification d'ur
gence apres l'accident de Tchernobyl. Comme suite a cette enquete, le Comite 
de protection radiologique et de sante publique a recommande, avec l'appui du 
Comite sur la surete des installations nucleaires, d'organiser une reunion de 
travail sur les aspects techniques des pratiques, criteres et normes de plani
fication d'urgence. Or, de son cote et independamment des activites de l'AEN, 
la Commission des Communautes europeennes (CCE) avait prevu d'organiser en 
1989 une reunion analogue sous les auspices du Groupe de travail sur la securi
te des reacteurs thermiques ; en realite, la CCE s'interesse a ce sujet depuis 
plusieurs annees et a organise des groupes d'experts dont les travaux ont de
bouch€ sur la publication d'examens sur l'etat actuel de la planification 
d'urgence dans differents pays Membres et non membres de la Communaute. A la 
suite d'echanges de vues, l'AEN et la CCE ont done decide d'organiser conjoin
tement cette reunion de travail. 

L'enquete menee par l'AEN representant l'analyse la plus recente (elle 
a ete publiee en septembre 1988), c'est cette etude qui a ete utilisee pour 
determiner les sujets qui appellent en priorite un complement d'examen. L'acci
dent de Tchernobyl a mis l'accent sur la necessite d'approfondir l'examen des 
aspects multilateraux de la planification d'urgence ; or, pour se faire, il 
est necessaire d'ameliorer la connaissance mutuelle des strategies nationales 
et des raisons qui sont a l'origine des differences observees. Comme le montre 
l'examen de l'AEN, ces dernieres portent sur uncertain nombre d'aspects tels 
que le terme source et les criteres radiologiques, les methodes de surveillance 
de l'environnement, de gestion des donnees, de prise de decision, etc. 
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Il a semble d'autre part que l'expe~i~pqe acquise au cours des exercices 
d'intervention en cas d'urgence et la plani~~~ation dans des secteurs autres 
que nucleaire pouvaient fournir egalement une aide precieuse. Cette reunion a 
ete con9Ue pour permettre de developper ces sujets et elle Visait notamment a 

Examiner les aspects techniques concernant : 

a) les criteres et les normes servant de base a la planification 
d'urgence hors site et les relations entre la planification 
d'urgence sur le site et hors site 1 

b) les incidences de !'evaluation des cansequences des accidents sur 
la planification d'urgence 

c) la definition des zones de planifiqation d'urgence, des mesures 
de protection ainsi que des ressources et des procedures a mettre 
en oeuvre en cas d'urgence. 

Determiner les secteurs susceptible~ de donner lieu a un consensus 
international sur les criteres, m~thodes et techniques applicables 
aux systemes de surveillance de la ra4ioactivite dans l'environne
ment, a !'evaluation de la situation radiologique et a la gestion 
des donnees. 

Examiner l'experience acquise en ml'!tiere de planification, en,par
ticulier les mesures d'intervention appliquees dans des secteurs 
autres que nucleaire qui semblen~ ~mportantes et utiles pour la 
planification en cas d'urgenc~ nucl~aire. 

Examiner les criteres, methodes et ~esultats des grands exercices 
d'intervention en cas d'urgence dans le secteur nucleaire, et de
terminer l'utilite et les possibilites d'organiser des exercices 
multinationaux. 

La reunion a porte sur les reacteurs nucleaires de puissance et a mis 
l'accent sur les innovations, les modifications et les tendances, en particu
lier celles qui ont ete suscitees par l'accident de Tchernobyl. 

Les questions liees a !'information g~ public et a la contamination des 
denrees alimentaires n'ont pas ete abordee§, car ces sujets avaient deja ete 
traites au cours de plusieurs reunions internationales, dont certaines etaient 
organisees par l'AEN et la CCE. 

La reunion de travail s'est articulee autour de la presentation de com
munications sollicitees sur les themes proposes et des debats auxquels elles 
ont donne lieu. En outre, un certain nombre d'autres communications ont ete 
presentees a cette occasion dont le texte figure dans le present compte rendu. 
L'enquete de l'AEN intitulee "Emergency Planning Practice and Criteria after 
the Chernobyl Accident" (Pratiques et criteres de planification d'urgence 
apres l'accident de Tchernobyl) a ete exposee lors de la seance I a titre 
d'introduction aux debats. 
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Le programme de la reunion comprenait les seances suivantes : 

Seance I - Aper9u general des pratiques et criteres de planification 
d'urgence suite a !'accident de Tchernobyl 

Seance II - Evolution recente des principes de la planification 
d'urgence en dehors du site 

Seance III - Surveillance, controle et prises de decisions 

Seance IV Experience acquise en matiere de planification et 
d'intervention d'urgence dans le secteur non nucleaire 

Seance V Conception des exercices d'urgence en cas d'accident 
nucleaire et experience acquise en la matiere 

Seance VI - Conclusions et recommandations 

La reunion a ete presidee par M. Serge Pretre, Division principale de 
la securite des installations nucleaires, Suisse. Des presidents de seance ont 
en outre ete nommes pour mener les debats au cours des seances II a v. 

Le programme detaille de la reunion de travail a ete elabore par un 
Comite du programme compose de M. Baggenstos (Suisse), Mme Parmentier (France), 
M. Boeri (Italie), M. Travers (Etats-Unis), M. Lindauer (Republique federale 
d'Allemagne), M. Gea (Espagne), M. Essler (CCE), M. Fraser (CCE), M. Lenders 
(CCE), M. Ilari (AEN) et M. Viktorsson (AEN). 
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S. FINZI - COC 

I am pleased to ~lCCl!IE you to the Workshop 
on Technical Aspects of Energency Plarming, jointly organized by the 
NEA and the COC. 

In the last years after Chemoby 1 sarething happened concerning the 
arergency plarming in ~stem countries : if it is true that the 
Chemobyl accident had no influence on the design of reactors, it had 
certainly an influence on the approach for erergency m=asures in 
Nuclear Power Plants. · 

Countries have evaluated their respective situations with a view of 
improving where necessary their plans. Authorities and utilities have 
reinforced and refocussed activities and made :r:eccmrendations in many 
areas. We have the feeling that for this reason this workshop is t.imaly 
and particularly interesting. 

Prior to the Chemobyl reactor accident nuclear erergency plans v.ere 
based rrainly on individual nuclear sites and gave relatively limited 
geographical coverage around each site, although sore flexibility was 
provided. At national levels, plans for the collection, collation and 
analysis of data in t.~e event of an accident ~re similarly limited. 
If a site was sufficiently near fran another State to introduce 
possible transfrontier effects, bilateral arrangerents \vere made un a 
counti:y by country basis. 

Chemobyl highlighted the inadequacy of simultaneous nationwide 
nonitoring procedures the quantities of data, generated with 
considerable success by ad hoc arrangerents, greatly overloaded 
national provisions. Moreover, there ~ no advance procedures for 
international exchange of infonnation or for the coordination of 
countenneasures, again requiring the introduction of ad hoc 
arrangerents. '!he system altogether coped, but it was clear that 
changes would be required. 

In fact the amplitude of the accident was absolutely unexpected : as a 
result of that, a lack of preparedness was evident. 
In spite of the fact that the event provoked the stop or the suspension 
of the nuclear energy plans in certain countries, slowing down the 
developrent of nuclear energy, in view of the presence of 400 operating 
Nuclear Power Plants in the world it is ca:upulsory to develop a serious 
and reasonable erergency preparedness. 
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fl:rergency plans need to be seen not just in a local or even national 
context but also in the context of intei:national plans. And v;e need 
not only intei:national arrangere:nts but the opportunity for national 
arrangere:nts to benefit fran \IDrk carried out elsewhere. 
Our \IDrkshop is intended to give just such an opportunity. 

The progranm::! is concentrated on the discussions to off-site nEasures 
and reflects the highly canplex multi-disciplinary nature of e:rergency 
planning. ~. given this conscious limitation, there is extensive 
coverage of the problems and the solutions identified. The \IDrkshop 
progrannE covers intei:national arrangere:nts, the principles of off-site 
planning and their application in specific national schenes and 
teclmical aspects of envirol11l¥3I1tal nonitoring and data managere:nt. 
It includes furthenrore two other aspects of great i.Irt.!;:ortance : 
experience in the non-nuclear field and energency exercises. 

In the nori-nuclear field the plans aiming to protect against different 
types of hazard involve much ccmron ground with nuclear energency; they 
concern airborne and focx::l contamination and the corresponding 
counterrcEasures. Perhaps insufficient attention was paid in the past to 
the :POOling of experience to our mutual benefit for future planning. 

As to nuclear energency exercises, whether at local, national or 
intei:national level, these represent very i.Irt.!;:ortant neans of testing 
the plans and the experience gained fran them is therefore essential. 

I \\Ullld like to take this opportunity to say a few \ID:rds on the role of 
the intei:national organizations. I think it is true to say that all of 
the major organizations involved "WOuld see as a major obligation 
provisions for the exchange of infonnation leading to a better 
identification and understanding of the problems whether by initiating 
and publishing research results or reviews, or by organizing rreetings 
such as the present \IDrkshop. 
Some of the organizations have been given nore specific 
resp::>nsibilities by their Member States and, for exanple, v.e will 
certainly hear in Session I fran Dr. Asculai the IAEA role in respect 
of the 1986 Vienna Conventions on Early Notification of a Nuclear 
Accident and on Mutual Assistance. In the sarre way the Ccmnission of 
the European Camrunities has to implere:nt the Camrunity Urgent 
Radiological Infonnation Exchange arrangere:nts, pennissible foodstuffs 
contamination levels in ene:rgencies and, through its Radiation 
Protection Research ProgrannE, the coo:rdination of research effor...s. 
we seek to facilitate the tasks of our Member States and to that extent 
v.e seek hanronization not only within but, where relevant, beyond the 
Camrunity. For this reason v.e seek to \IDrk together with other 
relevant international organizations wherever appropriate. 

Thus, the OECD!NEA has carried out the nost recent review of national 
ene:rgency planning which will be presented by Mr. Viktorsson in 
Session I. The Ccmnission carried out earlier canparable studies and v.e 
are pleased to collaborate with OOCD. 
In the sarre way wa are cooperating with the IAEA to ensure ma.x.i.rmnn 
ccmpatibility of our respective ene:rgency infonnation systems and also 
to coo:rdinate radiation protection research efforts. 
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On this last subject the Carrnission will present in this workshop sa:re 
of the activities relevant to arergency planning. The m::>re important of 
these are: 

the acquisition and illlproverre:nt of data and 11Ethods for use in any 
future upjate or revision of the Council Regulation on foodstuffs; 
the developnant of decision aiding teclmiques for use in real time 
and in pre-planning optimum intervention strategies; 
the developnant of real tilTE arergency systems for use in the 
early stages of resp:mse to an accident. 

To roaxiroize benefits it is essential that the international 
organizations maintain cooperation. On the other hand there is a very 
high willingness of cooperation beb;een the countries, and this gives 
confidence on the possibility of solving efficiently and coherently 
also practical problens. A coherent approach indeed certainly increases 
the confidence of the public on the capacity of the Authorities to cope 
with all arergencies; and to gain or regain the confidence of the 
public is, at present, a real duty for the nuclear industry as a whole. 

I am pleased that about 100 experts fran 20 countries and organizations 
are participating to the workshop. I hope you will find the WOrkshop 
rewarding and enjoy Brussels. 
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EMERGENCY PLANNING PRACTICES AND CRITERIA 
IN THE OECD COUNTRIES 

AFTER THE CHERNOBYL ACCIDENT 

C. Viktorsson 
OECD Nuclear Energy Agency, Paris, France 

G. Boeri 
ENEA-DISP, Rome, Italy 

ABSTRACT 

Following the Chernobyl accident in 1986 many countries had to implement 
ad hoc measures and estabish criteria and reference values to respond to the 
accident impact. They are now reviewing and updating their plans and organisa
tion for on-site as well as off~site measures to take into consideration expe
rience gained and lessons learned in order to develop a "better" preparedness 
to handle different kinds of situations and radiological emergencies. 

This comes from a survey on "Emergency Planning Practices and Criteria 
after the Chernobyl Accident", which was carried out by the OECD Nuclear 
Energy Agency. This paper summarises the main findings of the NEA Survey. It 
is principally focussed on the off-site aspects of emergency planning and pre
paredness with emphasis on the changes being considered as a consequence of 
the Chernobyl accident. The information in the paper reflects the situation 
in the Member countries at the end of 1987. 

ASPECTS TECHNIQUES DES PRATIQUES, CRITERES 
ET NORMES DE PLANIFICATION D'URGENCE 

APRES L' ACCIDENT DE TCHERNOBYL 

RESUME 

Apres !'accident de Tchernobyl en 1986, bien des pays ont ete amenes 
par les repercussions de cet accident a mettre en oeuvre des mesures specifi
ques et a etablir des criteres et des valeurs de reference. A l'heure 
actuelle, ils precedent a un reexamen et a une mise a jour de leurs plans 
d'intervention tant sur le site qu'en dehors du site, compte tenu des ensei
gnements tires de !'experience, afin de "mieux" se preparer a faire face aux 
differents types de situations et d'accidents lies aux rayonnements. 

C'est ce qui ressort d'une enquete intitulee "Emergency Planning 
Practices and Criteria after the Chernobyl accident" (Aspects techniques des 
pratiques, criteres et normes de planification d'urgence), qui a ete effectuee 
par l'Agence de l'OCDE pour l'Energie Nucleaire. Cette communication resume 
les principales conclusions de l'enquete de l'AEN. Elle est principalement 
axee sur les aspects de planification d'urgence en dehors du site et les plans 
d'intervention, et souligne les modifications resultant de !'accident de 
Tchernobyl. Les informations fournies dans cette communication refletent la 
situation dans les pays Membres ala fin de 1987. 
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1. BACKGROUND 

Although the primary contribution to the protection of the public from 
any risk associated with a nuclear installation comes from engineered safe
guards, good design, quality in construction, ensuring competence of staff in 
operation and maintenance, proper site selection and effective quality assur
ance, emergency planning and preparedness, on-site as well as off-site, is 
considered a necessary and complementary part of the support for any nuclear 
installation in order to protect both the staff and the population in the case 
of an accident leading to releases of radioactive substances [1]. 

The accident at TMI-2 in 1979 was a milestone for new studies and 
actions in the area of emergency planning and nuclear safety. 

In the field of emergency planning the conclusions drawn from that 
experience may be summarised in the following way: more attention has to be 
paid to emergency facilities that would assist the management in an accidental 
situation; a possible weak point of the whole emergency organisation could be 
the communications system, the network becoming easily overloaded, and some 
safe lines for communicating among authorities and the utility staff have to 
be assured; monitoring and assessment capabilities had to be reviewed and, in 
some instances, improved; coordination of monitoring efforts and of the inter
pretation of the data, including some sort of quality control, was proved 
essential when more than one organisation is involved if confusion in the 
relations with the media, the public and the authorities is to be avoided; 
public information and communication, including that prior to an accident, 
were stressed as the most important points for the "political" handling of an 
accident situation [2, 3]. 

A last obvious observation is that preparedness must be ensured by 
having valid emergency plans, exercised at all times, while coordination of 
interventions and lines of responsibilities must be clearly defined. 

Concerning nuclear safety, the main attention before TMI was focussed 
on design basis accidents. As a result of TMI, severe accidents, such as core 
degradation and core melt accidents, are now an integral part of nuclear safe
ty considerations and the need for procedures and technical means to cope with 
severe accidents is recognised [4]. Based on the lessons learned, particularly 
from the TMI accident, many improvements have been made in the reactors in the 
OECD countries to prevent severe accidents, although considered very improba
ble, and to mitigate the consequences of accidents, for example by extensive 
backfitting and accident management programmes including operator training, 
and installation of mitigation systems in selected cases, such as additional 
spray systems and filtered venting of containments. 

The accident at Chernobyl-4 in 1986 can be considered a second mile
stone concerning emergency planning and preparedness. Concerning safety 
issues it was concluded in a report by an NEA group of safety experts after 
the Chernobyl accident [4]: 

"The main conclusion emerging from this report is that the (;hernobyl 
accident has not brought to light any new, previously unknown phenomena or 
safety issues that are not resolved or otherwise covered by current reactor · 
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safety programmes for commercial power reactors in OECD Member countries. 
This fact, taken together with design and operation differences between the 
Chernobyl plant and commercial nuclear power plants in OECD countries, leads 
to the conclusion that no immediate or regulatory actions are considered 
necessary as a consequence of the Chernobyl accident. 

Nevertheless, whenever a reactor accident as serious as Chernobyl 
occurs, it is prudent to make an appraisal of current safety programmes, for 
example to evaluate the possible need for further verification studies or some 
shift in emphasis between various technical areas. The report identifies a 
number of candidate areas for such an appraisal, noting that their relative 
importance may vary among OECD countries, due to differences in such areas as 
reactor design or national regulatory practices". 

On the other hand, many new studies and actions related to emergency 
planning and preparedness have been initiated, as well as studies concerning 
environmental contamination. It has been concluded in a report published by 
the OECD/NEA [5]: 

"There is no doubt that the Chernobyl accident, its development and the 
way in which its consequences have been managed have offered a number of les
sons to be learned. Further improvement of emergency preparedness and public 
protection measures will depend on an in-depth reflection on these lessons, a 
process which is actively being pursued by national authorities and inter
national organisations, including the NEA." 

However, in order to facilitate the understanding of the actions taken 
concerning off-site emergency planning and preparedness, it is necessary to 
keep in mind the following statement by the ICRP in its Publication No. 40: 

"The preparation of emergency plans should be based on considerations 
of a wide range of potential accidents, including those having low probabili
ties of occurrence, and must take account of the type of nuclear facility and 
the site characteristics. For major installations a wide range of accidents 
is possible, but those leading to more severe consequences generally have 
lower probabilities of occurrence. Therefore, the degree of detail in plans 
should decrease as the probability of the accident decreases. In addition, 
the plans will need to have a degree of flexibility in their application to 
take account of the conditions prevailing at the time; for example, adverse 
weather conditions could influence the decision to introduce a given counter
measure". 

It should also be considered that, the international guidance in the 
field of emergency planning and preparedness is extensive and influences 
decisions taken on a national level. In some areas rather detailed guidance 
is issued and a homogeneous picture appears when comparing practices in 
different countries. In other areas, less detailed guidance has been issued. 
Such areas concern release assumptions to be used as a basis for emergency 
planning, and guidance on the distances up to which main countermeasures have 
to be planned for in detail - the emergency planning zones. In these cases a 
less homogeneous picture appears. However, although many factors, technical 
as well as non-techncial, play a role in defining national practices, an 
important one seems to be the guidance published by various international 
organisations. 

- 25 -



Finally, socio-economic and political considerations are behind many of 
the decisions in the field of nuclear emergency planning, complicating the 
possibility of a direct comparison of practices in different countries. 

2. PURPOSE AND SCOPE 

The main purpose of this paper is to review the emergency planning 
practices and criteria adopted in OECD Member countries, with particular 
reference to the changes which have been or are being introduced as a con
sequence of the Chernobyl accident. The paper summarises the findings in the 
NEA report "Emergency Planning Practices and Criteria after the Chernobyl 
Accident- A Critical Review." [6] 

The information in the report and in this paper is principally focussed 
on the off-site aspects of nuclear emergency planning and reflects the situa
tion in the Member countries at the end of 1987 and it might well be that 
additional changes were introduced in the emergency planning practices and 
criteria of several countries after the answers were sent to the Secretariat. 

It should also be noted that several of the questions were mainly 
relevant to nuclear power reactor operations. However, the basic philosophy 
for emergency planning is rather general and applies in similar ways to 
different emergencies. Therefore, the information in the report should be 
valid for different types of radiological emergencies, although emphasis is 
placed is on nuclear power reactor field. 

The information that has been supplied and analysed was gathered 
through a questionnaire that was sent to all Member countries. 

The questionnaire was organised in seven sections: 

A) 

B) 

Principles for Planning 

Criteria and Standards 

C) Emergency Response Functions and Organisation 

D) Protective Measures 

E) Medical Assistance 

F) Assessment of the Situation 

G) Information, Notification, Updating and Exercises. 

For each section the Member countries were required to indicate what 
was standard, and what criteria were followed (if any), to what extent was 
international guidance followed or implemented, how the Chernobyl experience 
had or was going to modify their previous arrangements, and what type of 
previsions and organisational changes were envisaged. Almost all countries 
returned their questionnaires, in many cases with reference material that 
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supplied a rather comprehensive and detailed basis for the compilation of the 
NEA report. In some cases other sources of information was used, such as 
reports present~d in various international meetings. 

3. PRESENTATION AND ANALYSIS OF ANSYERS 

Following the Chernobyl accident in 1986, many countries had to imple
ment ad hoc measures and establish criteria and reference values to respond to 
the accident impact. Th~y are now reviewing and updating their plans and 
organisation to take into consideration experience gained and lessons learned 
in order to develop a "Better" preparedness to handle different kinds of radio
logical emergencies. The nuclear accidents experienced so far have shown the 
importance of being prepal;'.;d to handle different types.of consequences from 
purely informing the media arid the public about a possible release up to 
applying countermeasures on a nationwide basis. 

Principles for planning 

The basic philosophy, developed in the ICRP Publication 40, the IAEA 
Safety Series 55 and 72, [7, 8] and the CEC "Radiological Protection Criteria 
for Controlling Doses to the Public in the Event of Accidental Releases of 
Radioactive Material .... " 1982, [9], seems to be largely adopted. 

Concerning the basic principles for planning intervention, first priori
ty will be given to actions aimed at avoiding non-stochastic effects and to 
limiting stochastic effects by introducing countermeasures which achieve a 
positive net benefit to the individuals involved (principles (a) and (b) of 
the ICRP Publication 40). Some countries point out the difficulties of imple
menting principle (c), which says that "the overall incidence of stochastic 
effects should be limited as far as reasonably practicable by reducing the 
collective dose equivalent". Additional international guidance could prove 
useful in this field, particularly concerning the clarification of the rela
tive role of the principles (b) and (c). This issue is one of the principal 
questions being examined by the ICRP in the on-going review of their 
Publication 40. 

In the light of the work going on at present in the Member countries, 
it seems obvious that the different aspects of responding to a transboundary 
impact had not been considered in detail before the Chernobyl accident. Many 
countries, including those relatively far from operating nuclear power plants, 
are now developing and up-dating plans, on a national basis, to handle aspects 
related to a large scale territorial contamination. 

The implementation of the two IAEA Conventions, the Convention on Early 
Notification of a Nuclear Accident and the Convention on Assistance in the 
Case of a Nuclear Accident or Radiological Emergency [10] by many countries, 
together with the EC Council Decision on "Specific Community Arrangements for 
the Early Exchange of Information and on Community Adherence to the correspond
ing IAEA Convention" [11] require in many cases modification of existing plans 
and organisational set-ups and will also imply a need for harmonisation between 
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the countries concerned and this will require additional guidance in the spe
cific fields involved. 

As a result of the problems encountered since the Chernobyl accident, 
for example, in defining intervention levels which apply beyond limited areas 
to foodstuffs and to national and international trade, intensive work in the 
field of guidance on emergency related matters has been done or is on-going. 
All this might be reflected in further changes. 

It has to be admitted that the guidance issued in the past by interna
tional organisations has mainly been concentrated on aspects in the near-field, 
for example, by the introduction of the concept of emergency planning zones. 
Many countries are at present facing the problem of how to extend to the far
field and in the long term criteria than can match these developed for the 
near-field, and the international organisations are revising their guidance in 
this field in the light of the Chernobyl experience. 

It should be noted that most of the guidance relative to the near-field, 
as developed in the past, will also apply in the case of severe accidents to a 
more extended area; in addition to this far-field problems will have to be 
included in the planning as they introduce additional and different considera
tions. In fact, in this case greater numbers of people are involved at dif
ferent times and greater resources may be required, as the emphasis of the 
intervention will be progressively placed on the principle (c) of ICRP 40. 

Criteria and standards 

It is clear from the survey that a certain uniformity exists between 
the Member countries regarding exposure pathways, criteria for considering 
them, types of countermeasures planned for, and, to a certain extent, primary 
intervention levels. However, the source-term, or in general the assumptions 
used as a start for considering a radiological emergency, differ considerably 
from one country to another. This also has some implications for the defini
tion of emergency planning zones, although the connection between the assumed 
source-term and the emergency planning zone radius is not very straightforward. 
It seems to follow a complex function with several factors taken into account 
technical as well as non-technical, i.e., socio-economic/ political'factors 
seem to play a role in the definition of, for example, the emergency planning 
zone radius. Figure 1 shows the planning zones in Member countries with a 
nuclear programme. 

It could be concluded that emergency preparedness is constituted by two 
main components: 

(a) A general organisational scheme of actions and criteria for 
countermeasures that is valid in any country and is relatively 
independent on the release consideration, i.e., evacuation, 
sheltering, food control, etc.; and 

(b) A second part which, in some countries, is specific to a given 
installation and, in others, is of a more general nature and thus 
considered valid for all installations (i.e., emergency planning 
zone distances, release assumptions, etc.). 
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Planning Zones in Member Countries 
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Figure 1. Planning zones in Member countries with a nuclear power programme 

Finally, the importance of the control of the food pathways, including 
the development of intervention levels or emergency reference levels has been 
clearly shown, as well as the necessity of considering also appropriate 
(derived) intervention levels in other areas when a situation arises where a 
general contamination of the environment is experienced. Such areas where 
international guidance was almost lacking at the time of the Chernobyl 
accident and where actions might have to be taken are for example: 

international travel and transport; 

protection of particular groups of workers, such as agricultural 
workers, workers changing air-conditioning filters, etc.; 
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different types of environmental contamination, such as dispg§~l of 
sewage sludge, ashes, etc. 

York is going on presently to develop some guidance in this field 
internationally for example within the NEA and its Task Group on Intetvention 
Criteria. 

Emergency response function apd organisation 

The Chernobyl experience has snown that a general emergency e~epar@dness 
as well as an organisational structure with capabilities and resource~ to·- carry 
out measurements and providing information to the public, the media and to 
involved bodies is extremely important and can greatly assist in helping t9 
mitigate the effects of an accident. Consequently, many Member Countries are 
at present re-evaluating their responses to the Chernobyl accident· Countries 
'vith a nuclear power programme as well as "non-nuclear" countries are improving 
their planning and preparedness in order to be able to respond efficiently to 
a radiological contamination covering significant parts of their territory 
even outside the traditional emergency planning zones. The emergency plans 
will be up-graded and, in m~ny countries, extended to cover the whole of the 
territory, considering particularly monitoring and assessment and systems for 
collection of data and dissemination of information. This demands the estab
lishment of numerous response functions in an organisation with defined re
sponsibilities and clear lines of communication. 

A rapid assessment of the situation is extremely important in order to 
be able to decide whether protective actions are to be taken or not. In this 
respect, reliable systems for early warning and resources for rapid mapping of 
a fall-out situation are essential as well as systems for central collection 
of data and rapid dissemination of information. To implement and co-ordinate 
these actions during the initial period of an emergency the establishment of a 
central "lead" organisation has proved advantageous, taking into account the 
experiences gained within many countries during the Chernobyl accident. The 
International Conventions on Early Varning which were mentioned earlier are 
central in this context. The "point of contact", i.e., the organisation(s) to 
be notified by an accident country or by the IAEA is being included in the 
emergency plans and the notification chain within the country clarified. 

Protective measures 

Most countries assign to public authorities the responsibility for im
plementing protective measures, especially in the case of evacuation, reloca
tion, thyroid control, food and traffic control. It is generally foreseen 
that local authorities, as being on the spot, will be in charge of the imple
mentation of most of the protective measures, with the possible support from 
central authorities whenever it is required. Some of the actions however, 
like sheltering, or even evacuation (in a few instances), are left to private 
initiatives, but are generally dependent upon advice or instructions from pub
lic authorities. Food control on a wide basis is generally assigned to central 
bodies, especially when policies are involved. However, in some countries 
local authorities can be responsible for the food control. 
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Only a few countermeasures in some countries would be triggered off 
automatically, and in this case possibly on the basis of the type of accident 
which has happened. All countries, independently of this, would base counter
measures on the results of dose projections and/or radiological monitoring 
carried out. In some countries, sheltering, as a precautionary action, is 
initiated automatically within limited distances. 

For transboundary impacts it is generally not expected to be necessary 
to introduce extreme actions like evacuation of important groups of popula
tion. The Member countries, as a consequence of the Chernobyl accident, did 
not introduce any urgent protective actions, apart from those related to the 
control of the contaminated food pathways. Moreover, some experience has been 
gained in practical countermeasures for reducing effects or consequences of 
the diffused contamination: decontamination of persons, buildings, agricultur
al areas, reducing or avoiding transfer of radioactivity through environmental 
and food-chains by specific practices like ploughing, using fertilising agents, 
administering chemical compounds to reduce uptake of caesium by animals, etc. 
This experience, though, has not been reflected in the answers to the 
questionnaire. 

Other experience in the implementation of countermeasures, like shel
tering, evacuation, traffic control, has been gathered in recent years by many 
Member countries in areas other than the nuclear power field, such as acci
dents in chemical plants, explosions, fires, etc. The exchange of views and 
experience on these matters should be encouraged by international organisa
tions as many of the facets of emergency crises management can be applied in a 
similar way to various emergency situations. 

Medical assistance 

In general, medical assistance for the population affected by a 
radiological accident is supplied at two levels. Firstly, the local level 
which includes provisions for general health care and some monitoring and 
decontamination facilities. Secondly, specialized centres for dealing with 
radiation injuries. 

Some countries are reevaluating, as a consequence of the Chernobyl 
accident, their resources for medical support in case of severe radiological 
accidents. This reevaluation includes the identification of medical facili
ties to be linked in the emergency organisations and the issuance of guidance 
to health authorities regarding the treatment of irradiated persons as well as 
on different aspects of handling contaminated individuals. Also the aspects 
of international co-operation and assistance in the field of specialised 
treatments are considered. 

The Chernobyl accident clearly demonstrated that the people at risk, as 
far as acute effects of radiation are concerned are the ones involved in on
site actions during an emergency. This shows the importance of having 
adequate procedures and trained personnel on-site as well as off-site, for 
example fire fighting personnel and medical support teams, prepared in case of 
an urgent need. 
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Assessment of the situation 

Most countries stated that they were going to introduce systems to 
improve their ability to respond promptly in case of a radiological emergency, 
domestic and well as of a transboundary nature. Many countries report that 
they are considering mechanisms to get "early warning" by nationwide gamma 
radiation monitoring networks besides the international early warning system 
mentioned earlier. It is evident that great attention is paid by many coun~ 
tries to the revision of the existing networks or to the installation of new 
continuously operating gamma radiation monitoring networks. Some countries 
will equip the system with automatic alarm to alert the emergency organisation 
in case of increased levels of radiation. This "alarm" will be transmitted to 
the emergency centre of the country. Instrumentation giving rapid information 
about the composition of the airborne radioactivity will also be installed, as 
reported by some countries. 

A nationwide network of monitors can give an indication of increased 
levels of radioactivity and may trigger the first actions by the national 
emergency centre in case of a radiological emergency. An example of a pro
posed national network is shown in Figure 2. The decision makers need informa
tion on the actual contamination of air and ground and on the potential for 
further contamination. In this respect work is going on to consider different 
meteorological and radiological measurement systems and models such as trajec
tory models, aerial survey systems, etc. Aerial survey systems for the map
ping of deposited radioactivity were practiced and proved efficient during the 
Chernobyl response and will therefore become part of the emergency equipment 
in many countries. 

In a later phase of an emergency more organisations will be involved, 
for example, food and agricultural authorities and much attention will be 
focused on problems related to food and fodder contamination as well as to 
international trade, as was the case in many Member countries during the 
Chernobyl response. It is certainly a lesson learnt from the Chernobyl 
accident that resources for carrying out measurement are needed centrally, as 
well as regionally, to respond to the strong demand for detailed information 
about ground radiation levels, radiation levels related to handling of dif
ferent kinds of environmental products, foodstuff contamination levels, etc. 
A preplanned network of certified laboratories to carry out these measurements 
has to be an integral part of the emergency organisation. Moreover, long-term 
problems connected to an environmental contamination have to be included in 
some way in the preparedness scheme of a country or in the emergency plans. 

Information, Notification, Updating and Exercises 

Communication with the public, the media and organisations with special 
interests if a radiological emergency occurs was identified by most countries 
as one area where improvements of accident management systems are necessary. 
In case of a situation similar to the Chernobyl impact, th~ need for informa
tion will be enormous and preplanned resources, both centrally and locally, 
are needed to cope with the situation. Some Member countries report that they 
are considering for instance computerized data banks, electronic mail and data 
transmission systems in their on-going review of the whole complex of questions 
related to this subject. 
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Figure 2. The proposed RIMNET Network in the United Kingdom 

Furthermore, the countermeasures adopted by public health authorities 
during the Chernobyl accident raised difficulties in terms of public under
standing and acceptance due, in part, to the perception of discrepancies in 
national, regional or local response to the accident, but also to a more basic 
lack of comprehension of the complex radiation protection considerations in
volved. Therefore, work is going on nationally and internationally to analyse 
appropriate methods and language to be used when explaining to the public 
scientific concepts underlying radiation risks and radiation protection, and 
the technical rationale for the choice of protective actions in an emergency. 

The Chernobyl experience also showed that the dissemination of informa
tion to the public has to be done centrally as well as locally, i.e. there 
seems to be a tendency, at least in some countries, to decentralise the 
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systems of information to the general public. All questions from the public 
will be impossible to handle by a few national authorities. For example, one 
country reports that the national radiation protection authority during one 
day at the time of the Chernobyl accident registered 30,000 telephone calls. 
However, to decentralise the information services demands a lot of work and 
planning, and no country reports in detail how they are going to solve the 
problem. 

Concerning systems for emergency classification, it is obvious from the 
survey that a variety of systems exists. These systems are meant to alert the 
emergency organisation and to trigger their actions. However, as was experi
enced during the accident at TMI, the classification system was also used by 
the media in describing the severity of the situation. In case of incidents 
and accidents with a potential of causing transboundary concern, it would be 
confusing if different systems were used by different countries to explain to 
the media and the public the safety significance of the events. Recognising 
this problem, experts in some countries suggested that it might be useful to 
develop simple means to convey to the media and the public the severity of an 
incident or accident independently of the existing emergency classification 
systems by using a scale in order to put the incident/accident in perspective. 
Such a scale is presently being used in France and studies have been started 
in some other countries too for the development of such a scale, which pri
marily has to be seen as a means of facilitating early communication with the 
media and the public but may also have a role in the emergency organisation or 
in the early information transfer between countries. 

Finally, emergency exercises and training of responsible personnel at 
plants and off-site authorities are considered as an important part of the 
emergency preparedness. Different types of exercises are carried out, from 
purely on-site drills to major exercises involving governmental bodies on a 
national basis. Moreover, in some regions even bilateral exercises are carried 
out as part of agreements between countries to exchange information in the 
field of nuclear emergency planning. 

3. CONCLUSION 

Past experiences from nuclear accidents have clearly shown the impor
tance of being prepared to handle different types of consequences, from purely 
informing the public and the media about a possible release, to applying 
countermeasures on a nationwide basis. The NEA survey showed that the coun
tries rapidly analyse the experience received from the accidents and adjust 
their practices in order to be well prepared for possible future events. It 
showed as well that international cooperation and assistance in this field are 
essential in order to ensure similar levels of protection provided to the pop
ulation in case of a nuclear accident. 
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SELECTED HIGHLIGHTS OF ONGOING AND PLANNED IAEA INITIATIVES 
IN EMERGENCY PLANNING AND PREPAREDNESS 

Frank A. Wenslawski, Ephraim Asculai 
International Atomic Energy Agency 

Vienna, Austria 

ABSTRACT 

A review of some of the IAEA's activities in the area of Emergency 
planning and Preparedness is presented, oriented towards the topics of 
interest of the NEA/CEC Workshops there. 

Among the activities reviewed are: the upcoming symposium on recovery 
operations from a major nuclear accident or radiological emergency, the 
activities relating to the principles and intervention levels to be applied in 
defacto situations, the utilization of real-time models in emergency 
situations and the IAEA's own preparedness for responding to its obligations 
under the two conventions. 

PLANIFICATION ET INTERVENTION EN CAS D'URGENCE : 
APERCU DES INITIATIVES EN COORS ET PREVUES AU SEIN DE L' AIEA 

RESUME 

La presente communication expose certaines des activites de l'AIEA dans 
le domaine de la planification et de l'intervention en cas d'urgence, l'accent 
etant mis sur les sujets qui interessent les reunions de travail AEN/CCE 
tenues dans le cadre de cette Agence. 

Parmi les activites exposees figurent le prochain colloque sur les ope
rations de retablissement des conditions normales de fonctionnement a la suite 
d'un accident nucleaire majeur ou d'une situation d'urgence radiologique, les 
travaux consacres aux principes et aux niveaux d'intervention devant etre 
appliques dans des situations de facto, l'utilisation de modeles en temps reel 
dans des situations d'urgence et les mesures prises par l'AIEA elle-meme en 
vue de faire face a ses obligations au titre des deux conventions. 
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The purpose of this paper is to give an overview of some of the 
Agency's post-Chernobyl activities related to emergency planning and 
preparedness. The paper will not go into great depth on any one activity, but 
will briefly mention a number of things the Agency is doing in relation to the 
subjects of this Workshop. 

As the first topic, and of immediate concern, is the fact that the 
Agency is holding an International Symposium to be held in Vienna in November 
of this year. This Symposium will focus on recovery operations from a major 
nuclear accident or radiological emergency. As everyone is well aware, much 
effort has gone into planning for the more immediate effects of an accident, 
but not so much has been said or done on the lesson from Chernobyl regarding 
the arduous, protracted recovery period. This symposium will explore the 
subject and should be of interest to all those involved in emergency planning 
and preparedness. 

The next topic more directly related to this week's meeting is criteria 
and standards used as a basis for off-site emergency planning. Question Al of 
the NEA survey inquired whether countries adopted the basic philosophy of ICRP 
40 and IAEA Safety Series No. 72 which, stated briefly, are: 

(a) Serious nonstochastic effects should be avoided by the 
introduction of countermeasures to limit individual dose. 

(b) The risk from stochastic effects should be limited by 
countermeasures which achieve a positive net benefit. 

(c) The overall incidence of stochastic effects should be limited, as 
far as reasonabley practicable, by reducing the collective dose 
equivalent. 

In the post-Chernobyl environment, several of the international and 
intergovernmental organizations were requested to review the adequacy of their 
existing guidance on the application of intervention levels, together with the 
criteria, just mentioned, upon which numerical values of intervention are 
based. Although intervention levels are not a subject of this meeting, 
thecriteria upon which the intervention levels are based, is worthy of some 
discussion, particularly since essentially all countries replied to question 
Al, that they have adopted these criteria. In February 1987 the IAEA convened 
an Advisory Group to re-examine the radiation protection principles upon which 
primary and derived intervention levels were based. That meeting resulted in 
publication of an interim report (TECDOC-473) on the development of revised 
guidance. The interim report amplifies and elucidates the fundamental 
principles with the objective of aiding their better understanding and their 
more consistent application. In a continued effort to achieve clarity on the 
subject, the Agency convened another Advisory Group meeting in November 1988. 
To assure continuity with developments within the ICRP on the subject, the 
Agency assured that appropriate members of the ICRP sat on the Advisory Group. 

Unfortunately, at this time, we cannot report any singular emerging 
conclusions relevant to the fundamental criteria. the Agency has found it 
necessary to convene a third Advisory Group meeting, scheduled for December of 
this year. This will be a two week meeting in a concerted, ambitious, effort 
not only to finalize the fundamental radiation protection criteria, but also 
to develop the subsequent intervention levels, and culminate in practical 
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guidance on the application utilization of these both for the members of the 
public and for workers under the emergency situations. The question to be 
asked at this time is, what affect will this pondering of the principles for 
planning intervention have on all the countries that have adopted the existing 
basic philosophy. This remains to be seen, but it is our personal feeling 
that we will not see fundamental philosophical differences that would be 
likely to result in the necessity for major restructuring of national plans 
and approaches. 

The next topic to be addressed and subject of interest to this meeting, 
is that of transfrontier aspects of emergency planning and preparedness. 
Following the international repercussions of Chernobyl, there came the 
recognition that when a transboundary release of radioactive material happens, 
facility-centered emergency response plans were not designed to address all 
the problems which may be created at long distances from the accident site. 
Furthermore, it became clear that States with no nuclear facilities of their 
own may need plans effective enough to address the complex problems which may 
arise when materials are transported by wind or water across their borders.To 
address this issue, the Agency convened an Advisory Group meeting in September 
1987 to review the situation and develop guidance. The Advisory Group and the 
Agency concluded that no new or radically different principles are called for 
to deal with this type of event. However, experience suggested that some 
additional guidance on emergency planning was necessary beyond the well 
documented, nuclear facility centered approach. Toward this end, the Advisory 
Group with a subsequent Consultant Service produced a soon to be published 
IAEA Safety Guide entitled "Response to a Radioactive Materials Release Having 
a Transboundary Impact". There is not sufficient time in this forum to go 
into details of this document. Suffice it to say that it provides an overview 
of existing guidance and how it might apply in a transboundary situation. It 
provides perspective on the necessity and practicality of applying typical 
measures such as sheltering, evacuation, administration of stable iodine as 
well as some not previously addressed matters such as actions related to 
inernational travel and transport. The main emphasis of the document is 
toward the needs of Member States which are so far from all nuclear facilities 
outside their borders that, in the event of an accident at a foreign facility, 
fallout patterns on their territories are unpredictable beforehand, thereby 
rendering as essentially useless those site specific plans for facilities 
within their borders and to member states who have no nuclear installations of 
their own and have therefore no need (or lack the technological 
infrastructure) for significant radiological emergency plans. 

Another Agency document is essentially complete. This is a document 
that is primarily directed at onsite actions that will significantly affect 
offsite planning. The title of the document will be "Monitoring Required for 
the Rapid Assessment of the Accident Severity and Release Source at a Nuclear 
Facility". This document is directly related to question B4 of the NEA survey 
which asked, "Is the triggering of countermeasures based on the assessement of 
projected doses ••• or is it based on the exceeding of pre-established derived 
intervention levels"? Response to this question shows a widespread reliance 
on the use of projected doses to trigger protective countermeasures. This is 
not surprising since much of the current guidance and attention has tended to 
focus on the use of effluent monitoring and off site radiological measurements 
as the prime basis for assessment of offsite accident consequences and the 
subsequent taking of protective measures. Although this approach is 
important, for some potentially severe reactor accidents, this may not provide 
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an adequate basis for making early radiological dose projections or 
determination of appropriate protective measures. Indeed, the more severe 
accidents, those with a significant potential to result in non-stochastic 
offsite health effects, are likely to result from an accident sequence, such 
as containment rupture, for which it is not possible to measure effluents or 
accurately determine the radiological source term. In the event of such 
severe accidents, early precautionary protective measures may have to be 
initiated purely on the basis of in-plant indications, even before any 
abnormal radiological conditions exist offsite. This concept of using plant 
conditions or precursor situations as a basis to initiate protective measures 
is introduced and briefly discussed in the existing IAEA Safety Series No. 
86. The new Safety Series document will essentially be dedicated to this 
concept. The document seeks to clarify the underlying principles; the 
concepts of assessment of accident severity and release source estimation are 
discussed in detail. Monitoring requirements, methods and equipment are 
discussed in terms of in-plant non-radiological parameters in addition to the 
more familiar radiological and meteorological parameters. It is considered 
that this document will plug a hole in the existing Agency issued guidance for 
the development of an adequate emergency planning and preparedness structure. 

Complementing Safety Series 86 is an upcoming Safety Series Guide on 
"The Use of Real-Time Models in Predicting the Radiological Consquences of a 
Nuclear Accident and Determining the Necessary Protective Measures". The 
draft of this Guide is now in the process of being finalized. 

Directly related to this activity is a development project that relates 
to the technical basis for emergency planning. On several occasions in the 
past, the Agency has been requested by Member States to assist them in the 
development of an atmospheric dispersion and dose assessment capability for 
airborne radionuclides. Experience from these ventures has shown a tendency 
to re-invent the wheel. For the past several years, technology, both in the 
modeling and in the computer science areas, has been available to produce a 
real time dose assessment model. However, no focused effort has been applied 
to develop such a capability in a generic sense that would make it 
universallyadaptable by various countries, particularly in developing 
countries. To address this matter, the Agency has entered into a two year 
project, effective the beginning of 1989 with Lawrence Livermore National 
Laboratory in the USA to develop a mini computer based, real-time dose and 
exposure assessment model that can be used to estimate the consequences of an 
accidental release of radioactive material from a nuclear facility. The 
models and support software will be modular so they can be easily customized 
to provide the terrain features and geological features that are specific to a 
given nuclear facility. The developmental work will draw from the existing 
modeling activities and experienced staff of the well known LLNL-ARAC 
programme, that is, Atmospheric Release Advisory Capability; thus enabling a 
relatively rapid completion of the project. Successful deployment of this 
system will be a major stride for off-site accident management and a 
significant asset to the decision making process. 

While on the subject of project development, and noting that monitoring 
and data management systems are on the agenda of the workshop, the Agency's 
Chernobyl environmental database project should be mentioned. This is an 
ongoing project of incorporating into a computer database, the environmental 
radioactivity data sent to the IAEA after the Chernobyl accident. The data, 
sent by 34 countries, took many forms including tables, figures, maps, 
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diagrams and computer tapes and disks. In converting this information into a 
compatible, computer form, the emphasis has been on quality assurance of data 
and software, on user-friendly retrieval, and on documenting the basis for the 
data and software. The database was intended, first, as a basis for the 
USCEAR assessment of Chernobyl radiological consequences. However, it can 
also be useful in efforts to validate models for radioactivity transfer 
through the environment, as, for example the IAEA-WMO-CEC joint Atmospheric 
Transport Model Evaluations Study (ATMES). Finally, were another major 
accident to occur, the database system itself can be useful to store, classify 
and retrieve new data. The project has also provided valuable experience in 
collecting and handling data in the quantity generated after a major 
accident. Currently, the system is fully documented, the database and 
software are operational and efforts are ongoing to load data. Aproximately 
50% of the Chernobyl data has thus far been entered. By far, the biggest 
lesson learned from this endeavor is the need for standard formatting of 
data. The IAEA jointly with the WMO, have published a Manual wich shall serve 
as a standard format of reporting immediately following a nuclear accident 
which has radiological safety significant transboundary effects. 

Although the Agency does not have an active role in the field of 
non-nuclear emergency planning, a meeting we attended this past December 
should be mentioned. This meeting, in Paris, was sponsored by the United 
Nations Environment Programme and it was their inauguration of the APELL 
programme. APELL stands for Awareness and Preparedness for Emergencies at the 
Local Level. The meeting was attended by approximately 175 individuals 
representing 40 countries, industry and various organizations. The APELL 
process is a concerted UNEP effort to increase community awareness of local 
large industrial hazards and to develop effective emergency response plans to 
deal with accidents. The programme stems from the Bhopal, India, accident and 
other serious industrial accidents and is primarily directed at the chemical 
industry. The UNEP has developed the APELL Handbook, which is a rather 
detailed, step by step process to identify hazards and proceed in the 
development of an effective emergency response plan. The UNEP has an active 
programme planned over the next couple of years to publicize and promote the 
programme. In the long term, this programme can serve to reinforce the high 
state of preparedness already in place in the nuclear industry. 

Returning to the Nuclear field, the IAEA's inhouse emergency 
preparedness activities, and those relating to our Member States, should be 
mentioned. The Convention on Assistance in the Case of a Nuclear Accident or 
Radiological Emergency and the Convention on Early Notification of a Nuclear 
Accident have been in effect since 1986. The Agency has been quite busy the 
past couple of years preparing itself to meet its obligations under the 
Conventions. These efforts include the development of the Nuclear 
Accident/Radiological Emergency Assistance Plan (NAREAP). This plan provides 
the foundation for maintaining and activating the Agency's emergency response 
system; development of the Handbook of Emergency Response Procedures, which 
contains the detailed, internal operation procedures to implement the plan; 
and the development of the Emergency Notification and Assistance Technical 
Operations Manual (ENATOM), which is a document for distribution to the Member 
State, intended to facilitate the practical implementation of the two 
Conventions. In addition, the Agency has been busy establishing its emergency 
response unit which is the facility and equipment the Agency would use to 
carry out its duties during an emergency. Finally, the Agency has developed a 
nuclear safety duty officers roster with trained duty officers available 
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twenty four hours a day, seven days a week. While the Agency is still 
polishing its efforts to develop an efficient emergency response system, it 
is recognized that a comprehensive exercise will be necessary to test the 
system. The timing of this exercise, the scenario and the participants are 
yet to be developed. Perhaps discussions during this workshop on 
multinational exercises will shed some light on the feasibility of the 
Agency's desire to have full scale implementation test for the two Conventions. 
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ABSTRACT 

The technical bases for offsite emergency preparedness in the 
United States are summarized, with emphasis on recent 
developments. Dominant considerations are the kinds of accidents 
that must be addressed and the potential releases of 
radioactivity associated with each accident type. There have 
been important new developments in both areas but the impact on 
emergency preparedness are less than might have been expected. 
No major changes in emergency preparedness requirements are 
forseen. The new developments do place added emphasis on early 
initiation of evacuation for some core melt sequences, especially 
for people within a few miles of the plant. 

BASES TECHNIQUES DES PLANS D'URGENCE HORS SITE 
AUX ETATS-UNIS 

RESUME 

La presente communication expose brievement les bases techniques des plans 
d'intervention hors site aux Etats-Unis, en mettant l'accent sur l'evolution 
recente. Les principales considerations intervenant en !'occurrence sont les 
types d'accidents qui doivent etre pris en compte et les rejets potentiels de 
radioactivite associes a chacun d'eux. Une evolution importante s'est produite 
dernierement dans ces deux domaines mais ses incidences sur les plans d'inter
vention sont moins importantes qu'on aurait pu le supposer. Aucun changement 
notable n'est prevu dans les prescriptions afferentes aux plans d'intervention. 
L'evolution recente se caracterise par !'importance accrue qui est accordee, 
dans le cas de certaines sequences de fusion du coeur, au declenchement rapide 
des operations d'evacuation des populations se trouvant dans un rayon de quel
ques kilometres de la centrale. 
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Background 

The possibility of accidents with serious offsite con$equences was recognized 
when the U.S. nuclear power program was initiated. Methods for assessing the 
potential hazards were iHI<lressed at the 1955 Geneva Conference.[!] Our fir§t 
generic study of nucl~ar power plant hazards was published in 1957 and fgr 
several years it guided our thinking about potential offsite consequences.[2] 

To control the perceived potential hazards, a "defense in depth" approact) was 
taken in the siting, [3] design, construction and oPeration of nuclear power 
plants. Emergency preparedness was seen as the last line of defense and w&s a 
part of the regulatorY requirements almost from the beginning, The early 
emergency plans were rudimentary, however, &nd failures in spme early plants 
suggested that emergency preparedness might merit more attention. "Prote~tive 
Action Guides" were· d~tveloped [4] and the Reactor Safety Study [5] showe(l that 
proper protective action could significantly reduce the off-site consequerg;es 
of a major accident. Emergency planning requirements were d(:!tailed in the 
first Standard Review Pla,n [6] and the "planning bases" for emergency response 
plans were developed wen before the accident at Three Mile Island (TMI},[l] 

The detailed regulatory requirements of Appendix E [8] to 10 CFR Part 50 
(Emergency Planning) were issued shortly after that accident, as were th~ 
criteria for plan evaluation.[9] Additional prpgress is being made, at lea$t 
partially in response to the accident at Chernpbyl. This additional progrtl§§ 
includes guidance on instrumentation [10, 11] and other aspects of coping with 
and recovering from an &CGident. Attention al$0 i~ being paid to aGcident;~ at 
facilities other than power reactors.[12] 

The U.S. NRC has an ext~nsive and comprehensive emergency preparedness program, 
The purpose of this paper is to offer an eva 1 uati on of the t;echni cal bases for 
the program and the reasons for the positions w~ have taken. 

Objectives 

The basic objective of an emergency preparedness program is to provide 
additional protection for the local populace, beyond the protectfon provided 
by plant's safety m~11sures. In an effort to oafine the extent of the pro
tection to be provicl~d, "Protective Action Guid~s" (PAGs) were developed for 
nuclear power plants [4]. (Earlier PAGs had be~n developed with f~llout from 
atmospheric weapons tests in mind.) [13 & 14] The PAG values of 1 to 5 rems 
(cSv) to the whole pody and 5 to 25 rems (cSv) t;g the thyroid of a member of 
the public are well below the levels of discernible ill effects. These dose 
values are not limits but are presented as potential doses at which action is 
initiated so th~t they can be mitigated or avoid~cl. Thus, emergency prepara
tions are designed to facilitate performing prot!'!Gtive actions wherever such 
doses can be avoided, recognizing that it may not always be possible to keep 
doses below the PAGs. 
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Just before the accident at TMI-2 in 1979, a joint NRC/EPA task force decided 
that the emergency plans should provide for: 

(1) Substantial reduction in early st!vere health effects (injury or death) 
in the event of a worst-case core melt accident, and 

(2) Dose savings for a spectrum of accidents [7]. 

These are basic radiation protection objt!ctives for emergency response and the 
plans should reflect them. 

The Task Force recommended establishment of two emergency planning zones of 
10 mile and 50 mile radii around a nuclear power plant to provide reasonable 
assurance that these objectives could be met for a spectrum of accidents and 
radionuclide releases (source terms). After TMI-2, those zones were estab
lished by regulation. 

Source Term 

Determining the timing, quantity, and composition of the radionuclide mixture 
that might be released from the reactor core and from the containment has been 
considered the most difficult aspect of determining potential offsite conse
quences of an accident. Fission product release experiments were initiated in 
1942 and by the time the NRC's siting regulation, 10 CFR Part 100 [3], was 
written in 1960, it was clear that the potential releases were strongly depen
dent on accident conditions and that those conditions could not be delineated 
accurately in advance. For licensing purposes, a standard release to the 
reactor containment (100 percent noble gases, 25 percent halogens and 1 percent 
others) was assumed and this assumption strongly influenced emergency prepared
ness before TMI-2. For licensing purposes, the containment is assumed to 
remain substantially intact. 

The "Reactor Safety Study" [5] developed 14 different source terms and used 
them in assessing reactor risks. Most of these source terms to the environment 
were smaller than the release to containment assumed in licensing analyses. 
They differed with plant characteristics and accident conditions. 

After TMI, a serious effort was made to reassess· the source term assumptions 
[15]. A sophisticated set of computer codes was developed to address each 
step in the re 1 ease process and, to the extent practi cab 1 e, the source term 
code package was checked by comparing its results to the results of tests. 
The NRC staff believes this code package represents a substantial improvement 
of the "Reactor Safety Study" [5] source terms. While the new source terms 
were often smaller than those of the "Reactor Safety Study," this was not 
always the case. The newer sturdy did not justify a major reduction of the 
conservative licensing source term or of emergency planning requirements. 

Accident Conditions 

In a system as complex as a nuclear power plant, the number of hypothetical 
accidents is very large. In assessing safety and in preparing to cope with 
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potential accidents, it is necessary to select and evaluate a systematically 
defined set of accidents. For licensing purposes, a small set of accidents 
defined in the "Standard Review Plan" [6] is analyz~d. Historically, accidents 
more severe that those of the "Standard Review Plan" were categorized as 
"Class 9" and were n_ot reviewed in the safety (licensing) review. For the 
licensing evaluations of the site and the containment systems, however, a 
release of radioactivity to containment is assumed that corresponds to the 
potential release from a "Class 9" accident. For the next generation of 
nuclear power plants (advanced reactors), Class 9 accident potential is being 
considered explicitly as part of the design basis of the plant. 

In the U.S., "conservation" and "defense-in-depth" are the fundamentals of 
licensing, whereas "realism" is the keyword for risk analyses. The licensing 
system of accident ana·lysis was developed to provide reasonable assurance that 
the plants could be operated without undue risk to the public. It was not 
intended to be a framework for determining the magnitude of the risk or for 
optimizing the safety measures. The "Reactor Safety Study" was a major step 
in that direction but it was limited. Consequently, a new study was under:.. 
taken; it was designed to reflect (1) the new understanding of the potential 
source term [15], (2) new knowledge about reactor accidents, and (3) improve
ments in reactors resulting from the TMI experience. The new study has been 
updated and published in draft form for comment as the "Reactor Risk Reference 
Document." [16] 

Containment 

For emergency planning, the containment is the most conspicuous reactor safety 
feature and one of the most important in protecting the public. No matter 
what the accident or the in-containment source term, if the containment main
tains its integrity, the public is protected. This fact has long been evident. 
The new accident study [16] also showed that integrity need not be maintained 
indefinitely; late failures such as those from overpressure or basemat melt
through are much less likely to cause offsite injury, let alone fatalities. 
Late failures also would provide more time for emergency response measures to 
be implemented. 

One important virtue of the new reactor accident study [14] is that it offers 
detailed analyses of possible containment failures. This is a complex 
analysis. The Sequoyah containment event tree, for example, has 49 top events. 
Further work is needed to reduce the uncertainties associated with the pro
babilistics of containment failure but an important step has been taken. 

The possibility of direct heating of the containment atmosphere by the sudden 
release of molten fuel is a particularly significant subject for further study 
because it tends to cause early failure and because the probability of occur
rence is highly uncertain. 
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Atmospheric Transport 

For radioactive material to cause injury, it must be transported from the core 
to where the people are. This is one of the areas of great uncertainty in 
evaluating reactor hazards. The new reactor accident study [16] did include a 
serious analysis of the behavior of aerosols in the containment atmosphere, 
which is important for the possible particulate source terms. There also are 
statistical analyses including the probability of various meteorological condi
tions. There remains the likelihood that our assessment of risk and our pro
visions for emergencies could be improved by additional work in this area. 

One of the lessons from the Chernobyl accident is that plume rise can be of 
critical importance. Ignoring the fact that hot gas tends to rise may be an 
important conservatism for dose modeling. But counting on plume rise would not 
be a prudent planning basis. Wind shifts during atmospheric transport are 
virtually ignored. We also may be overestimating the doses from radioactive 
materials deposited on the ground. Onsite deposition is also virtually 
ignored. Further studies in this area are being considered and we may benefit 
from the work being done by the CEC in this area. 

Biological Effects of Radiation 

In 1956, the U.S. National Academy of Sciences announced that ion1z1ng 
radiation was the best understood environmental hazard and radiobiological 
knowledge has advanced greatly in the last 30 years. Still, there is great 
uncertainty about the consequences of low-levels of radiation exposure. We 
base our estimates on "prudent assumptions" but recognize that the risk 
estimates may change with time. To support the new reactor accident study, the 
NRC supported an extensive study of the health effects of radiation exposure 
[17]. The NRC report is slightly more conservative than the BEIR report [18] 
in the area of low doses and it addresses the consequences of high doses in a 
manner that is convenient for use in risk assessments. Its conclusions, how
ever, are not so different from our previous models that plans and conclusions 
need to be changed. Improvements in this area are not expected. 

Value of Protective Actions 

There are a number of things that can be done to protect people from a 
release of radioactive material. These consist of: 

1. Evacuation, 
2. Sheltering, 
3. Potassium Iodide Medication, 
4. Decontamination, 
5. Medical Treatment, and 
6. Control of contaminated food and drink. 

The relative importance and effectiveness of each of these protective actions 
would depend on the situation, the objective, and the timing of the response. 
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Without question, evacuation can be effective if accomplished in time. 
Evacuation before the release can essentially eliminate exposure. Evacuation 
after a major release would be of less.er benefit but the benefit can be sub
stantial. All available evidence indicates that evacuation is easy and 
effective in most instances in the United States, although it may be traumatic 
psychologically. Large numbers of people regularly move into and out of even 
densely populated areas. There are exceptions, of course. Evacuation may be 
difficult in a snow storm and some people, such as prison inmates and invalids, 
may pose special problems (which are be recognized in the plans). Even so, 
evacuation is a first consideration. 

Sheltering may be less effective than evacuation. Most people are indoors 
most of the time anyway. The value depends on the kind of shelter available 
and the kind of release. Sheltering, however, is relatively easy and could be 
the only recourse in some instances. Shelter can be effective in larger 
cities, particularly in countries more densely populated than the USA, where 
expeditious evacuation may not be feasible. 

Potassium iodide can reduce the dose to the thyroid from radioiodine. That 
is the only potential benefit and it could have undesirable effects, such as 
misleading people about their need to take other precautions. Potassium 
iodide is a limited option. 

Decontamination and medical treatment should be provided as needed but they 
should be used on a case by case basis. In any event, they are not early 
actions. · 

Emergency Planning Zones 

In the U.S. system, there are two emergency planning zones.[19] The area within 
about 10 miles of the plant is referred to as the "Plume Exposure Emergency 
Planning Zone" {EPZ). The EPZ is the area of primary concern regarding poten
tial exposures to the plume. Beyond the EPZ, out to about 50 miles, is the 
area where the principal concern is potentially contaminated foodstuffs. 

These distances were selected somewhat arbitrarily and were deliberately 
left open to accommodate local conditions. The principal reasons for the 10 
mile plume EPZ are: 

1. Calculated doses from design basis accidents are below the PAGs beyond 
about 10 miles; 

2. Calculated doses from most core melt accidents are below the PAGs beyond 
about 10 miles; and 

3. For the most severe accidents, calculated doses generally are below lethal 
levels at this distance. 

It is also recognized that protective actions could be extended beyond 10 miles 
if conditions warrant and much more time would be available for emergency 
response beyond these distances. Another important consideration is that 10 
miles is a practicable distance for planning in the United States, a condition 
that may not be valid in more densely populated countries. 
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Impact of the New Analyses on Emergency Preparedness 

The new accident analyses [16] represent substantial advancement in several 
areas. The implications for emergency preparedness, however, are less than 
might have been expected. Perhaps the most important conclusion is that large 
early releases given a core melt still seem possible. Thus, provisions must 
be made for coping with such releases, so the scope of emergency preparedness 
requirements cannot be reduced in the U.S. at this time. 

A second very important conclusion is that the times and magnitudes of releases 
can not be predicted by the operators with confidence in real time. After 
over 20 years of study, there remains considerable uncertainty and contro
versy among experts regarding the timing and magnitude of source terms. 

There is important positive information. First, there should be at least two 
hours warning before a major release, so early emergency response could prevent 
fatalities regardless of the source term. The new analysis describes core 
melt accidents as unmistakable by the time core damage starts. With the cool
ing provided by natural circulation, melt-through and a substantial radioactive 
release to the environment should be at least two hours away. This time can be 
used effectively by people if they are provided early warning. 

Secondly, early evacuations within only about two to three miles of a plant 
can substantially reduce the conditional risk of early fatality and injury, 
regardless of the source term. 

This is consistent with the perspective presented in the NRC/EPA Task Force 
report [7] that risks decrease markedly within two to three miles -- and slowly 
beyond this distance. Fortunately, much more time would be available for 
radiological monitoring teams to identify hot spots beyond this distance -
where relocation from shelters might be prudent or necessary. 

The overall implications of these studies for emergency preparedness are: 

1. Don't delay an evacuation within two to three miles if a core melt accident 
in indicated. 

2. Monitor for hot spots as soon as possible after a release. 

It is important to remember that core melt accidents are not expected. Thus, 
a protective action scheme based on initiating early precautlonary evacuations 
for a core melt sequence, but not otherwise, would accomplish as several 
things simultaneously: - -

o Planned evacuations should be very rare because they are warranted only by 
core melt accidents. 

o Prudent, precautionary evacuation would be initiated early, for cause 
(e.g., core melt). 
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o Early evacuation within two to three miles considerably reduces risks {by 
a factor of 10 or more). 

o Hot spots beyond two to three miles can be readily identified after a 
release and relocation from them can be accomplished in a more leisurely 
manner to accomplish a dose savings objective. 

Thus, we are confident that the basic radiation protection objectives of the 
plans would be met if a severe accident were to occur. 
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ABSTRACT 

Nuclear power plants are designed 
defence-in-depth safety concept. 

in accordance with a 

In the last years an approach and strategies were established 
as an additional level of defence-in-depth against severe acci
dents, accident management. 

In addition to accident management measures, 
disaster control measures are prepared to monitor 
the consequences of severe accidents offsite. 

precautionary 
and mitigate 

GESTION DES ACCIDENTS A L'INTERIEUR DES CENTRALES ET CRITERES APPLICABLES 
A L'INFORKATION DU PERSONNEL CHARGE DES PLANS D'URGENCE BORS SITE 

RESUME 

Les centrales nucleaires sont con~ues conformement a un principe de sfirete 
fonde sur la defense en profondeur. 

Ces dernieres annees, on a adopte une demarche et des strategies appelees a 
constituer un niveau supplementaire de defense en profondeur contre les 
accidents severes, a savoir la gestion des accidents. 

Outre les dispositions relatives a la gestion des accidents, des mesures de 
protection contre les catastrophes sont en train d'etr~/E!laborees en vue de 
controler et d'attenuer les consequences des accidents severes en dehors du 
site. 
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1. The Defence-in-depth Safety Concept of Nuclear Power Plants 

In all fields of human activities the protection against possible 
dangers is based on two major concepts. The first deals with 
preventing damage by taking appropriate precautionary measures, 
the second tries to limit the extent of possible damages. The 
greater the extent of possible damages becomes, the more important 
become precautionary measures which, by eliminating endagering 
mechanisms already in the forefield, provide for a greater 
distance to the manifestation of the danger. In protecting vital 
functions from large potential dangers, the principle of multiple 
defence lines in the sense of a graduated prevention has been 
proven to be most effective. 

Already in the early days of civilian use of nuclear energy it was 
realized that preventive measures in this respect have a great 
significance. This led to the development of an extensive safety 
concept based on the principle of graduated prevention mentioned 
above. From the beginning, one strove to develop safety 
measures far ahead in the preventive area wherever this was 
possible and reasonable from a technical standpoint. The danger 
potential from radioactive materials is contained within many 
consecutive physical barriers. These themselves are protected by a 
graduated system of precautionary safety measures, the 
defence-in-depth concept (see Figure 1). In line with the 
principle of applying protective measures as far ahead in the 
preventive area as possible, the underlying principle is to 
prevent defects and disturbances from the beginning before 
larger damages can develop. 

- Level 1 

At the first level, high quality standards are applied to all 
plant components with the goal of preventing failures from 
occurring at all. Components and systems are designed with high 
safety margins and subjected to extreme quality assurance 
measures not only during erection but also during the operation of 
the plant. 

- Level 2 

At the second level, disturbances are intercepted before they can 
develop into incidents. Here, the limitation system and the 
reactor protection system which monitors all essential measurement 
values of the plant are of central importance. Whenever specific 
limits are exceeded protective actions such as power reduction 
or shutdown of the reactor are initiated. The set points are 
specified such that overstressing of the plant components can be 
excluded from consideration. 
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- Level 3 

Third in line is the equipment of the safety system (engineered 
safety features) which protects the radioactivity barriers in 
case of damage to important systems. Here the design goal is 
that - in case of an incident - at least two radioactivity barriers 
will remain intact, thus preventing a dangerous release of 
radioactivity to the environment. Spatial separation and special 
structural measures protect the safety system from damage due to 
encroaching events such as fire or flooding. The engineered 
safeguards are designed to ensure that all design basis 
accidents are controlled and coped with. Immediately required 
actions for controlling the accident are initiated automatically 
in order to leave the operating staff with enough time for failure 
diagnosis and for preparation of further, long-term measures. The 
analytic proof of safety required for the design basis accidents 
will always use assumptions for insecure data or physical laws 
which will never overestimate, rather underestimate, the 
effectiveness of the safety system. 

- Level 4 

The safety design (levels 1 to 3) establishes an extensive 
set of protective measures. However, by law of nature even the 
most reliable safety system cannot prevent that a system failure 
or a combination of failures occurs which is not covered by the 
design. It is for instance hypothetically possible that during a 
major incident the safety equipment itself fails. The analyses of 
beyond-design accidents, in the course of which a failure of the 
safety equipment is assumed, show that in most cases several hours 
remains before serious damage occurs to the reactor core. This 
leaves time for the prevention of damage by using remaining 
safety systems as well as operational or even external systems. .o 

Since protective measures must be taken well advance in the 
forefield of failure development, it is important to apply these 
level-4 protective measures as early as possible within the plant 
and not to wait with their initiation for effects of the accident 
on the environment becoming imminent. 

In the Federal Republic of Germany these level-4 protective 
measures were, therefore, termed as "plant internal emergency 
procedures". Worldwide the term used is "accident management 
measures". 

2. Accident Management 

- Borderline between Accident Management and Design Basis 

Accident management is an effective instrument for further 
reducing the probability of a core damage and of a massive release 
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of radioactive materials and, thereby, for reducing the risk to 
the public from the operation of nuclear power plants. Accident 
management measures are applied with the goal of making plant 
external emergency measures at best unnecessary, but at least 
necessary only as longterm measures. 

The current analyses regarding accident management show that the 
achievable risk reduction is considerable and can even be 
increased by a further development of this concept. 

Due to the different technical boundary conditions, there is a 
basic difference between the safety design and the extension of 
the defence-in-depth safety concept by accident management 
measures. Accident management measures, just like plant external 
emergency procedures, apply to events which on account of the high 
safety level of nuclear power plants are rationally assumed to 
never occur, and which, furthermore, cannot be subjected to a 
detailed advanced planning due to the great complexity of 
phenomena concerned. Such event sequences can only be specified 
probabilistically by analyzing the probabilities of individual 
variations and not within the framework of a deterministic 
concept. 

In the area of beyond-design accidents, event sequences cannot be 
uniquely correlated to definite and calculable scenarios. 
Furthermore, the equipment intended for keeping the accident under 
control cannot be assumed to be fully available nor fully 
effective. In this field, more than in others, flexible actions 
oriented on a few vital safety objectives (e.g. support of core 
cooling, integrity of the containment) are therefore required. 
These actions must be based on an extensive and sound 
understanding of the possible physical procedures involved. 

All other goals must be subordinated to the one, namely to protect 
the plant and environment even under extreme conditions. This 
necessarily leads to a change in priorites. Furthermore, the 
questions as to which actions are allowed and which have priority 
over others must be answered differently in this area than in the 
area of design limits. E.g., safety systems, operational and 
external systems may have to operate outside of their range of 
normal application. A functional impairment or damage must be 
taken into account. 

There is a qualitative change in the transition from the control 
of accidents that lie within the area of design to the measures 
of accident management. Whereas the one concerns well-planned 
reactions, the other is concerned with unplannable reactions to the 
unexpected. As soon as it becomes obvious that the safety 
objectives are gravely impaired and cannot be achieved anymore 
with the designed measures, a reorientation of the accident 
control has to occur. At this moment the responsibility for 
establishing the measures shifts from the shift supervisor or plant 
operator to the crisis management staff. The latter establishes 
the necessary measures on the basis of the actual situation from 
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corresponding proposals in the emergency manual. These proposals 
are formulated in the form of typical solutions for returning to 
achieving the safety objectives. The emergency manual has the 
purpose of presenting procedural methods and detailed information 
in a. concise and effective manner (approach see Figure 2) • 

Accident management measures can be grouped into preventive and 
mitigating measures. The first group of measures deals with the 
prevention of damage to the core. The second group tries to limit 
the release of radioactive materials as far as possible and to 
prevent catastrophic effects even in the case o£ a severe core 
damage. All measures have in common that they are oriented toward 
gaining time and. toward preventing an irreversible deterioration 
of the plant conditions. Here too, highest priority is of course 
given to the preventive measures. 

- Examples for Accident Management Measures 

The general discussion above shall 
following by practical examples as 
Federal Republic of Germany. 

be 
they 

Filtered Air Supply to the Control Room 

demonstrated 
are applied 

in 
in 

the 
the 

In FRG it has been decided that the control room should 
be the central place for planning and performing measures of 
accident management. In order to ensure long term 
habitability of the control room in case of an emergency, 
appropriate filter systems will be installed to limit 
radiation exposure from inlet air into the control room. A 
slight overpressure is applied to avoid inward leakage. The 
filter system for this purpose may be held in reserve and be 
installed when required. 

Coolant Injection to the Reactor Pressure Vessel of BWR 

In the case of BWR, credit can be taken from the high 
flexibility in the use of various injection systems for core 
cooling (see Figure 3). It is seen that, e.g. in case of a 
station blackout, fire fighting systems, drinking water 
supply and a mobile pump can feed into the reactor pressure 
vessel. Emergency operating procedures ensure an activation 
in a relatively short time. With these, typically preventive 
measures a degradation of the reactor core can be avoided. 

Containment Integrity 

The containment vessel is of particular importance in that it 
presents the last physical barrier in the case of 
beyond-design accidents. Therefore, accident management 
measures are considered for its protection almost 
independently from the probability of occurrence of 
corresponding damaging events. The measures concerned belong 
to the group of mitigation measures. 
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The following measures for improvifig containment integrity in 
tne case of accidents with core degradation have to be seen 
in this context: 

o In FRG it was decided to equip all PWR and BWR 
containments with a venting system including aerosol and 
iodine filter systems. The capacity of the venting 
system is designed to prevent gross failure of the 
containment vessel in the event of late overpressurizatiort. 

6 :tt was also decided to inert all containments of the 
BWR-69 design. Because of the fairly long time necessary 
for inerting a containment in accident situations 1 the 
containments are inerted in normal operation. However, 
the inerting concept should allow for accessibility of 
the containment during normal operation. The specific 
procedures developed for the different containment 
concept of the BWR-72 design already consider this 
aspect. 

3. Irif6rmation Flow Between Plant and Off-site Emergency 
Planning staff 

The iink between plant-internal accident management and the 
off-site emergency preparedness is an adequate flow of information 
from the plant to the concerned authorities in case of an 
emergency. In FRG the operator of a nuclear power plant is 
bound by the nuclear licensing procedure to inform the disaster 
control authority when necessary. There are two alarm levels 
specified: 

eat.ly-warning disaster alert is given in case of an event in 
the nuclear facility where so far the effect on the 
environment is nil or at least negligible with regard to the 
criteria for giving a disaster alert 1 where, however 1 on 
the basis of the plant condition it cannot be excluded that 
effects corresponding to the criteria for giving a disaster 
alert may develop. 

disaster alert is given if in case of an accident in a 
nuclear facility a dangerous release of radioactive materials 
to the environment was determined or is imminent. 

The German Reactor Safety Commission (RSK) together with the 
Radiological Protection Commission (SSK) are currently establishing 
specific a~ert criteria. These are intended to help the plant 
operator 1n deciding on the necessity for notifying the 
authorities and in deducing a recommendation to the authorities 
regarding early-warning or disaster alert from the individual 
accident condition. These criteria will clarify the indeterminate 
words in the above definitions and will allow the plant operator 
to differentiate between 
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plant conditions due to accidents 

emissions 

immissions 

in accordance with clear technical criteria or directly measured 
values. 

4. Emergency Countermeasures 

After being informed by the plant operator of a nuclear accident, 
the head of the disaster control authority or his representative 
will decide which level of alarm shall be given (early-warning 
disaster alert or disaster alert). In accordance with the alarm 
level and the radiological condition, one or more of the follwing 
measures will be taken: 

general alert in accordance with a prescribed plan, 

identification of the endangered region, 

deployment of radiological measurement troups, 

warnings and information to the public, 

traffic restrictions, 

sheltering 

administration of stable iodine, 

evacuation, 

alarming the drinking water supply stations, 

decontamination, 

medical care and supply. 

The measures in this list that are essential to the protection of 
the public are the recommendations to stay under cover, to 
distribute iodine tablets and to evacuate. Guidelines with respect 
to dose values for these recommendations are presented in the 
following table: 
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Emergency Reference Levels for Countermeasures 

Reference levels of dose in mSv 

countermeasure 

sheltering 

whole body 
(external ex
posure and 
inhalation) 

>5 <50 

administration -
of stable 
iodine 

evacuation 100 <500 

thyroid 
(inhalation) 

>50 <250 

>200 <1000 

>300 <1500 

lung or any 
other dominant
ly exposed in
dividual organ 
(external expo
sure and inha
lation) 

>50 <250 

>300 <1500 

The dose values shown in this table are specified within 
individual bandwidths. This allows for a freedom of decision above 
the lower and below the upper dose value on executing the 
individual measure depending on the specific situation (e.g., 
depending on the extent of the emergency situation, daytime or 
nighttime, weather condition). 

A further measure for the protection of the population is the 
installation of emergency stations where affected persons can 
receive medical treatment. 

5. Conclusion 

Nuclear power plants are designed in accordance with a 
defence-in-depth safety concept which in each of its levels has 
the objective of preventing damage by appropriate precautionary 
measures and, at least, of mitigating the effects of damage that 
cannot be prevented. 

The especially emphasised accident management measures (Level 4) 
further reduce the risk by enhancing the precautionary measures at 
levels 1 to 3. They are directed toward protecting against 
extremely improbable beyond-design accidents. Accident management 
measures encompass preventive as well as mitigating technical 
measures with major emphasis on the preventive measures. Since 
accident management measures will always have to be seen as a 
reaction to the largely unforeseen, they must be developed as 
broad spectrum measures. They are oriented toward a few, but 
vital, safety objectives. 

In addition to the accident management measures, precautionary 
disaster control measures are prepared to monitor and mitigate 
the consequences of accidents offsite. 
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BASES TECHNIQUES POUR L'ETABLISSEKENT DES PLANS DE SECOURS 
RELATIFS AUX CENTRALES DE REACTEURS A EAU SOUS PRESSION 

A. L'Homme, D. Manesse, J. Gauvain, B. Crabol 
Commissariat a l'Energie Atomique 

Institut de Protection et de Surete Nucleaire 
Centre d'Etudes Nucleaires de Fontenay-aux-Roses (France) 

RESUME 

Notre expose resume tout d'abord !'approche fran~aise en matiere de gestion des 
accidents graves pouvant intervenir sur les centrales de reacteurs a eau sous 
pression, puis il definit le terme-source qui sert de support general a !'ela
boration des plans de secours destines a proteger la population. Il decrit 
ensuite les consequences de ce terme-source sur le site et dans l'environne
ment, qui constituent les bases techniques pour la determination des actions 
de l'exploitant et des pouvoirs publics concernes. Il donne enfin des indica
tions sur l'etat actuel des differents plans de secours et sur les travaux 
complementaires entrepris pour les ameliorer. 

TECHNICAL BASIS FOR THE PREPARATION OF EMERGENCY PLANS 
RELATING TO PRESSURIZED VATER REACTORS 

ABSTRACT 

The paper begins by summarising the standard French approach to management of 
severe accidents at PVR plants. It goes on to define the source term used as 
a general basis for emergency plans for protection of the civil population. 
The paper describes the impact this source term has on both the site and the 
environment, which is subsequently used as a technical basis for determining 
the response of the utility and the public authorities concerned. The discus
sion concludes with a brief outline of the current status of various emergency 
plans and a description of additional work currently in progress and aimed at 
improving these plans. 
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1. L'APPROCHE FRANCAISE EN MATIERE D'ACCIDENTS GRAVES DE REACTEURS A EAU 
SOUS PRESSION (REP) 

Malgre toutes les precautions prises lors de la conception, de la 
construction et de 1' exploitation des REP, on ne peut pas exclure absolument 
l'eventualite d'accidents graves entrainant des rejets significatifs de produits 
radioactifs dans l'environnement. En consequence, la France a accompli et 
continue d' accomplir un effort important dans le domaine de la gestion des 
situations accidentelles. D'une maniere generale, les dispositions deja mises en 
place ou en cours d'etude visent a eviter que les organismes concernes, 
exploitants et pouvoirs publics, puissent se trouver sans moyens permettant de 
gerer la situation, independamment de la probabilite correspondante. 

Dans cet esprit, il a ete juge necessaire de mettre sur pied differents 
plans de secours. Concernant la phase accidentelle proprement dite et le court 
terme apres l'accident, ces plans sont actuellement operationnels: il s'agit du 
Plan d 'Urgence Interne (PUI), relatif a chaque installation nucleaire, et du 
Plan Particulier d'Intervention (PPI), relatif a l'environnement proche de 
chaque site nucleaire. Concernant le plus long terme apres 1' accident et un 
champ plus vaste, les pouvoirs publics fran9ais elaborent actuellement le plan 
d'actions post-accidentel (PPA), dont les objectifs sont de permettre le retour 
a une vie normale dans les zones touchees par 1' accident, par reduction de 
!'exposition externe due aux depots de produits radioactifs et de !'exposition 
interne due a la remise en suspension de ceux-ci, et de limiter la contamination 
ulterieure de la chaine alimentaire. 

L'elaboration precise de ces plans de secours necessite la definition de 
bases techniques, en particulier le choix d'un terme-source, dont les 
consequences calculees doivent permettre de specifier les actions qui pourraient 
s'averer necessaires. 

En France. le choix du terme-source a considerer n I a pas ete fait au 
moyen d'une approche probabiliste, pour les raisons essentielles suivantes: 

-pour !'application consideree, tout seuil de probabilite est criticable 
(si on vise !0- 6 , pourquoi ne pas viser !Q-7, etc ••. ); 

plus faible est le seuil de probabilite fixe, plus grande est 
!'incertitude sur la realite des phenomenes physiques correspondants et sur les 
calculs de probabilites et de consequences, de sorte que ces calculs perdent en 
signification; 

- une telle methode ne correspond pas a 1' esprit dans lequel la France 
aborde le probleme des accidents graves: le but poursuivi est la recherche de la 
maitrise du deroulement des accidents et ·la limitation de leurs consequences, 
quelle que soit la probabilite de ceux-ci, en utilisant au mieux les moyens 
disponibles dans 1' installation et en prenant des mesures de protection de la 
population. 

En fait, le terme-source a retenir a ete defini de maniere deterministe 
a partir des deux elements suivants. 

1.1 La base de termes-sources de reference S1-S2-S3 des REP. 

Cette base de termes-s.ources de reference a ete elaboree par 1' Institut 
de Protection et de Surete Nucleaire (IPSN) a la fin des annees 70, en tirant 
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parti des resultats du rapport "RASMUSSEN"(WASH-1400/NUREG 75-014: Reactor 
Safety Study). Les rejets radioactifs dans l' atmosphere correspondant a des 
sequences accidentelles graves comportant la fusion du coeur, ont ete classes en 
trois types differencies par les deux parametres fondamentaux du comportement du 
confinement, a savoir le delai de defaillance et la voie de rejet (filtree ou 
non). Le terme-source Sl correspond a des accidents entrainant la rupture 
precoce de !'enceinte de confinement (quelques heures apres le debut de 
l 'accident). Le terme-source S2 correspond a des accidents conduisant a des 
rejets hors de l'enceinte de confinement directement a !'atmosphere a la suite 
d'une perte d'etancheite differee (au moins un jour apres le debut de 
1 'accident) . Le terme-source S3 correspond a des accidents conduisant a des 
rejets indirects, du fait de l' existence de voies de transfert avec retention 
entre !'enceinte de confinement et !'atmosphere exterieure. Pour ce qui concerne 
les produits de fission volatils dont l' influence est preponderante pour les 
consequences radiologiques a court terme - isotopes de l' iode et du cesium -' 
ces trois termes-sources correspondent a des rej ets dans l' environnement de, 
respectivement, quelques dizaines de pour cent, quelques pour cent et quelques 
pour mille de l'inventaire du coeur au debut de !'accident. 

De !'analyse effectuee, il a ete tire les conclusions suivantes : 

- Les accidents correspondant au terme-source S 1 peuvent etre exclus pour des 
raisons physiques, ce qui signifie 1' impossibili te de decrire, sur des bases 
realistes, un enchainement de phenomenes conduisant a une defaillance precoce du 
confinement. 

Des approfondissements, par exemple sur les risques lies a l'hydrogeme, 
vi sent a verifier plus clairement ce point; si necessaire, des mesures de 
prevention supplementaires pourraient etre envisagees. 

- Les rejets entraines par les accidents correspondant au terme-source S2 
peuvent etre ramenes au niveau du terme-source S3 par des mesures destinees a 
renforcer autant que possible la derniere barriere de confinement. 

Ont ete ainsi definies des procedures ultimes (dites procedures U) 
permettant, par des moyens simples, de limiter les consequences des accidents, 
independamment de leurs causes. En resume, les procedures ul times concernees 
sont les suivantes : 

• la procedure U2, qui a pour objectif de reperer et de pallier les 
defauts de confinement se produisant a !'interface du batiment du reacteur avec 
les batiments peripheriques; 

• la procedure U4, qui a pour objectif la suppression, dans les radiers 
des batiments du reacteur des tranches REP, des chemins de fuite des produits 
radioactifs vers l'environnement sans filtration; 

• la procedure US, qui a pour objectif d'eviter la rupture de !'enceinte 
de confinement par surpression interne; le systeme associe a cette procedure 
comporte un filtre a sable. 
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1.2 Un examen des possibilites raisonnables d 1 evacuation et de 
confinement de la population. 

Cet exarnen, compte tenu des caracteristiques des sites franyais 
d 1 installations nucleaires, a conduit a retenir la possibilite des mesures 
SUiVanteS : 1 I eVaCUation de la pOpUlation jUSqU I a 5 krn et le COnfinement deS 
autres personnes et/ ou la distribution d 1 iode stable jusqu 1 a 10 km, dans un 
delai de 12 a 24 heures apres le debut de 1 1 accident. 

Il a ete constate que les caracteristiques du terme-source S3 sont 
precisement compatibles avec les mesures ainsi definies. 

L'ensemble des conclusions precedentes a conduit, 
dispositions prises, a retenir le terme-source S3 cormne 
1 1 elaboration des differents plans de secours. 

2 LA DEFINITION DU TERHE-SOURCE 53 

compte 
support 

tenu des 
general a 

Les trois elements essentiels permettant de caracteriser le deroulernent 
d 1un accident grave et ses consequences sont les suivants la sequence 
accidentelle conduisant a la fusion du coeur et a la mise en pression de 
1 1 enceinte de confinement ( en particulier les instants de fusion du coeur et 
d 1 atteinte de la pression de dirnensionnement de 1 1 enceinte) , 1' evolution en 
fonction du temps des concentrations en produits radioactifs dans l'atmosphere 
de 1 1 enceinte, le comportement du confinement (instant de defaillance et voie de 
rejet). 

Sur chacun de ces trois points, compte tenu des etudes poursuivies par 
1 1 IPSN, le point des connaissances est presente ci -apres. Un moyen important 
utilise pour realiser ces etudes est le systeme de codes de calcul ESCADRE, 
progressivement developpe et qualifie par 1' IPSN pour evaluer, de fayon aussi 
realiste que possible, le deroulement et les consequences des accidents graves 
des REP. 

2.1 Sequences accidentelles pouvant conduire a la fusion du coeur 

L1 etude probabiliste de surete menee par l 1 IPSN sur les reacteurs de 900 
MWe est en voie d'achevement. Cette etude perrnet une meilleure connaissance des 
sequences accidentelles pouvant conduire a la fusion du coeur; elle montre que 
les sequences accidentelles avec fusion du coeur en quelques heures ont une 
probabilite significative et doivent done etre retenues. 

Dans ces conditions, pour determiner 1 'instant ou, apres la fusion du 
coeur, la pression dans l 1 enceinte de confinement pourrait atteindre la pression 
de dirnensionnement, on suppose qu 1 il s 1 agi t d 1 une sequence accidentelle ou le 
systeme d' aspersion dans 1 1 enceinte est defaillant et ou toute la puissance 
residuelle du coeur est "evacuee" par vaporisation d 1 eau. Les etudes realisees 
avec les codes VULCAIN et JERICHO du systeme ESCADRE montrent que, p-our la 
sequence accidentelle AB selon la terrninologie de RASMUSSEN (A : grosse breche, 
B: perte des alimentations electriques des systemes de sauvesarde, done perte de 
l 1 aspersion dans l'enceinte et de l 1 injection de sacours dans la cuve), le,·coeur 
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fondrait en une heure environ et, 24 heures apres le debut de 1' accident, la 
pression calculee dans l'enceinte de confinement serait de 6 bars. Ces resultats 
sent vraisemblablement pessimistes car il est physiquement peu vraisemblable 
qu' un corium puisse etre entierement refroidi par vaporisation d' eau ( ceci 
supposerait une tres grande surface d'echange entre le corium et l'eau). 

2.2 Evolution des concentrations en produits radioactifs, dans l'encein
te de confinement, en fonction du temps 

Le code AEROSOLS du systeme ESCADRE permet de proceder a une evaluation 
correcte du comportement des aerosols. La figure 1 presente une enveloppe de la 
fraction en suspension des aerosols dans l'enceinte de confinement en fonction 
du temps, compte a partir de l'instant de fusion du coeur. Cette courbe 
constitue une enveloppe car il n'a pas ete tenu compte de la condensation de la 
vapeur d'eau sur les aerosols. 

Pour ce qui concerne le comportement des produi ts de fission presents 
sous d'autres formes physico-chimiques (c'est le cas notamment pour l'iode), les 
connaissances ont peu progresse depuis dix ans. Pour l' iode moleculaire, il 
apparait justifie d' admettre que son comportement est analogue a celui des 
aerosols (en d'autres termes, les memes lois d'attenuation sent utilisees), sauf 
a long terme (par su~te du degazage de l'eau contaminee). 

2.3 Comportement du confinement 

La classification adoptee ci-apres pour les modes de defaillance du 
confinement est presentee sur le tableau I. Compte tenu de l'approche generale 
!ranc;:aise de la gestion des accidents graves, le terme-source 53 doit couvrir 
les defaillances tardives (par surpression interne et interaction corium~beton) 
et les defaillances limi tees du confinement ( quelle qu' en sci t l 'origine) • 
Chacun de ces modes de defaillance est examine brievement ci-apres. 

2.3.1 Defaillance par surpression interne 

Il a ete vu au paragraphe 2.1 que le scenario AB conduit a une pression 
interne dans !'enceinte de confinement de 6 bars au bout de 24 heures, le temps 
etant compte a partir du debut de l'accident. La pression de 6 bars ne met pas 
en danger la tenue de l 'enceinte (celle-ci reste assuree jusqu' a 10 a 13 bars 
pour 1es tranches de 900 MWe, 7 a 8 bars pour les tranches de 1300 MWe). Il est 
done possible de retenir que 1 'utilisation du systeme d' eventage - filtration 
n'interviendra pas avant 24 heures apres le debut de !'accident. Il s'ensuit que 
ce mode de defaillance ne conduit pas a des rejets importants avant 24 heures. 

2.3.2 Defaillance par interaction corium-beton 

Le systeme de codes de calcul ESCADRE comprend le code WECHSL qui permet 
de calculer !'interaction coriwn-beton (vitesse d'erosion du radier, forme de la 
cavite). Ce code a ete elabore et valide, pour la phase initiale de 
1' interaction dite "a haute temperature", a 1' aide du programme experimental 
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BETA mene par KfK au centre de KARLSRUHE (Republique Federale d'Allemagne), en 
cooperation avec l'IPSN. 

Une estimation du delai necessaire pour la traversee du radier par le 
corium a ete faite, a l'aide du code WECHSL, pour toutes les tranches de REP, en 
retenant les conditions initiales suivantes: coeur a 1' equilibre, debut de 
1' interaction corium-beton une heure apres 1' arret d 'urgence, tout le corium 
participant a !'interaction. 

Dans ces conditions, la valeur moyenne calculee du delai de traversee du 
radier par le corium se situe auteur de 2 a 3 jours apres la fusion du coeur. 

2.3.3 Defaillances limitees du confinement 

L' IPSN a entrepris une etude vis ant a recenser les voies possibles de 
rejet de substances radioactives en cas d' accident et a determiner les moyens 
permettant d'identifier les defaillances du confinement, de les quantifier et de 
mettre en oeuvre des contre-mesures. Au stade actuel, les resul tats obtenus 
concernent beaucoup plus les defauts initiaux de confinement independants de 
!'accident, que les defaillances limitees du confinement qui pourraient resulter 
de certains evenements ou phenomenes physiques intervenant au cours de la 
sequence accidentelle. 

Dans le cadre de cette etude ont ete examines, compte tenu du retour 
d'experience et des procedures normales d'exploitation, les trois types de 
traversees de !'enceinte de confinement - sas, traversees vehiculant de l'air, 
traversees vehiculant de l'eau -, de maniere a preciser les caracteristiques des 
defauts a considerer. 

La conclusion actuelle est qu' on peut raisonnablement retenir, comme 
element a considerer pour la definition du terme-source S3, un defaut limite 
initial conduisant a un taux de fuite superieur d 'un facteur dix au taux de 
fuite "normal". 

2.4 Conclusion sur les caracteristigues du terme-source S3 

Des calculs de consequences a court terme dans 1' environnement ont ete 
effectues, avec le code SIROCCO du systeme ESCADRE, pour les differents 
scenarios definis ci-dessus, integrant en particulier les trois modes consideres 
de defaillance du confinement. Les conclusions suivantes en ont ete tirees : 

- les consequences a court terme des differents scenarios consideres sont du 
meme ordre de grandeur, 

- les consequences des scenarios consideres sont compatibles avec les mesures de 
protection de la population citees au chapitre 1. 
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Pour faciliter les calculs ul terieurs des consequences dans 1' environnement 
d' accidents correspondant au terme-source S3, il est apparu souhai table de 
choisir un seul scenario support precis, pessimiste, caracterise par un niveau 
d' activite et une cinetique de rejet. Le scenario retenu comporte l'utilisation 
du systeme d'eventage- filtration, 24 heures apres le debut de l'accident. 
Etant donne les caracteristiques d'eventage de l'enceinte permises par le 
systeme associe a la procedure US, une duree de rejet de 24 heures a ete fixee 
(le niveau d'activite du terme-source S3 est donne dans le tableau II). 

3 LES CONSEQUENCES DU TERHE-SOURCE S3 

Toutes les consequences du terme-source S3 (tel que defini en 2.4) dans 
1' environnement rapportees dans ce chapitre ont ete calculees avec le systeme 
ESCADRE (code SIROCCO pour la dispersion atmospherique, code ELIXIR pour la 
contamination de l'eau). Sauf indication contraire dans le texte, elles 
correspondent aux hypotheses meteorologiques suivantes : diffusion normale, vent 
fluctuant auteur d 'une direction constante et de vi tesse 5 m/ s, pas de pluie. 
Les conclusions generales tirees dans ce chapitre ne seraient pas sensiblement 
modifiees par l'adoption d'autres hypotheses meteorologiques realistes. 

3.1 Consequences sur le site 

En ce qui concerne le site, il faut tout d'abord noter que l'evaluation 
des consequences est, d'une part tres dependante du scenario accidentel 
considere (notamment en ce qui concerne le point de rejet), d'autre part 
entachee d' une grande incertitude ( les modeles de calcul couramment employes 
sent mal valides pour les courtes distances, et l'effet des batiments peut etre 
important) . 

Pour le scenario support du terme-source S3 defini au paragraphe 2.4, le 
calcul donne un ordre de grandeur de 0,3 Sv pour l'equivalent de dose au corps 
entier integra a 500 m sous le panache pendant la duree du rejet, sans aucune 
mesure de protection (0,25 Sv du au panache, 0,1 Sv du aux depots). 

L'analyse des consequences concernant le PUI a montre que ceci ne 
constituait pas un probleme majeur. Des solutions pour les aspects particuliers 
suivants sent en cours de mise au point: 

- les systemes de ventilation, qui peuvent injecter des produits radioactifs 
dans les locaux ( notamment la salle de commande ), 

- le filtre a sable, qui, de par son implantation a l'exterieur de l'enceinte de 
confinement sur le toit d'un batiment peripherique, peut entrainer une 
irradiation qui peut gener la circulation sur le site. 

3.2 Consequences dans l'environnement immediat eta court terme 

Dans ce cas, !'equivalent de dose le plus contraignant est celui engage a 
la thyroide par inhalation. Les resultats du calcul sent les suivants : 
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- 0,7 Sv a 5 km : cette valeur est du meme ordre de grandeur que la borne basse 
(0,5 Sv) de la fourchette d 1 equivalents de dose correspondant a la 
contre-mesure d 1 evacuation, prevue par la publication n° 40 de la Collllllission 
Internationale de Protection Radiologique (CIPR); 

- 0,2 Sv a 10 km : cette valeur est inferieure a la borne haute (0,5 Sv) de la 
fOUrChette d I eqUiValentS de dOSe COrreSpOndant a la COntre-meSUre de 
confinement, prevue dans la meme publication de la CIPR. 

Colllllle nous l 1 avons deja indique, il S 1 ensuit que le terme source S3 est 
bien compatible avec les mesures necessaires de protection de la population 
prevues dans le PPI. 

3.3 Consequences dans l 1 environnement a plus long terme. 

3.3.1 Consequences liees aux depots de produits radioactifs sur le sol 

Sur la figure 2 sent donnes, en fonction de la distance au site, les 
equivalents de dose efficace externe, calcules de maniere pessimiste puis que 
sans protection et sans mesure de rehabilitation, qui seraient engages pour le 
sejour pendant la premiere annee sur deux types de sol : une surface impermeable 
(pas d 1 entrainement des produi ts radioactifs par ruissellement des eaux de 
pluie, pas de penetration en profondeur) et un sol naturel, non impermeable (il 
est tenu compte d 1 une certaine migration des produits radioactifs dans le sol). 
La comparaison avec les recollllllandations de la publication n° 40 de la CIPR 
montre que des dispositions de protection de la population et des actions de 
rehabilitation des terrains sent a envisager dans un rayon de quelques 
kilometres auteur du site. 

Sur la figure 3 sent donnes, en fonction de la distance au site, les 
equivalents de dose efficace qui seraient engages pendant la premiere annee par 
ingestion des produits locaux directement contamines par les retombees (ce qui 
veut dire qu 1 on s 1 est place dans le cas major ant ou la contamination est 
intervenue en pleine periode de vegetation), pour deux taux de participation des 
produits locaux dans 1 1 alimentation : 100 % (cas tres pessimiste) et 10%. La 
comparaison avec les recollllllandations de la publication n° 40 de la CIPR montre 
qu 1 une restriction de consollllllation des produits locaux est a envisager dans un 
rayon de quelques dizaines de kilometres auteur du site. 

3.3.2 Consequences liees ala contamination de l 1 eau potable 

Les alimentations en eau potable (AEP) peuvent etre contaminees par les 
produits radioactifs par l'intermediaire de deux voies de transfert : 

- par transfert hydrogeologique. 
Dans ce cas, le delai de contamination se compte generalement en 

semaines, voire en ·mois, et il est possible d 1 implanter des parades (pompages, 
barrieres etanches ou filtrantes) pour proteger les AEP. 

- par retombees atmospheriques directes et entrainement par ruissellement 
des eaux de pluie vers le reseau hydrologique. 
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Dans ce cas, la contamination des AEP importantes peut etre rapide 
(quelques jours). Les etudes faites par l'IPSN, pour differents sites, montrent 
que, avec les hypotheses les plus penalisantes (rejet dans l'axe de la riviere, 
pluie persistante, pas de contre-mesure ), l'equivalent de dose engage le plus 
contraignant est celui a la thyroide et est de l'ordre de 0,02 Sv. 

4 CONCLUSION : IMPACT SUR LES PLANS DE SECOURS 

Les resul tats rapportes au chapi tre 3 confortent 1' adoption du 
terme-source S3 comme support general pour la definition des plans de secours. 

Pour le PPI, les modalites des dispositions de protection a prendre a 
l'egard de la population apparaissent adequates. 

Concernant le PUI, l'exp1oitant Electricite· de France (EDF) a resolu de 
maniere satisfaisante certaines des difficultes liees a la mise en oeuvre des 
procedures ultimes (protection des agents de conduite en salle de controle) et 
etudie actuellement des soluions pour resoudre celles qui subistent (irradiation 
par le filtre a sable). 

Il est a noter qu'un Groupe d'Interet Economique INTRA (EDF/IPSN/COGEMA) 
a ete cree pour mettre sur pied un pare d'engins robotises, pouvant intervenir 
sur un site et un reacteur accidentes. 

Quant au PPA, les axes d'approfondissement essentiels concernent: 

- la rehabilitation des sols qui pourrait etre necessaire dans une zone de 
quelques kmi a quelques dizaines de kmi au voisinage du site; 

- !'implantation de parades sur le site, pour eviter la pollution des AEP par 
voie hydrogeologique; 

- le traitement des dechets, produits par les actions de rehabilitation des sols 
et les restrictions de consommation des denrees alimentaires. 

Concernant ces points, l'IPSN mene des programmes de recherche (programme 
RESSAC, programme "voie eau"), destines a definir et mettre au point les 
methodes et les moyens a utiliser. Il est a signaler que ces programmes ant ete 
decides et lances bien avant l'accident de Tchernobyl. 
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Tableau I CLASSIFICATION DES MODES DE DEFAILLANCE DU CONFINEMENT 

Taille 
Moment du defaut limitee import ante 
d' occurrence 

- independante de l'accident 
immediat 

- dependante de l'accident 

- interaction corium-eau 
precoce - combustion d'hydrogene 
(avant 24 h) - ouverture de bipasses 

- echauffement direct 

tardif - surpression interne 
(au-dela de 24 h) - interaction corium-be ton 

Tableau II NIVEAU D'ACTIVITE DU TERME-SOURCE 53 

Famille Fraction de l'inventaire du coeur 

Gaz rares (Xe 133) 0,75 

Halo genes (I 131) 8,6 lQ- 3 

(dont formes penetrantes :5,6 lQ-3) 

Cs, Rb (Cs 137) 3,5 lQ-3 

Te, Sb (Te 127 m) 4 lQ-3 

Sr, Ba (Sr 90) 4 10-4 

Ru, Rh (Ru 106) 3,1 10- 4 

La, Ce (Ce 141) 5,1 10-5 

Actinides (Pu 239) 5,1 10-5 

Pour chaque famille, est mentionne entre parentheses l'isotope le plus represen
tatif, auquel s'applique strictement la valeur indiquee. 
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Figure 1 
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Fraction de l'inventaire du coeur en suspension dans 
l'enceinte de confinement, en fonction du temps (aerosols) 

Equivalent de dose efficace engage 
par exposition externe (Sv) 
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10 

Fourchette 
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Distance (km) 

15 

0,05 

Equivalent de dose efficace engage par ~~positi~n 
externe, due aux depots, durant 1 a prem1 ere annee 
( terme-source 53) 
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Equivalent de dose efficace 
engage par ingestion (Sv) 
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Figure 3 Equivalent de dose efficace engage par ingestion durant 
la premiere annee (terme-source 53) 
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ABSTRACT 

The basis for the Danish Nuclear Emergency Planning and Preparedness is de
scribed. Based on calculated scenarios of hypothetical core-melt accidents at 
foreign nuclear power plants close to the Danish border, requirements for a 
farfield (medium-field) preparedness organization are set up. Early alert and 
adequate information to the public are essential to credibility. Sheltering 
is the main protective measure against external radiation and inhalation 
during plume passage. Rapid monitoring of radiation levels and control of 
foodstuffs are provided for. Evacuation before passage of the plume is not 
foreseen, but temporary relocation from hot spots caused by local precipita
tion could be considered even in the farfield region. 

ELEMENTS DE BASE DE LA PLANIFICATION ET DE L'INTERVENTION 
EN CAS D'URGENCE NUCLEAIRE AU DANEMARK 

- L'OPTIOUE DU CHAMP LOINTAIN -

RESUME 

La presente communication decrit les elements de base de la planification et 
de !'intervention en cas d'urgence au Danemark. En se fondant sur des scenarios 
calcules d'accidents hypothetiques de fusion du coeur dans des centrales nucle
aires etrangeres proches de la frontiere danoise, on determine les prescrip
tions afferentes a un organisme d'intervention en champ lointain (champ moyen). 
Il est essentiel, a des fins de credibilite, de pouvoir communiquer rapidement 
des avertissements et des informations appropriees au public. Le confinement 
dans les batiments constitue la principale mesure de protection contre le 
rayonnement externe et !'inhalation pendant le passage du panache. Des dispo
sitions sont prises pour assurer dans de brefs delais une surveillance des ni
veaux de rayonnement et une limitation de la consommation de certaines denrees 
alimentaires. L'evacuation avant le passage du panache n'est pas prevue mais 
on pourrait envisager un deplacement temporaire des populations pour les eloi
gner des points chauds causes par les precipitations locales, meme dans la 
region situee en champ lointain. 
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1. INTRODUCTION 

In 1985 the Danish Parliament c;iecided that Denmark 
should not plan for nuclear power. Earlier nuclear power had 
been an option in the planning for the nation~ power produc
tion. 

This means that except for a couple of research reac
tors in operation at the Ris0 National-Laboratory there are 
no nuclear facilities in operation in Oenm<u:k. Accordingly 
the Danish nuclear emergency planning and preparedness is 
mainly adapted to emergencies following accidents at nuclear 
facilities abroad. · 

The Civil Defence and Emergency planning Agency is 
responsible for the Danish nuclear emergency planning and 
preparedness. Recently the authority ~tructure was reorga
nized and the agency is now including also the Inspectorate 
of Nuclear Installations. Furthermore the National Institute 
of Radiation Hygiene as radiation protection authority and 
the Ris0 Natiqnal Laboratory play important parts in provi
ding the emergency preparedness organi:1:ation with technical 
expertise. 

Contrary to most other countries Oenmark has a civil 
defence corps based on national service, The corps is used 
for civil emergencies and is in a high alert stage. Together 
with the police it constitutes the main field, prgc:mization in 
a nuclear emergency situation. 

2. EMERGENCY PLANNING BEFORE AND AFTER CHERNOBYL 

Denmark had its first emergency planning related to a 
foreign nuclear power plant in 1975. It was the Barseback
plan covering the metropolitan region to a distance of ap
proximately 60 km from the Swedish Bar~eback plant. The 
Barseback plant consists of 2 boiling water reactors each of 
1800 MW thermal power situated at a distange of about 20 km 
to the Danish capital Copenhagen, figure 1. 

The plan is specific to the Barsebac~ plant. Its main 
features are: 

an early warning routine from the Swedish re
gional emergency preparedness authorities at 
Malmo or the plant shift engineer to the Danish 
national authorities in Copenhagen 

prepared telephone, telefax and telex communica
tion lines between the swedi~h national and 
regional authorities in Stockholm and Malmo, the 
plant, and the Danish preparedness organization 
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a Danish air rescue helicopter in full alert for 
monitoring of radioactive substances in the air. 
In case of an emergency situation the helicopter 
will start circulating around the plant and trace 
radioactive airborne releases drifting towards 
Danish territory 

- mobile and stationary gamma monitors within the 
region covered by the plan. In case of an emer
gency these are activated and the reported moni
toring data are stored in a computer for rapid 
mapping of the radiation level. The computer 
contains both Swedish and Danish monitoring data 

plans and procedures for rapid information or 
warning of the public in affected areas. In case 
of an emergency the main protective measure is 
sheltering while the plume is passing and subse
quent ventilation of the buildings. Evacuation 
before passage of the plume is not foreseen 

plans for traffic regulation 

plans for relocation, quartering, and catering of 
the public in case of local contamination 

Figure 1. Area covered of by early Danish nuclear emergency 
planning related to the Swedish Barseback plant. 
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plans for monitoring and decontamination of 
persons,· equipment, and goods coming to Denmark 
from affected areas outside the country and 

plans for monitoring of foodstuffs. 

Precautions involving the public are co-ordinated 
with the Swedish authorities. For optimum communication 
between the preparedness organizations it is taken as an 
option that Danish and Swedish communication officers can be 
exchanged between the headquarters. 

The Danish and Swedish off-site preparedness or
ganizations are trained at least once a year in joint exer
cises. At some of these excercises observers from the IAEA 
have been present Ill. Additionally the Danish authorities 
are kept informed about modifications of the plant and a full 
and updated version of the safety analysis report is avail
able for the Danish inspectorate of nuclear installations. 

As a consequence of the Chernobyl accident in 1986 
it was determined to establish a national emergency plan 
based on the same principles as the Barseback plan. The plan 
should rely mainly upon elements from existing emergency 
planning for other situations extended with nation-wide 
programs for radiation level monitoring. 

Early warning is based on multilateral (IAEA, EEC) 
and bilateral warning agreements with other countries. Bila
teral early warning and information agreements have been 
signed with 7 nuclear power nations around Denmark as shown 
in figure 2. 

As a supplement to the early warning agreements an 
automatic nation-wide monitoring system is being set up. It 
consists of 10 monitoring stations and a control station at 
Ris~ National Laboratory, figure 3. The stations measure both 
the total gamma radiation dose rate by ion-chambers in the 
range 0,01 ~Sv/h - 100 mSv/h and the gamma spectrum in 256-
channels by Nai-scintillation counters. The monitoring data 
are transmitted to a central computer monitored at Ris~. The 
automatic monitoring system is intended to detect man-made 
radiation levels also within the range of natural variations 
in the back-ground external dose rate. 

For mapping of the radiation level the plan inclu
des 60 mobile gamma monotoring teams from the Civil Defence 
Corps and specialist teams from Ris~ National Laboratory and 
the National Institute of Radiation Hygiene. Additionally a 
couple of airborne monitoring systems are included in the 
plan. The Argos computer system which was presented at the 
symposium "Emergency Planning and Preparedness for Nuclear 
Facilities" in Rome, November 1985 121 is used for presenting 
the radiation data. 
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Figure 2. Nations with which Denmark has bilateral early war
ning and information agreements. Dates of signature are indi
cated. 

The National plan is general and intended for all 
types of emergencies involving radioactive contamination of 
the environment. However a special interest has been paid to 
nuclear power plants, and especially to those close to Danish 
territory, figure 3. 

3. CONSEQUENCE SCENARIOS 

The attitude of the Danish population to nuclear power 
might in general be characterized as "concerned". This con
cern has influenced the demands to the preparedness system 
so that special attention has been paid to severe core melt 
accidents and accident scenarios involving "worst conceiv
able" consequences although their probability is extremely 
low. 

The first detailed Danish study including calculation 
of individual and population doses on Danish territory resul
ting from hypothetical core-melt accidents was performed in 
1976-1977 for the Barseback nuclear power plant 131 . In 
1978-1981 a more comprehensive study was done focusing on the 
land contamination consequences of such accidents but inclu
ding health effects, effects on the agricultural produce, and 
economic consequences, and how these effects might depend on 
different protective measures 14-71. 
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Figure 3. Locations for monitoring stations included in the 
network of automatic stations for early warning. Nuclear 
power plants in neighbouring countries within a distance of 
150 km from Danish territory are indicated. 

The choice of source term for the accident scenarios 
was based on the classification of accidents given in the 
USNRC Reactor Safety Study, WASH-1400 lsi. For the Barseback 
BWRs the accident category BWR-2 was selected. 

For calculation of the atmospheric dispersion and 
deposition of the radioactive substance the Ris!!l Gaussian 
dispersion model was used. Different weather conditions have 
been used with preference to the most unfavourable, but not 
utterly improbable situations. Assuming no precipitation, the 
most serious weather situation for dose magnitudes in Copen
hagen is Pasquill F, characterizing a pretty stable meteoro
logical situation with a narrow plume. As rain is improbable 
in connection with such an atmospheric situation more un
stable situations involving rain have been examined too. 
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However these situations do not result in ~.igher doses, maybe 
except for local spots. 

As an example the calculated bone marrow dose equi
valent from a BWR-2 accident scenario is given below for 
cases with and without shielding. 
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Figure 4. Calculated bone marrow dose equivalent from a BWR-2 
accident scenario with and without shielding. 

From the calculations it is concluded that in case of 
sheltering during the passage of the plume the average short
term doses to individuals (up to 24 hours) combining those 
from the passage of the plume and from contamination of the 
land, would not exceed the threshold value for acute radia
tion injuries for the distances in question (20 km or more 
from the plant). Nevertheless it cannot be excluded that 
individuals particularly exposed might receive doses that 
could give rise to acute radiation injury. 

Individuals being outdoor during the passage of the 
plume have a higher risk for getting radiation injuries. 
Sheltering might therefore be considered an important protec
tive measure even at a distance from the plant. 
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An important aspect of the far-field perspective is 
the medium term and long term problems caused by contamina
tion of land. These might involve problems arising from the 
relocation of the public from their homes, inadequate supply 
of foodstuffs fulfilling the claim for "non-contamination", 
and farm land or industry production-potential temporary 
unfit for use. Add to this economical problems. 

For the Barseback BWR-2-accident scenario an example 
of the calculated dosis from land contamination is illustra
ted in figure 5. 

Figure 5. The areas inside which the 30-year individuel dose 
due to external radiation from contamination of the land 
would exceed 0.05, 0.30 or 1.00 sv. 

The calculations show that the collective dose would 
not exceed about 90.000 mansv from the passage of the plume 
and approximately 410.000 mansv integrated over 30 years from 
external radiation from the deposited activity. Relocation of 
100.000 people for the first month after the accident would 
reduce the collective dose from deposited activity by ap
proximately 10.000 mansv. Relocation of 600.000 people would 
reduce the dose by approximately 40.000 mansv. 

For reasons of radiation protection it appears un
necessary to limit occupational activities, even in those 
areas from which the population is otherwise relocated. This 
is because daily working hours comprise only a fraction of 
the day and because work normally takes place in large, well 
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shielded buildings. However it cannot be excluded that it 
might be necessary to place restrictions on a few places of 
work, but most important functions of society can be main
tained. 

A further reduction of the collective dose by approxi
mately 210.000 mansv could be achieved by decontamination 
measures such as fire-hosing the roads inside an area of 
approx. 130 km2 and by digging the gardens of homes inside 
an area of 1400 km2. This would reduce the collective dose 
from external radiation from deposited activity to approxi
mately 150.000 mansv (integrated over 30 years). 

If no action is taken the collective dose due to 
consumption of contaminated foodstuffs from Zealand would 
amount maximum 2 million mansv. If the crops from the first 
year after such an accident is condemned the dose would 
reduse to below 290.000 manSv. If aditionally the agricul
tural production for the following years inside an area of up 
to 3500 km2 is altered the collective dose from ingestion can 
be kept below 14.000 mansv. Supplementary calculations show 
that, in addition, it could be necessary to place restric
tions on agricultural production on the island of Funen 150-
200 km away; otherwise agricultural products from this area 
could give a collective dose of up to 80.000 mansv. 

If these measures are implemented, the calculated 
consequences to health amount to about 1500 deaths from 
cancer within a lifetime as a result of irradiation during 
the first 30 years, about 100 fetal injuries, and about 410 
cases of genetic defects in the first generation of off
spring. 

The probability of a wind direction from Barseback 
towards the metropolitan area of Copenhagen under meteoro
logical conditions classed as Pasquill F is about 0.5% 131. 
If the accident frequency used in WASH-1400 is applicable, 
the probability of a BWR-2 release occurring at Barseback is 
about 6 x 10-6 within a year. This means that the probability 
of the consequences described above is about 3 x 10-8 within 
a year. 

In 1985 the 2 reactors at Barseback were modified by 
adding a filtered ventilation unit (FILTRA) for severe acci
dent conditions. This unit may prevent or at least signifi
cantly reduce the probability of large releases from the 
plant even further. 

In case of a release through FILTRA at least 99.9% of 
the core inventory (except for noble gases) should be deta
ined in the plant. Figure 6 shows calculated consequenses of 
such a release jgl. A release through FILTRA might limit the 
require for protective measures to sheltering during passage 
of the plume and foodstuffs control. 
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Figure 6. Calculated effective dose equivalent following a 
release through FILTRA (Integration-time 50 years). 

Following the Chernobyl accident in 1986 consequence 
calculations for Danish territory have been performed also in 
respect to hypothetical accident sequences at other nuclear 
power plants around the Danish border, figure 7 l1oj. 

According to the calculations the six nuclear power 
plants do not significantly distingwish regarding "worst con
cEdvable" consequences for Danish territory following a 
severe core melt accident. It is estimated that even for the 
most utterly improbable meteorological conditions inhalation 
and irradiation from the plume should not cause acute radia
tion injuries. 

In case of no precipitation during the plume passage 
irradiation from contamination of land should not necessitate 
protective measures to prevent acute radiation injuries. In 
the long term clean-up measures and maybe temporary reloca
tion might be considered. 

In case of local showers during the passage of the 
plume it might be necessary to relocate people from the hot 
spots to prevent acute radiation injuries. 
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Figure 7. Examples of selected tracks for dissemination of 
radioactive substance following a hypothetical accident at a 
nuclear power plant near Denmark. 

4. CRITERIA FOR PROTECTIVE MEASURES. 

In case of very severe core-melt accidents in com
bination with unfavourable meteorological conditions it might 
even in the far-field region be required to implement protec
tive measures such as sheltering while the plume is passing 
and subsequent temporary relocation of the public from hot 
spot areas. 

In Denmark the recommendation from the ICRP and the 
EEC on dose criteria for protective measures 1111 are taken 
as guidelines for protective actions. For measures like shel
tering to be effected before and during the passage of the 
plume derived criteria based on a few observations of the 
gamma dose rate in the upwind-direction should be implemen
ted. 

For measures to be effected in a later stage like 
for example relocation of the public decisions should be 
based on extensive monitoring of radiation in the contami
nated area. This require rappid mapping of the contamination. 
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ABSTRACT 

Following the Chernobyl accident there has been considerable international 
discussion on the principles underlying the choice of intervention levels and 
their practical application. While there is broad agreement on the underlying 
principles - that is to put potentially exposed individuals into a better 
position in the sense that lower overall risks are achieved at reasonable 
'cost' in financial and social terms - the determination of what constitutes 
the most appropriate type and level of intervention in any particular 
circumstances is more complex. Within the CEC's Radiation Protection Research 
Programme techniques are being developed to aid well founded and more 
transparent decisions on the choice of intervention levels. The techniques are 
described and areas identified where they might usefully be applied 

MISE AU POINT ET UTILISATION DES TECHNIQUES D'AIDE A LA DECISION 
POUR L'ETABLISSEMENT DES NIVEAUX D'INTERVENTION 

RESUME 

L'accident de Tchernobyl a donne lieu a de tres vastes debats, au plan interna
tional, sur les principes qui sous-tendent le choix des niveaux d'intervention 
et leur mise en oeuvre. Bien qu'il y ait un large accord sur les principes de 
base, a savoir la necessite d'ameliorer la situation des individus susceptibles 
d'etre exposes en diminuant le risque global moyennant un cout raisonnable du 
point de vue financier et social, la definition du type et du niveau d'inter
vention le mieux approprie dans des circonstances particulieres est plus com
plexe. Dans le cadre de son programme de recherche sur la radioprotection, la 
CCE met au point des techniques visant a faciliter des decisions bien fondees 
et plus transparentes sur le choix des niveaux d'intervention. La presente 
communication decrit ces techniques et les domaines dans lesquelles elles 
pou~raient etre appliquees de fa~on utile. 
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1. INTRODUCTION 

Following the Chernobyl accident there were large differences in the 
intervention measures taken in various countries to limit radiation exposures, 
in p1Hticular in the levels of dose and/or activity concentration at which a 
particular measure was ilitroduced. These differences were responsible for much 
confusion and misunderstanding and, moreover, for considerable anxiety and loss 
of confidence among the public. Superficially at least, the wide divergence in 
actions taken was somewhat surprising, given the broad international accord 
(1-4) not only on the basic principles underlying intervention but also on the 
levels of dose at which it should be introduced. Several factors contribu.ted 
to this divergence, not least misinterpretation of the basic principles and the 
assignment of different weights or importance to issues of a socio-political 
nature which, almost inevitably, have a prominent role in decisions on 
intervention. 

The principles for and guidance on intervention have since been the 
subject of much attention both at national levels and internationally, with a 
view, where practicable, to rationalise different positions and so avoid 
further repetition of the confusion that arose following the Chernobyl 
accident. Both the International Commission on Radiological Protection (ICRP) 
and the International Atomic Energy Agency (IAEA) are in the process of 
revising their guidance on this subject. The IAEA has already issued an 
interim report (5), the purpose of which was to clarify its earlier guidance 
(3) and remove a number of misconceptions pending its more substantial 
revision. 

During the same period considerable progress has been made within the 
European Communities (EC) in reaching a common position on food intervention, 
both in respect of Chernobyl contamination and any future accident. In the 
latter case a Regulation (6) has been made which sets out maximum permitted 
levels of contamination for marketed foodstuffs. The Regulation contains 
provisions for the revision or updating of these levels in light of new 
scientific evidence and/or in the particular circumstances of any future 
accident. 

Within the framework of the Commission of the European Communi ties' 
(CEC) radiation protection research programme a number of activities are being 
undertaken which are relevant to the development of further guidance on 
intervention levels and, in particular, in providing a firmer scientific basis 
for any possible future updating of the levels set out in the EC Regulation on 
foodstuffs. These activities and some of their potentia] applications are 
described in this paper. In order to put these activities into proper 
perspective it is pertinent, first, to review some of the key issues involved 
in the development of further guidance on intervention and summarise the main 
features of the EC Regulation on maximum permitted levels in foodstuffs. 

2. SOME KEY ISSUES IN THE DEVELOPMENT OF FURTHER GUIDANCE ON INTERVENTION 

2.1. Basic principles underlying intervention 

The control of exposures following an accident can only be achieved by 
some form of intervention aimed at modifying the environment or restricting 
people's freedom of action or choice. Such intervention will impose some costs 
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on society and may cause direct harm to some people. Consequently, it should 
not be undertaken lightly. In simple language intervention should only be 
introduced if it does more good than harm (i.e., it should be justified) and 
the scale or extent of intervention should be chosen so as to secure the 
greatest benefit (i.e., it should be "optimal"). 

The purpose of intervention is to put potentially exposed individuals 
into a better position (ideally the best) in the sense that lower overall risks 
are achieved at ;;reasonable" cost in financial and social terms. While this 
objective is both clear and conceptually simple, the practical determination of 
what constitutes the most appropriate type and level of intervention in any 
particular circumstances is more complex. This choice requires a balance to be 
achieved between a variety of competing attributes (e.g., risks of radiation 
exposure, risks consequent upon intervention, direct and indirect costs of 
intervention, etc.) whose magnitudes may vary with the accident characteristics 
and whose relative importance may be susceptible to political and social value 
judgements. There are inherent difficulties in reducing some of the relevant 
attributes onto a common scale but this is not novel and is a problem commonly 
encountered in decision making in many social and economic spheres. Because of 
the potential importance of political and social factors, there is, inevitably, 
much scope for differing outcomes; such differences should not be unexpected 
nor surprising. Notwithstanding these difficulties, it is evident that for 
intervention to achieve its objectives, these issues need to be addressed 
explicitly and a proper balance, however qualitative, achieved. 

2.2. Major factors involved in establishing intervention levels 

Various decision aiding techniques are available to assist judgements in 
such complex areas (e.g., cost benefit analysis, multi-attribute analysis, 
etc.). None has such compelling advantages as to recommend its universal 
application and much would depend on the problem being investigated. Cost 
benefit analysis is one of the simpler and more readily understood techniques 
and, for these reasons alone, \S used here to illustrate a number of the more 
important issues in making decisions on intervention. 

terms: 
The net benefit, B, of intervention can be expressed in the following 

B HR
0

-HR
1

-R
1
-x

1 

L1 HR-(RI +X
1

) 

where HR
0 

is the cost attributable to the health risk from the radiation 
e;~posure in the absence of intervention, 

H~ is the cost attributable to the health risk from the residual 
radiation exposure after intervention, 

is the cost attributable to the risks consequent upon 
upon the intervention measure itself, and 

is the financial and social cost of intervention and may 
include tangible and intangible components. 
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It is evident from this equation that intervention would be justified whenever 
the value of B was positive and that the optimum would be achieved when B was a 
maximum. 

A number of the important issues and difficulties associated with the 
development of further guidance on intervention can be illustrated by reference 
to the various terms in the above equation. With regard to the cost 
attributable to the health impact, C, both effects directly (e.g., cancer) and 
indirectly (e.g., anxiety) attributable to the radiation exposure may need to 
be taken into account. The costing of health impact involves all of the 
difficulties inherent in the valuation of changes in the quality and 
expectation of life; while complex this is again a common, indeed essential, 
component of many decisions in the socio-economic sphere, whether carried out 
intuitively or explicitly. Similar considerations are involved in the costing 
of the risk, R, introduced by the countermeasure itself. The costs, X, of 
intervention may comprise several components, some of which may be more 
tangible than others. The costing of the tangible components (e.g., cost of 
evacuation or relocation, compensation for restricted foodstuffs, cost of food 
disposal, etc.) is relatively straightforward but the intangible components 
present greater difficulty. The latter may include such factors as the 
political and social perception of the need to intervene, harmonisation of 
intervention regionally or internationally, etc.; some of these components may 
have negative or positive costs associated with them. 

The relative importance of the various terms in the above equation will 
depend on the type of intervention envisaged. For intervention where the 
dominant considerations are the risks of radiation exposure and from the 
intervention itself, the balance reduces to a relatively simple comparison, or 
trade-off, between the competing risks. Where the risks are to the same 
individuals the balance is further simplified because considerations of equity 
do not then arise. The balancing process becomes much more complex where the 
dominant terms are the risks from radiation exposure and the "costs" (both 
tangible and intangible) of the intervention. Not only is the process more 
complex but it is also subject to differing outcomes depending on the value 
judgements or importance attached to the various components contributing to the 
"costs". An additional complication that must be recognised is that the risks 
are often borne by a different group from those bearing the costs; for example 
the risks will be borne by those potentially exposed whereas, in many cases, 
the costs will be distributed across a much larger regional or national 
population. In such cases wider considerations, such as socio-political 
attitudes and the optimal allocation of national resources, may play a 
significant role in establishing the appropriate balance. 

2.3. The potentially important role of socio-political considerations 

Despite the broad international accord on the principles and objectives 
of intervention, differences are to be expected in their practical expression. 
Different approaches to the costing and weighting of the various terms in the 
above equation will, in principle, be responsible for this. The most important 
source of difference will result form the inclusion and weight given to factors 
of a socio-polotical, and inevitably less tangible, nature. For example, there 
may be pressure to introduce intervention in response to a perceived risk by 
the public, even where the actual level of risk and the cost of avoiding it 
would not, in itself, justify the intervention; similarly, there may be 
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pressures to maintain doses beneath existing dose limits, or some other 
prescribed limits developed for a totally different purpose, despite this being 
wrong in principle and possibly counterproductive. The existence of 
constraints and 1 utilities 1 may act as a further source of difference. For 
example, there will be bounds to the resources a society may be willing, or 
even able, to commit to intervention; on the other hand, if the costs of 
intervention are small, or trivial on a per caput basis, there may be a 
tendency, or even social pressure, to intervene at a lower level than would 
otherwise be indicated. Different costings and weighting of the more tangible 
quantities in the above equation may also contribute to differences in selected 
intervention levels; in general, however, they will be of secondary importance 
in comparison with the other potential sources of difference identified. 

Some of the potential difficulties involved in reaching broad 
international accord on intervention levels, and the important role of 
socio-political considerations, can be readily illustrated by reference to 
intervention in respect of contaminated foodstuffs in two different situations; 
in one case foodstuffs are assumed to be contaminated directly as a result of 
an accident (although not necessarily in that country) and, in the other, 
contamination only arises indirectly through the import of foodstuffs from 
elsewhere. In the country directly affected it is legitimate to balance the 
costs of the lost produce, of disposal and of implementing the control measures 
against those of the radiation doses averted when establishing the intervention 
level. In the second case it could be argued that only the marginal costs of 
securing alternative uncontaminated (or less contaminated) food supplies would 
be the appropriate quantity to balance against the radiation dose averted, 
provided the costs of implementing the costs of control were small by 
comparison. In many cases these marginal costs would be much smaller than the 
overall cost of the foodstuff and, consequently, much lower intervention levels 
might be deemed appropriate than in those countries directly affected. 

Similar situations arose following the Chernobyl accident and are 
perfectly compatible with the balance/s that would emerge from application of 
the above equation provided only the more tangible components are included. 
One major socio-political consideration is, however, missing from the above 
analysis and it concerns the influence on international trade of various 
countries adopting different, or unduly low, levels for intervention. 
Disruption of trade and retaliatory action in terms of trade in other goods or 
services are possible outcomes of the adoption of unduly low levels of 
intervention in some countries. Taking account of such aspects in establishing 
intervention levels is doubtless complex. What is inevitable, however, is 
that, when such broader considerations are taken into account, the potentially 
large divergence in levels, that could be justified on the basis of the more 
constrained analyses described above, would be reduced. 

The establishment of intervention levels is thus a complex process which 
is compounded by the important role which socio-political considerations play. 
Recognition of the complex interplay between the many factors involved is the 
first step to understanding the diversity of levels that have been adopted in 
the past and to their possible future reconciliation. Given the potentially 
important role of socio-political factors, differences are to be expected in 
the levels established in different countries even where they have all been 
developed in accord with the same basic principles or objectives. These 
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differences should ~ot be seen as surprising, rather it should be recognised 
that they are almost inevitable. 

More attention does, however, need to be given in future to making the decision 
process involved in establishing intervention levels more transparent. The 
origins for differences in proposed levels, which often arise for very 
legitimate reasons, will then be evident; this will be a considerable aid both 
to the understanding and ul-timately acceptance of any levels proposed. Some of 
the relevant activities currently being undertaken within the CEC rad:f.ation 
protection research programme are directed towards this end. 

3. EC REGULATION ON MAXIMUM PERMITTED LEVELS IN FOODSTUFFS 

Following the Chernobyl accident various measures were taken to control 
the distribution and importation of contaminated foodstuffs into the EC. 
Subsequently a Regulation (6) has been made which establishes maximum permitted 
levels of contamination in foodstuffs which may be marketed in the event of any 
future accident. The Regulation has its origins in the quantitative proposals 
of the Article 31 Group of Experts established under the Euratom Treaty to 
advise the Commission on radiation protection. 

The Article 31 Group's proposals were established on the basis that no 
likely combination of different foodstuffs should give rise to individual doses 
higher than the intervention levels of dose recommended by the ICRP (1) and the 
CEC (4). A number of simplifying, but generally cautious, assumptions had to 
be made by the Group in order to develop a practically useful scheme (e.g. , 
grouping nuclides and foodstuffs into a few well defined categories). 
Judgements also had to be made on a number of technical issues such as dietary 
intake and, perhaps the most contentious, the annual average contamination of 
diet that would result from controls being imposed at the levels propqsed. 

The recommendations of the Article 31 Group were modified in the 
proposals made by the Commission to the Council of Ministers for a Regulation 
and, in turn, this proposal was further modified before final agreement was 
reached. The nature of the changes made and the reasons for them are 
summarised in reference (7). One of the more significant changes was a 
reduction, by a factor of 4, in the levels proposed by the Article 31 Group for 
nuclides such as caesium-137 in milk and in other foodstuffs. Considerations 
of a scientific, regulatory, commercial and political nature influenced the 
nature and extent of the changes made. Among the more important were the 
apparent absence of any international scientific consensus on the issue, the 
levels being adopted outside the EC, and the importance attached to taking a 
prudent approach and so maintaining public confidence in the proposed system. 

Although the values finally adopted in the Regulation would be difficult 
to justify in purely scientific terms, they have the considerable merit of 
having been accepted by all twelve Member States, which together form one of 
the largest internal markets in the world. The role and importance, previously 
indicated, of socio-political factors in establishing intervention levels is 
exemplified in the development and evolution of the Regulation. Considerable 
fexibility has, however, also been maintained. In particular two provisions 
are made for the levels to be revised or adjusted, first, in light of new 
scientific evidence and, second, when account is taken of the particular 
circumstances of any future accident. In this context one of the major 
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research topics included in the CEC's post-Chernobyl radiation protection 
research programme was the acquisition and developm~nt of improved data and 
methods to assist in any future revision of the levels in the Regulation. 

4. RELEVANT ACTIVITIES WITHIN THE CEC RADIATION PROTECTION 
RESEARCH PROGRAMME 

There are three activities within the CEC' s post-Chernobyl research 
programme which are relevant to the development of further guidance on 
intervention. One of these is concerned with the acquisition and further 
improvement of the underlying scientific data that might be used in any future 
revision/update of the Council Regulation (6) on foodstuffs and is not 
considered further here. The two remaining studies are directed specifically 
towards the development of decision aids for establishing intervention and 
their main features are described below. The two studies differ considerably 
in their scope and objectives. In one, consideration is limited to foodstuff 
intervention and then only to the more objective o:~; scientific inputs to the 
process. In the other, the techniques being developed are gep.erally applicable 
to any type of intervention and are intended to accommQdate both the more 
object.ive and subjective (e.g., risk perception, socip-poli,tical attitudes, 
etc.) inputs to the decision process. · 

4.1. Decision aiding system for foodstuff intervention 

This expert system is being developed by the Commissariat 1 1' Energie 
Atomique (CEA) in France and is concerned with aiding decisions on foodstuff 
intervention in the event of an accident. The system essentially comprises an 
extensive data base which can be interrogated to demonstrate the implications 
of various intervention strategies and to aid judgements on the optimal 
approach. The system will be developed in two forms, an automatic mode where 
the implications of a pre-determined range of countermeasures is evaluated and 
a semi-automatic mode where the user inputs the strategies to be investigated. 

The system is being developed to take account of most potentially 
important fission products and actinides and foodstuffs will be considered in 
one of four main categories, cereals, milk, vegetables and meat. The data base 
also contains information on dietary intakes, geographic distributions of food 
production and population, economic data on the costs of various types of 
intervention and their regional dependence and transfer data for radionuclides 
through foodchains. 

Judgements on the need for intervention will be made by reference to the levels 
proposed by the ICRP in its Publication No. 40 (1). Where intervention is 
judged appropriate, those measures which have the potential to achieve a 
reduction in dose will be evaluated; these measures will include storage in 
various forms, destruction and/or disposal of the foodstuff, food processing 
and diversion to animal feed. The system will enable intervention to be 
evaluated in terms of measured concentrations in foo<;l.stuffs and in terms of 
deposited levels on the ground or in pasture. The latter can be used as a 
basis for implementing pre-emptive measures to avoid. the contamination of 
animal or food produce. 
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In judging the most appropriate type and level of intervention, a 
strictly economic approach is being followed. The level of food contamination, 
Fe' at which a given type of intervention should be introduced is given by 

F 
c 

p 

aH 
(Bq/kg) 

where P is the cost of intervention per unit 
mass of food (Ecu/kg), 

a is the cost of a man Sv (Ecu/man Sv), and 

H is the committed effective dose equivalent 
per unit intake by ingestion (Sv/Bq) 

The cost of intervention, P, includes all relevant components (e.g., cost of 
lost produce, storage, transport, waste disposal, additional monitoring, 
processing, cost of alternative food supplies, etc.). Only the objective or 
more tangible factors are included in the evaluation; no account is taken in 
the system of risk perception and/or socio-political factors. 

The system, when fully developed, will offer a powerful tool to evaluate 
the various possible strategies for foodstuff intervention, both as an aid in 
real time and in pre-planning. The sole critic ism that can be made of the 
system is that it is unable to take direct account of the less objective or 
subjective factors that often play an important role in decisions of the type 
under consideration. Notwithstanding this limitation, the system has a useful 
role to play in the evaluation of intervention levels that would be most 
appropriate on the basis of straightforward economic considerations; in such 
cases a balance is made between the overall financial costs of intervention and 
those resulting from the radiation doses averted. The potential remains to 
modify subsequently such levels to take due account of any overiding 
socio-political considerations. A benefit of such an approach is that it 
provides a very clear distinction between the more and less objective factors 
involved in the decision process and consequently facilitates identification of 
their respective importance in any given case. 

4. 2 • RADE-AID 

The RADE-AID (Radiological Accident Decision Aiding) system is being 
developed jointly by the Netherlands Organisation for Applied Science (TNO), 
Karlsruhe Nuclear Research Centre (KfK) and the National Radiological 
Protection Board (NRPB). The system is being developed as a decision aid for 
use in the event of an accidental release and is intended for application both 
in real-time and for training and planning purposes. 

The major aims of the system when operating in a real-time mode are: 

- to display coherent information about the actual situation after 
an accident 

- to make realistic predictions of future environmental 
contamination and exposure of the population 

- to demonstrate the influence of different intervention strategies 
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- to identify the optimal intervention strategy using decision 
analysis techniques 

- to provide a tailored presentation of results including 
indications of uncertainty. 

The input to the system will comprise 
environmental contamination. Based on 
strategies specified by the user will be 
analysis techniques. 

measured or interpolated levels of 
these inputs various intervention 
evaluated and ranked using decision 

The system will also provide a powerful instrument for training and in 
the exercise of emergency arrangements. It will also have an important role in 
the planning of intervention and, in particular, as an aid to the establishment 
of guidance on intervention levels. Consideration is directed principally 
towards this last potential role for the system in the remainder of this paper. 

4.2.1. Basic features of the system 

Before outlining the main features of the system a few conunents on 
decision analysis are warranted, if only to circumvent some possible 
misconceptions. It is important to recognise that decision analysis is not 
synonymous with decision making - rather it is an approach or set of techniques 
that enable decision makers to examine alternative choices in the frame of 
uncertainty, risk and complexity. It provides a framework for a structured 
analysis of complex problems which provides greater insights into, and 
understanding of, the problem being investigated, and is particularly helpful 
in analysing problems where there are several competing objectives. Moreover, 
it provides a rapid and efficient means, once the problem has been structured, 
of examining the implications of different courses of action and testing the 
sensitivity of the outcome to uncertainties in the analysis. It is, therefore, 
to be viewed as an aid to the decision maker and not a replacement of his 
function. 

Performing a decision analysis usually involves the following steps, 
although this list should not be considered prescriptive: structuring the 
problem, describing the consequences of various alternative actions, specifying 
the criteria for judging the consequences, assessing weights for the criteria, 
determining the utilities (or subjective values) of the consequences, assessing 
probabilities, applying the expected utility principle and finally undertaking 
sensitivity analyses. The RADE-AID system has been developed along these 
lines. 

Within the RADE-AID system different intervention strategies can be 
evaluated. An intervention strategy may comprise the same type of intervention 
applied at different levels and/or interventions of very different kinds (e.g., 
food storage, disposal, etc.). For each intervention strategy, the 
consequences are calculated for each of those attributes which might 
potentially affect the outcome of the analysis. Among the more important 
attributes are the health impact on the population, both individually and 
collectively, the risks and costs of the intervention, the number of people 
affected, the geographical extent of restrictions, etc.; much would, of course, 
depend on the type of intervention envisaged. In addition to these more 
scientific or objective attributes, consideration must also be given to the 
more subjective elements, (which are often of a socio-political nature) where 
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these may be influential; in these cases only qualitative or semi-qualitative 
estimates may be possible. 

For each of the attributes the consequences calculated for the various 
intervention strategies must be transformed into utilities or expressions of 
subjective value or preference. The transformation will, of course, depend on 
the value judgements and preferences of the analyst/s and this exemplifies the 
need to involve the actual decision makers in the analysis at the earliest 
possible stage. This is important not only to capture the views of the 
decision maker, but also because they may also have views on how the problem 
should be structured and, moreover, may wish to introduce further attributes 
which may have been overlooked on say, a more scientifically based approach to 
the problem. In general, the transformation between estimated consequences and 
utility will not be linear. Weights also have to be assigned to the various 
attributes reflecting their respective importance or desirability to the 
decision maker. The comments made above on the need to involve actual decision 
makers at the earliest possible stage in evaluating utilities apply equally to 
the elucidation of the respective weights. Ranking of the various intervention 
strategies can then be made on the basis of summing, over all attributes, the 
weighted utilities. The robustness of the ranking can be evaluated readily by 
investigating its sensitivity to uncertainties in the analysis and to 
alternative value judgements. 

4.2.2. Potential applications 

One of the more important applications foreseen for the system in the 
short term is to aid the development of further guidance on intervention in 
respect of contaminated foodstuffs and the relocation of people to avoid long 
term exposure to deposited radioactive material. Once the system and its 
decision logic are fully developed it will be applied to assess the merits of a 
wide range of intervention strategies for a comprehensive set of postulated 
accident scenarios. The results will provide a useful framework for 
determining the extent to which generic guidance can be developed for different 
types of intervention or whether, in some cases, the guidance may need to be 
tailored to the particular accident circumstances. In addtion, the analysis 
will have the benefit of making the whole decision making process more 
transparent. 

In the first instance a preliminary and largely illustrative application 
of the system will be performed by the respective contractors. Of necessity, 
this will incorporate their judgements as to what comprises the important 
attributes and also the utilities and weights to be assigned to each. The 
attributes to be included will depend on the type of intervention envisaged but 
will include all of the significant components of risk and cost associated with 
the radiation exposure and the intervention measure; in addition, a whole 
variety of socio-political factors will be incorporated into the analyses, 
e.g., risk perception, public anxiety, regional and international harmonisation 
of intervention levels, international trade, etc. Once the system has been 
developed to an acceptably mature state, the intention is to repeat the 
analysis but, in this case, incorporating the views and judgements of those 
more closely associated with decision making in this area. 
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5. SUMMARY 

The development of further guidance on intervention is currently 
receiving considerable attention both nationally and internationally. 
Significant activities in this area are being undertaken under the auspices of 
the CEC's Radiation Protection Research Programme. In particular, major 
studies are underway in the acquisition of improved data and methods that could 
from the basis of any future update or revision of the Regulation on maximum 
permitted levels of foodstuff contamination. In addition two decision aiding 
systems, of very different scope and content, are at an advanced stage of 
development. Once complete, their application should make a significant 
contribution to the establishment of well considered and transparent policies 
or intervention. 
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ABSTRACT 

NRPB has a statutory responsibility for specifying Emergency Reference 
Levels (ERLs) of dose for use in the UK. It also provides guidance on the 
application of these ERLs, both for planning purposes and for the practical 
implementation of countermeasures following an accident. The accident at 
Chernobyl and the recent revision of fatal cancer risk estimates have stimu
lated national and international review of guidance for emergency response. 
In this paper some of the important issues are presented which have arisen in 
discussions about possible revisions to NRPB guidance. The views expressed 
are those of some members of NRPB staff; they do not constitute formal NRPB 
advice. 

AVIS DU NRPB SUR LA PROTECTION DU PUBLIC ET DES TRAVAILLEURS 
AU ROYAUME-UNI EN CAS D'URGENCE NUCLEAIRE 

RESUME 

Le Conseil national de protection radiologique (NRPB) est charge par la 
loi de determiner les niveaux de reference en cas d'urgence (NRU) qui sont 
applicables aux doses au Royaume-Uni. Il donne egalement des avis sur !'utili
sation de ces niveaux de reference en cas d'urgence, aussi bien a des fins de 
planification que pour la mise en oeuvre des contre-mesures prises a la suite 
d'un accident. L'accident survenu a Tchernobyl et la revision recente des esti
mations sur les risques de deces par cancer ont incite a faire le point, a 
l'echelon national et international, des avis concernant les interventions 
d'urgence. La presente communication expose certains des problemes importants 
qui se sont poses lors des debats sur les revisions susceptibles d'etre appor
tees aux avis du NRPB. Les opinions exprimees sont celles de certains membres 
du personnel de ce Conseil et ne constituent pas une prise de position offi
cielle du NRPB. 
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1. Introduction 

NRPB is responsible in the UK for specifying Emergency Reference Levels 
(ERLs) of dose. Its current recommendations are given in ERL2 [1] and 
DLlO [2]. These ERLs are primarily intended for planning purposes, but they 
also form useful guidance for emergency response following an actual accident. 
It is therefore important that NRPB provides advice- which is both practical and 
appropriate for a wide range of accident scenarios. The advice covers counter
measures for implementation during all phases of an accident, and is relevant 
to accidents which are much larger (or smaller), or of a very different radio
nuclide composition, than the reference reactor accidents used in the UK for 
planning detailed emergency response, as well as to these reference accidents 
themselves. 

The experience gained as a result of the Chernobyl reactor accident has 
prompted all the relevant n_ational and international organisations to review 
their recommendations. In doing so," they are taking into account the new 
evidence about the risks associated with radiation provided by the re-evalua
tion of the data on the Hiroshima and Nagasaki ·survivors. NRPB staff have also 
been reviewing its current guidance and have recently published a paper [3] 
intended to provide a basis for discussion of the kinds-of changes which the 
authors suggest could be made. In this paper I will consider some of the 
technical aspects of these proposals, in the light of discussions with other 
organisations. 

2. The Two-Tier System for Public Protection 

In accordance with ICRP [4], NRPB considers that ERLs should be based on a 
balancing of the detriments associated with taking each countermeasure and the 
detriments which would result from continued exposure· in the absence of the 
countermeasure. Many factors could contribute to this balance; for example, 
direct health risk (both from the radiation exposure and from the counter
measure), economic costs (those directly and indirectly attributable to the 
countermeasure and that of treating any induced health injuries), social 
factors such as the likely reaction of the population, disruption, etc. and 
also implications for international relations and trade. For early counter
measures aimed at reducing potentially high individual exposures, NRPB consider 
that the risks to individuals (both from taking and not taking the counter
measure) should be of primary concern. For countermeasures which are aimed at 
reducing relatively low individual exposures, the other factors mentioned above 
become increasingly more important. 

It is recognised that the appropriate balance between the detriments 
associated with taking and not taking a countermeasure can be strongly 
influenced by the circumstances and scale of the accident. NRPB has therefore 
endorsed the two-tier system of ERLs recommended by ICRP [4]. In this system 
ranges of dose are specified. For each countermeasure there is a lower level 
of dose at which consideration of the introduction of the countermeasure should 
begin and an upper level, above which the countermeasure should almost 
certainly be implemented. Generally, the detriments associated with the 
radiation dose below each lower level will be less than those associated with 
the countermeasure itself. Within the range bounded by the two ERLs, the 
circumstances of the actual accident will determine at what level of dose it is 
appropriate to implement the countermeasure. For doses above the upper ERL, 
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the individual risks associated with the radiation exposure will nearly always 
outweigh any detriment incurred by the countermeasure. 

2.1 Possible Revision of the Two-Tier System 

Recently there has been national and international review of this two-tier 
system of intervention levels (ILs). In some ways a single value of IL for 
each countermeasure is easier to use, both in planning emergency response and 
for making decisions on mitigating actions following an accident. There is 
also discussion concerning whether the lower IL should be considered a kind of 
'de minimis' level; below which implementation of the countermeasure can never 
be justified. 

There is a need for flexibility in response following an accident, which 
requires flexibility in planning for that response. It is essential that 
emergency plans take into account site-specific factors; for example, the 
speed with which advice can be communicated, transport facilities, the number 
and age of people likely to be affected by countermeasures, the type of 
housing, the type of industry close to the site, and whether the planned 
countermeasures would involve institutions such as schools and hospitals. 
Therefore, NRPB recommends that, when emergency plans are prepared for any 
given installation in the UK, the setting of the levels at which action is 
planned to be taken should be the responsibili.ty of the operator (who should 
have a detailed knowledge of all relevant site-specific factors) in 
consultation with the appropriate regulatory authorities. 

NRPB also advises that the practical applications of its ERLs needs to 
be considered in the light of the actual circumstances following the accident. 
Like site-specific factors, the size and nature of the release and the 
prevailing weather conditions can influence the choice of intervention level 
for implementing a countermeasure. For example, if the road conditions are 
hazardous because of snow, ice or flood, the decision to implement evacuation 
might be taken at a higher level of dose than under normal conditions. 

Given the strong influence of the nature of the accident, the prevailing 
weather conditions and other site-specific factors which cannot be entirely 
predicted, on the choice of which countermeasures will have a mitigating effect 
and the value of intervention level at which to implement them, it is important 
to recognise that no system of intervention levels can comprehensively bound 
the range of possible optimum ILs. Therefore, the ILs specified should bound 
the most likely range of levels; it should only be in extreme circumstances 
that values outside this range are used. However, because of this it is not 
possible, on radiological protection grounds, to specify a value of IL below 
which mitigating action can never be justified, under any circumstances. The 
flexibility of the two-tier system should therefore be recognised as flexibi
lity of action within the range under most accident conditions, but with the 
possibility of action outside the range in extreme circumstances. This need 
for flexibility of response is recognised in recent legislation within the 
European Communities (EC) on food concentration levels [5]. Here explicit 
provision is made for the revision of intervention levels following an 
accident. 

Despite the above discussion, NRPB staff recognise that too much allowance 
for flexibility could result in undesirable delays in making decisions, 

- 103 -



particularly at early times following an accident. It may therefore be useful 
to specify a minimum level, for pragmatic reasons, below which action can be 
assumed never to be justified. This is a consideration which is presently 
under discussion. 

2.2 The Size of the Range in the Two-Tier System 

If the two-tier system of ILs is to provide a basis for flexible response 
to an accident, it is important that the range between the upper and lower 
values is wide enough to encompass the majority of potential accident 
scenarios, whilst being narrow enough to form a basis for practical guidance. 
It must also be wide enough to enable flexibility of response, given the 
potentially large uncertainties in dose estimates made at early times during 
the accident. Our experience gained from participation in emergency exercises 
and following the accident at Chernobyl has demonstrated the difficulties 
regarding realistic assessments of potential doses. If the dose range between 
the upper and lower ILs is smaller than the uncertainty in the dose estimates 
then, effectively, only a single IL is available to the decision-maker. We now 
consider that the ranges of a factor of five given in ERL2 [1] are too narrow, 
and feel, in accordance with other, international, organisations [4,6-8] that a 
factor of ten provides a more appropriate range. 

2.3 Proposed Revised Guidance for Early Countermeasures 

NRPB staff have proposed revised ERLs which take account of the issues 
discussed above [3]. Those for the early countermeasures of evacuation, 
sheltering and the issue of stable iodine are shown in Table I. The proposals 
reflect the need for a system which is straightforward to implement, and which 
takes account of the uncertainties inherent in dose estimations made at early 
times following an accident. The ranges between the upper and lower ERLs are 
a factor of ten, whilst the values themselves form a consistent set, based on 
a single number. One important aspect of accidents is that the dose limits 
recommended by ICRP for planned practices [9] do not apply. The proposed 
system makes this clear by avoiding the use of values which are numerically 
equal to the ICRP dose limits. Given the likely uncertainties in dose 
estimates, there is no practical difference between 5 mSv and 3 mSv, or 50 mSv 
and 30 mSv, whilst there are significant advantages in terms of clarity in 
adopting values which do not coincide with the dose limits. 

3. Doses to be Compared with ERLs 

The doses which are intended for comparison with NRPB's ERLs have been the 
basis of considerable discussion within the UK (and, for ILs, internationally). 
There is uncertainty whether the doses to be compared are projected dose in the 
absence of the countermeasure or dose averted by the countermeasure. 

In principle, a combination of projected dose and dose averted should be 
used. As recommended by ICRP [4] and in ERL2 [1], the ERLs should indicate the 
balance point between the detriments associated with taking the countermeasure 
and the detriments associated with not taking it. From this it follows that it 
is dose averted by the countermeasure which is the basis of the ERLs; dose 
received before a countermeasure can be implemented will be a detriment 
associated both with taking the countermeasure and not taking it, and so it 
will not influence the balance point between the two. However, for high 
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exposures, there is the potential for non-stochastic health injuries. Clearly, 
the aim should be to avoid cumulative exposures which would result in the 
occurrence of non-stochastic effects. Therefore, account should also be taken 
of total projected dose when making decisions concerning countermeasures. 

In practice, a system of emergency response requiring the estimation of 
two sets of doses, for comparison with two sets of ERLs, may be unhelpfully 
complicated for application, particularly for those countermeasures which need 
to be taken rapidly if they are to be effective. It may therefore be more 
helpful, having used dose averted as a basis for the ERLs, to then re-express 
them in terms of projected dose. Further investigations of the implications of 
such an approach are necessary, however, before NRPB would wish to give formal 
guidance on this issue. 

4. Population Group to be Considered 

The question of the pbpulation group to be considered when estimating 
doses for comparison with the ERLs has been the subject of much debate. There 
are a number of factors involved, including the dose levels of the ERLs 
themselves, the factors taken into account in determining the balance point 
between the detriments of taking and not taking the countermeasure, and whether 
they are being applied for planning purposes or following an actual accident. 

Some of these points have been addressed by both IAEA [10] and NEA [11]. 
It seems reasonable that an evaluation of the individual risks involved, both 
in implementing and not implementing a countermeasure, should form the starting 
point for any decision on the value of an intervention level. For every 
individual likely to be exposed, this risk-risk balance point will be at a 
different level of dose, depending on the characteristics and habits of the 
individual. This will result in a distribution of balance points, rather than 
a single value, which are optimum for the exposed population and counter
measure considered. Therefore, if only risks are taken into account when 
specifying the intervention level, this intervention level should be set at 
the balance point which is average for the distribution, in order to obtain 
the maximum risk saving within the exposed population. In this case, it should 
be the dose to an individual who is representative of this average which should 
be compared with the intervention level. 

However, there may be a number of reasons for not using an average dose 
for comparison with intervention levels. For example, other factors may have 
been taken into account which result in an intervention level of dose being 
specified which is outside the range of the distribution of risk-risk balance 
points. In this case it is not clear which population group should be consid
ered in comparing doses with the intervention level; it may well depend upon 
the nature of the factors taken into account when determining it. Equally, if 
the dose comparison with the interventional level is undertaken in order to 
determine for what area around a reactor site detailed emergency plans should 
be developed, the choice of population group and their habits will reflect the 
level of caution it is desired to build into these plans. 

There is still much work to be done in this area, but certain points are 
clear. Following an accident, it is impossible to protect every exposed 
individual to the same degree. Since all countermeasures are asssociated with 
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some detriment, be it to the individual, to society, or to both, protection .of 
one group within a population could result in additional detriment to another 
group. Where a population is relatively homogeneous in sensitivity (both to 
radiation and the countermeasures contemplated) the differences in levels of 
protection will not be considered important. But for very inhomogeneous 
populations, serious anomalies could result if protection were targetted at an 
extreme group. It has been suggested that this could be avoided by applying 
countermeasures selectively to particular groups within the exposed population. 
However, discussions with other organisations indicate that this is difficult 
to implement in practice. We therefore propose to recommend only that, if a 
countermeasure is implemented, some thought should be given to the order in 
which it is implemented for different population groups. For example, if 
evacuation is recommended, it may be sensible to give highest priority 
to schools, and lower priority to homes for the elderly. 

However the practical implementation of countermeasures is worked out, 
it is clearly important the characteristics of the populations likely to be 
exposed in the event of an accident are considered carefully when determining 
intervention levels for the site, and that the appropriate population groups 
for which dose calculations should be carried out (for comparison with the 
intervention levels) are clearly identified. 

5. Guidance on the Application of Countermeasures 

5.1 General 

Countermeasures vary in their usefulness depending on many factors, some 
site-specific, some seasonal, some to do with the nature of the accident and 
the release. NRPB staff are considering whether to provide more detailed 
guidance on the factors influencing the radiological protection afforded by 
countermeasures and, in particular, more detailed advice concerning the timing 
of countermeasures, the ways in which the composition and characteristics of 
the release influence the efficiency of countermeasures, the application of 
countermeasures to special groups and situations, and the combination of two 
or more countermeasures to form an effective mitigative strategy. 

If it is decided to give it, such guidance would be needed for all 
countermeasures. For illustrative purposes the following discussion will 
concentrate on the countermeasure of sheltering. This is not intended to imply 
that sheltering is likely to be the most effective countermeasure following an 
accident, or that NRPB considers other countermeasures to be less important. 
However, NRPB staff think that the use of sheltering has not been explored 
fully in the UK, and that the factors influencing the level of protection 
afforded by sheltering may be less well known. 

5.2 Sheltering 

Sheltering (remaining indoors with windows and ventilation systems shut) 
in solidly-built houses of stone, brick or concrete can reduce external 
exposure by a factor of ten and, provided the buildings are reasonably 
airtight, reductions in inhalation dose of a factor of three (for particulates) 
seem likely [12]. These are significant reductions in dose which can be 
achieved at very little additional detriment to the individual, and very 
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little cost to society. If; in addition, stable iodine is issued to prevent 
uptake of iodine to the thyroid; this combination of countermeasures has the 
potential to provide effective public protection, without the distruption, 
anxiety and cost involved in evacuation. However, it is important to take 
account both of the nature of the housing available, and the likely duration 
and composition of the release when deciding whether to implement this 
strategy. Lightly constructed buildings give little protection, whilst for 
a long release, or a release dominated by radionuclides, other than radio
iodine, which pose a significant inhalation hazard, sheltering would not form 
such an effective countermeasure. Apart from being impractical and becoming 
increasingly disruptive, prolonged sheltering does not afford a reduction of 
inhalation dose as large as a factor of three, owing to a gradual filtering of 
radionuclides into the house. 

Sheltering can also form a useful countermeasure in conjunction with 
evacuation. There may be a number of reasons why it is either not possible or 
undesirable to implement evacuation quickly. It may be that the scale of the 
accident is not immediately apparent, or that the scale of the reiease is such 
that evacuation through the plume is considered to involve too high a risk. 
Under such circumstances, sheltering can be advised. In addition to the 
potential dose savings, this has the advantage that, when it is possible to 
carry out the evacuation, the population are likely to be in known locations 
and therefore more easy to contact. In addition, whilst it might be prud~ht 
to wait for measurements to determine potential dose levels before implementing 
the relatively costly and disruptive countermeasure of evacuation, it would be 
much easier to advise precautionary sheltering based on far less information, 
since the detriments associated with sheltering are so much less. 

6. Protection of Workers 

Generally, much attention has been given to the protection of the public 
following an accident, but relatively little has been given to the protection 
of workers, particularly those who are not normally involved with radiation. 
NRPB is concerned that coherent guidance should be provided for all individuals 
likely to be exposed following an accident. In particular, the guidance should 
ensure that there are no anomalies between the levels of protection advised for 
the public and those for workers. 

6.1 Proposed Guidance 

NRPB staff have proposed guidance for the exposure of workers following an 
accident [3]. The proposed dose levels are given in Table II. Four groups of 
workers are identified who are involved in different ways during different 
phases of the accident. 

The first group consists of workers and emergency services personnel on 
site during the accidental release who are involved in bringing the plant under 
control. Clearly, since an accident is occurring, the dose limits recommended 
by ICRP for occupationally exposed persons do not apply, and nor does their 
guidance on planned special exposures [9]. Moreover, it is neither possible, 
nor appropriate, to specify limiting values of dose for use during the · 
accident. However, it is suggested that substantial efforts should be made to 
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keep doses to levels lower than those at which non-stochastic effects may 
occur, i.e. about 0.5 Gy to the whole body or 5 Gy to any organ or tissue. 
It is also suggested that workers undertaking actions involving doses above the 
dose limit should have a sound understanding of the risks they are taking and 
should be provided with dosemeters. 

The second group consists of workers and emergency services personnel on 
site once the release has ceased and the plant is under control. It is 
suggested that workers should only be permitted to incur doses above the normal 
occupational limits if the actions are necessary to reduce significant exposure 
off-site. In such situations, it is proposed that doses should be controlled 
according to ICRP recommendations for planned special exposures. These require 
that doses should be restricted to twice the annual limit for any single event, 
and to five times the annual limit in a lifetime. 

The third and fourth groups comprise workers jnvolved in mitigating the 
radiological impact of the accident off-site. It is suggested that those who 
are involved in implementing early countermeasures, for example the police, 
should generally not be allowed to exceed the annual occupational dose limits. 
However, in exceptional circumstances, it may again be necessary to follow 
ICRP's recommendations for planned special exposures. All other off-site 
workers not directly involved in implementing early countermeasures (e.g. those 
involved in decontamination and other recovery operations) should be subject to 
the full ICRP system of dose limitation [9]. 

6.2 Defining Workers 

One potential problem in providing guidance about doses to workers is 
defining who this advice is intended to apply to. Where individuals are 
classified radiation workers, the position is clear. However, there may be 
individuals from a range of occupations who are involved in mitigating actions 
following an accident who are not registered radiation workers. The most 
obvious example are emergency service workers: the police, fire brigade and 
medical personnel. However, there are also, potentially, transport workers 
helping with evacuation, farmers who need to re-enter an interdicted area to 
tend their animals, and other individuals whose continued presence in a 
contaminated area is considered important. NRPB staff suggest that emergency 
services personnel and those involved in helping carry out countermeasures 
should be afforded protection according to the advice for workers. The situa
tion for other individuals, particularly those who are incurring exposures on 
their own behalf (e.g. farmers), is less clear. The most important considera
rations are that these individuals should be properly informed of the risks 
associated with the radiation levels, and that their exposure should be 
estimated. However, we feel that further discussion is required before more 
explicit advice can be given. 

7. Summary 

NRPB has a responsibility for specifying ERLs. Its guidance, as specified 
in ERL2 [1] and DLlO [2] is currently being reviewed. Some proposals for 
revision have been put forward in a paper by NRPB staff [3], and have been the 
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subject of wide consultation within the UK. Some of the technical aspects of 
these proposals are considered in this paper, taking into account discussion 
with other organisations. The issues discussed include the formulation and 
application of ERLs, and practical guidance on the implementation of 
countermeasures following an actual accident. 

In developing a system for emergency response, it is important that the 
basis for that system is clear and that the system should be straightforward 
to work with, so that decisions can be taken quickly, if necessary, following 
an accident. At the same time, the system should allow for flexibility of 
response, in the light of conditions pertaining to the actual accident. 
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Table I 

Proposed Pose Levels for the IntrQduction of 

Counte~measures to Protect the Public* 
~" . ~-- --·- -~ ... 

·- ~ . ··-- .. ...... ····· 
Do!?e Ji:q-q!valent 

Countermeasure Organ ······--· ·--

(mSv) 

Lowe:r; Level Upper Level 
"--

Sheltering Whole body/ 3 30 
effective 
Thyroid 30 300 

Skin 30 300 

Evacuation Whole body/ 30 300 
effective 
Thyroid 300 3,000 

Skin 300 3,000 
----

Distribution ot stable Thyroid 30 300 
iodine tablets 
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Table II 

Proposed Dose Levels for Workers in the Event of an Accident''' 

Type of Worker Type of Work Organ Dose Level not to be 
Exceeded (mSv) 

On-site workers Bringing plant 
and emergency under control Not applicable, see Section 6.1 
personnel 

General Exceptional 
On site recovery Circumstances 
measures and 
actions to 1 Year Single Lifetime 

On-site workers reduce off-site event 
exposures once 
release has Whole body/ so 100 250 
ceased effective 

Single organs soo 1,000 2,500 

Implementing Whole body/ so 100 250 
countermeasures effective 

Off-site Single organs 500 1,000 2,500 
workers 

Recovery Whole body/ so 
operations effective 

Single organs soo 
,., These are the dose levels proposed by NRPB staff in Reference 3. 
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NUCLEAR EMERGENCY PLANNING AND RESPONSE 
IN THE NETHERLANDS AFTER CHERNOBYL 

L.J.\l.M .. Bergman et Ir. P. Kerkhoven 
Ministry of Housing, Physical Planning and Environment 

Directorate-General for Environmental Protection 
Radiation Protection Division 
Leidschendam, The Netherlands 

ABSTRACT 

After Chernobyl an extensive project on nuclear emergency planning and response 
was started in the Netherlands. The objectrive of this project was to develop 
a (governmental) structure to cope with accidents with radioactive materials, 
that can threaten the Dutch community and neighbouring countries. 

The project has resulted in a new organizational structure for nuclear emergen
cy response, that differs on major points from the existing plans and proce
dures. In this paper an outline of the new structure is given. Emphasis is 
placed on accidents with nuclear power plants. 

PLANIFICATION ET INTERVENTION EN CAS D' URGENCE NUCLEAIRE 
AUX PAYS-BAS APRES TCHERNOBYL 

RESUME 

Apres !'accident de Tchernobyl, un grand projet de planification et d'interven
tion en cas d'urgence nucleaire a ete entrepris aux Pays-Bas. Ce projet avait 
pour objet d'elaborer une structure (gouvernementale) en vue de faire face aux 
accidents mettant en jeu des matieres radioactives qui peuvent menacer la com
munaute neerlandaise et les pays voisins. 

Ce projet a abouti a la mise en place d'une nouvelle structure pour les inter
ventions en cas d'urgence nucleaire qui differe sur certains points importants 
de celle des plans et procedures anterieurs. La presente communication expose 
les grandes !ignes de cette nouvelle structure en mettant !'accent sur les 
accidents lies aux centrales nucleaires. 
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Summary 

As a result of the accident with the nuclear power plant in 
Chernobyl, an Interdepartemental Project Nuclear Emergency 
Planning and Response started in the Netherlands mid 1987. 
The purpose of this project was to improve the existing 
plans for nuclear emergency respons. The project resulted 
in a "National Plan for nuclear emergency planning and 
response" , in which a new organizational structure for 
nuclear emergency planning and response is described. 
This structure makes it possible to cope with all types of 
nuclear accidents. 
The contents of this paper however, with regards to the 
objective of the workshop, is focused on emercency planning 
and response for accidents with nuclear power plants. 

In case of an accident with a nuclear power plant the 
coordination of the emergency response will rest at the 
national governmental level, with a National Management 
Team. The evaluation of technical information will be 
carried out by a Technical Information Group, that will be 
supported by centres that collect the information with 
reference to their own specific discipline (agriculture, 
waterservices, environmental monitoring etc.). 
For providing information to the public, press and media a 
National Information Centre will be established. 

In the National Plan it is also indicated which measures 
can be taken, in which way they have to be implemented and 
what the different intervention levels are. For nuclear 
power plants in the Netherlands a system of emergency plan
ning zones is foreseen. Within the zones the certain 
measures will be prepared in detail. 

In developing the new organizational structure, internatio
nal guidelines and agreements have been taken into account, 
i.e. the IAEA conventions, de CEC arrangement on fast 
information exchange, the proposition for a guideline for 
the board of the CEC about information in case of nuclear 
accidents, the bilateral conventions with Belgium and 
West-Germany and the Memoranda of Understanding with West
Germany, the United Kingdom and Norway. 
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1 . Background 

The accident with the nuclear power plant in Chernobyl in 
april 1986 confronted the Dutch society with a radio
active contamination of large parts of the country. The 
response to this accident was mainly improvised by the 
goverment, because of the lack of arrangements that are 
specially intended to handle this kind of accidents. The 
existing alarm regulations, based on the Nuclear Energy 
Act, are specially meant for the installations within the 
Netherlands and in the border areas. 

On the initiative of the Minister of Housing, Physical 
Planning and Environment the preparations for the Project 
Emergency Planning and Response (PKOB) started mid 1986. 
The objectives of the project were 

to describe the operations of the authorities required 
to handle accidents with radioactive materials and to 
design an appropriate organizational structure; 
to indicate the logistics and regulation required; 
to develop a maintenance program, including training 
and evaluation. 

Some important starting points were, that the project 
should direct itself to all government levels (national, 
provincial, municipal and regional) and that the proj eat 
should as much as possible link to the already ongoing 
reorganization of the general emergency response organiza
tion in the Netherlands. This meant also that a link 
should be made between the Nuclear Energy Act and the 
Disaster Act. 
Finally the proj eat should not only focus on accidents 
with nuclear power plants, but on all accidents that could 
result in a release of radioactive materials. 

In juli 1987 the project started officialy. The results are 
laid down in the "Policy Document for Nuclear Emergency 
Planning and Response" and the "National Plan for Nuclear 
Emergency Planning and Response (NPK)". In the policy 
document the policy decisions concerning the framework and 
the organization of nuclear emergency response are given, 
while in the national plan these decisions are worked out 
in detail. Both documents were presented to Parliament by 
the Minister of Housing, Physical Planning and Environment 
at Febuary 13, 1989. The policy document will be translated 
in English. 

In the project organization about ten ministeries, as well 
as representatives of provinces and municipalities, 
technical institutes and environmental organizations 
participated. 
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2. Results 

The objects, that in case of an accident can lead to a 
release of radioactive materials, are devided into two 
categories. The difference between the two categories is 
based on the (possible) extent of the impact of an 
accident, in terms of the radiological consequences, the 
extent of the measures to be taken, the public information 
to be provided, the political and economical consequences, 
international obligations etc. These factors determine the 
governmental level that will be responsible for the coordi
nation of the nuclear emergency planning and response. 

Objects 

.----------f-----------, 
Category A 
objects: 
coordination by 
national government 

Factors, 
criteria 

r-----------f-----------, 
Category B 
objects: 
coordination by 
municipality 

figure 1.: subdivision of objects into two coordination 
classes. 

This analysis resulted in the following division: 

Category A: objects, of which the (potential) impact of an 
accident concern the whole country, or needs the involve
ment of the national government because of transboundary 
aspects or because of the tuning with foreign authorities. 
The coordination will be carried out in these cases by the 
national government. 
This class concerns accidents with: 

foreign facilities; 
nuclear installations (power plants and research 
reactors); 
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nuclear powered ships; 
nuclear powered satellites; 
nuclear defense material. 

Category B: objects, of which the ( potent.ial) impact of an 
accident does not exceed the municipal territory where the 
accident has taken place. The mayor will be in charge of 
the coordination in these cases. In case more than one 
municipality is involved> the Commissioner of the Queen 
will also be involved. In view of the special character of 
accidents with nuclear material, the national government 
will provide expert support on request. 
This class concerns accidents with: 

the uranium enrichment facility at Almelo; 
the nuclear waste process and storage facilities at 
Petten; 
installations for the production of radioactive sources 
or materials; 
locations (fixed or mobile) where radioactive sources 
and materials are used; 
transports of nuclear materials. 

2.1. Categorie A objects 

Alarm Centre 

In the Netherlands a National Alarm Centre for environmen
tal and public health incidents is operational. This centre 
is assigned as the alarm centre for nuclear accidents and 
as contactpoint for the IAEA convention on "Early 
Notification". 

Accident coordination 

With regard to the category A objects a new organizational 
structure has been developed, as described in the National 
Plan. The overall coordination will be performed by a 
national management team. As soon as interdepartemental 
coordination is required, this team is convened. The 
chairmanship of the managementteam is provided by either 
the Ministry of Housing, Physical Planning and the 
Environment or the Ministry of the Interior, depending on 
the the type of accident and the type of measures required. 
The management team is notified by an Assessment Unit, 
which makes the first assessment of the impact of an 
accident for the Netherlands. 
The management team convenes in a National Coordination 
Centre (NCC), for which a fixed location has been chosen. 
The NCC is established in the Departemental Coordination 
Centre of the Ministry of the Interior. From this centre 
all communications with decentralized authorities will be 
performed. 
In this centre the management team is supported by a 
technical information group, an (public) information group 
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and by liaisons of the ministries concerned. In figure 2 
the interdepartemental organization for nuclear emergency 
response is outlined. 

National level 

National Coordination Centre (NCC) 

Management team 

Departemental liaisons 

Technical (Public) 
Information Information 
Group Group 

b============4=======================4 

.------T 

Departemental 
Coordination 
Centres 

-

- - - - - - - - - - - - - -
Provincial level 

Local level 

Deconcentrated 
state 
services 

.----'----'~ 
Deconcentrated 
state 
services 

I 
I 

I 
Provincial ............... , 
Coordination 
Centres 

' 

l 
Municipal 

I 
Coordination 
Centres 

- -

figure 2. : the organizational structure for nuclear emergency 
response. 
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Through the Departemental and Provincial Coordination 
Centres the operational linkage with the deconcentrated 
state services, the functional governmental services and 
other authorities is provided. 

At provincial level the Commissioner of the Queen also has 
a coordinating function. This function is especially 
regarded to the coordination of the execution of the 
measures, that have been decided in the management team. 

The measures are carried out by operational staff of the 
municipalities (police, fire brigade etc.) and other 
services at this level, for which the mayor is responsible. 

Technical Information 

The developed structure for nuclear emergency planning and 
response contains an organization, that makes it possible 
to coordinate all data gathering- and processing potential 
in the Netherlands. The organization consists of services 
and institutes that are already active in the area of 
radiological monitoring and evaluation. The overall 
coordination is the responsibility of a central technical 
information group, that reports to the National Management
team. 

The data are collected by Support Centres, that are 
specialised in specific areas. There are Support Centres 
for environmental monitoring, public health, agriculture, 
drinking water, surface water management, (processed) food 
and meteorology. The Support Centres provide the informa
tion to the technical information group in compiled and 
preprocessed form. 

The National Institute for Public Health and Environment 
(RIVM) is one of the support centres. In addition the RIVM 
will establish an Information and Documentation Centre is 
established, where among other things central storage and 
processing of all the measuring data from the support 
centres and from abroad will take place. 

Figure 3 contains an outline of the Technical Information 
organization. 
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figure 3.: the technical information organization. 
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Information to the public, the press and the media 

All public information services will be coordinated by a 
National Public Information Centre. In this way an easily 
accessible contactpoint is established for the public and 
for the press/media while unity of information provided can 
be guaranteed. The National Public Information Centre is 
located in the National Coordination Centre. 
In the Information Centre a organization functions, that 
continiously determines the need for information of the 
public and the media, keeps the management team informed 
about these needs, provides the management team with advice 
on information activities, processes the decisions of the 
management team to information products and coordinates and 
implement the actual information services. The organization 
consists of: 

an information-coordination team; 
a unit to inform the public; 
a unit to inform press and media; 
a unit to inform other authorities. 

When the accident takes place in a nuclear power plant in 
the Netherlands or in the border areas, an additional need 
for information will arise in the region concerned. To 
comply with this need, the national and local government 
will also provide information at the local level. For this 
purpose both representatives of the national and the local 
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government will participate in an joint regional public 
information centre. 
Figure 4 contains an outline of the information
organization. 

Management team 
L--------!--------~ 

~----------------------------------l--------------------------------~ 
National Public Information Centre 

Unit for Unit for Unit for 
public information to information to 
information press and media the authorities 

L---------------------------------!--------------------------------~ 

.--------l--------. 
Regional Public 
Information 
Centre 

figure 4.: the Public Information organization. 

In developing an information-strategy, the revised CEC 
proposal for a guide of the council concerning the 
information to the public (COM(88) 809 def) was taken into 
account. The Dutch guidelines match on the main outlines 
with the CEC proposal. In the Netherlands however, the 
information that is given during a nuclear accident will 
also be tuned with the guidelines for public information in 
case of other great (environmental) disasters. In this way 
uniformity of public information is reached. 

Measures 

The measures that can be taken in case of an nuclear 
accident, are devided into two categories: 
1. direct measures: these are measures for direkt protecti

on of the public and medical measures: this category 
comprises evacuation, sheltering, Iodineprofylaxe, 
medical care of irradiated or contaminated persons and 
protective measures for emergency workers; 

2. indirect measures: these are measures with regard to: 
a. water resources management and drinking water supply: 

this category comprises amongst others, measures for 
accelerated drainage or flow of contaminated surface 
water, a halt of the intake of surface water for the 
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preparation of drinking water and the prohibition of 
spreading contaminated refining mud for agricultural 
purposes; 

b. agriculture and food supply: this category comprises 
amongst others, the isolation of contaminated 
animals, plants and goods, the prohibition of 
grazing on possible contaminated grasslands, the 
foreclosure of glass houses, the restriction of using 
rainwater for sprinkling grounds and the prohibition 
of fertilizing with refining mud. 

The first category of protective actions is mainly related 
to the immediate surroundings of nuclear installations 
("near field"), while the second category is related to 
both the immediate surroundings as well as to greater 
distances ("far field"). 
In the Netherlands intervention levels have been defined 
for both the direct measures and the indirect measures. 

In the National Plan for emergency planning and response 
special attention is given to accidents with nuclear power 
plants in the Netherlands and the border areas. The 
operational response for these installations will be worked 
out in detail in intermunicipal emergency response plans. 

For evacuation, sheltering and Iodineprofylaxe emergency 
planning zones have been defined, in which the measures 
concerned must be pre-planned and prepared in detail. To 
define the size of the zones dispersion- and effectcal
culations have been executed for a reference accident with 
a nuclear power plant. The calculations have been carried 
out for different power outputs (50, 100, 500 en 1000 MWe). 
As reference source term for the calculations the PWR-5 
source term from the Rasmussen WASH-1400 study has been 
taken, while for the meteorological conditions class D2 has 
been chosen. In appendix 1 some characteristics and 
parameters of the calculations are given. 
The results of the calculations are put into dose-distance 
curves. By adding the intervention levels for the different 
direct measures into the grafics, it can be determined to 
which distance the concerning measures should be prepared. 

Besides these so called implementation zones also organiza
tion zones have been defined. These zones have the purpose 
to define in which area the local authorities have to 
establish official agreements, which will make it possible 
that in case of an accident quickly and adequatly certain 
actions can be undertaken. The organization zone has to be 
sufficiently large to allow a properly operating local 
organization structure. Also it has to be guaranteed that a 
appropriate operational management has been provided to 
allow the execution of the measures prepared in the 
implementation zones. In appendix 2 an overview of the 
different zones is given. 
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When an accident occurs with a power plant in the Nether-
1ands or in the border areas, it is of great importance 
that immediately direct measures can be taken at the local 
1evel. If one should wait until the organization at 
national level would be fully operational there will. be a 
1apse of time of some hours. The coordinating mayor in the 
region therefore will be authorized to take all actions 
required during the first hours of an accident, until the 
national organization is functioning. The utili ties will 
advise the mayor in doing so. To perform this task, they 
can make use of the new accident classification system for 
the Dutch power plants that has been developed: the 
measures to be taken in case of an accident are combined 
with the different accident classes beforehand. The new 
classification system is similar to the IAEA system and the 
names that are used by the IAEA are adopted. In appendix 3 

.some additional information on the new system is given. At 
this moment the system is worked out in detail to plant
parameters and (possible) releases for the plants in 
Borssele and Dodewaard. 

International aspects 

In developing the new organizational structure for 
emergency planning and response, international developments 
and agreements are taken into account. Examples of these 
are the IAEA conventions on Early notification and Mutual 
assistance and the CEC regulation on fast information 
exchange. 
The Netherlands also made bilateral agreements with 
Belgium and West-Germany on mutual assistance in case of 
large accidents or disasters and signed Memoranda of 
Understanding with the United Kingdom and Norway. With 
west-Germany an agreement exists on mutual information 
exchange and consultation with regards to nuclear installa
tions in the border areas since 1978. This agreement 
resulted among other things in the Dutch-German Commission 
on Nuclear Energy. With Belgium deliberation is going on 
about a bilateral consultation mechanism. 

Recovery phase 

In the first part of the recovery phase a limited response 
organization is functioning; in the second part the regular 
organizations are responsible for handling the conse
quences of the accident. 
Special emphasis will be given in this phase to starting up 
monitoring programs to assess the long term impact of the 
accident. 
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2.2. Category B objects 

It is intended to link the response for accidents with 
category B objects as much as possible to the existing 
response organization and infrastructure for the other 
types of accidents in order to prevent the development of 
separate plans. Therefore the response to accidents with 
category B objects will be incorporated in the general 
municipal disaster plans and in separate disaster response 
plans. The legal regul tations will be adjusted so as to 
allow the mayors to take all actions required. 

3. Implementation of the National Plan 

The National Plan for Nuclear Emergency Planning and 
Response is introducing several new elements. These are 
being implemented in a follow up project. The structures 
and systems concerned will be introduced gradually. At the 
same time the National Plan will be given a legal base. 
It will be investigated whether close to the nuclear power 
plants in the Netherlands and in the border areas new re
gional coordinating centres will have to be realised. 
The communications will be connected to the new national 
communications emergency network, that is in preparation 
at present. 

For the nuclear power plant in Borssele the development of 
an intermunicipal emergency plan has been started. As soon 
as this plan is completed it will be used as a model for 
comparitive plans for Dodewaard, Doel (B) and Emsland (D). 

A good preparation of nuclear emergency response does not 
only demand adequate planning as described in the National 
Plan, but also practical education, training and exerci
sing. Therefore an extensive program for education and 
training of all persons who are involved with nuclear 
emergency response will be developed. 
Uptil now the target-groups in the management part of the 
structure are defined and for these groups the necessary 
education and training is determined. Soon this will also 
take place for the operational part (implementation of 
measures) of the new structure. Special drills and 
exercises will be included to test and upgrade the new 
organisational structure. 

4. COSMOS 1900 

In september 1988 the new structure for emergency planning 
and response has been used to deal with the crash of the 
Soviet Satellit COSMOS 1900. 

The experiences of this 11 forced exercise 11 confirmed the 
operational nature of the new structure. 
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Appendix 1. Parameters and characteristics of the 
dispersion- and effectcalculations. 

Source term 

Parameters 

Release fraction 

- noble gasses 

- volatile materials 
I 
Cs, Rb 

- less volatile materials 
Te, Se 
Ba 
Ru, Rh 

- non volatile materials 
Sr 
Y, Zr, La, Np 

PWR-5 

0,3 

0,03 
0,01 

0,005 
0,001 
0,0006 

0,001 
0,00007 

Delay time (hour) 2 

Release duration (hour) 4 

Release height ( m) 0 

Types of nuclear power plants 

The calculations are executed for the Light Water Reaktor 
type (LWR), because both the reactors in the Netherlands as 
well as most of the reactors in the surrounding countries 
are of this type. 
The selected power outputs are 50, 100, 500 en 1000 MWe. 
In comparison: Dodewaard, Borssele, the largest of the 
four units in Doel (B) and Emsland (D) have an output of 
respectively 50, 450, 950 and 1300 MWe. 

Meteorological data 

As a distribution condition for the release, a weather type 
with a high frequency of occurence has been selected. The 
selected classification is that of neutral weather 
( Pasquill class D), which for the Netherlands has a 70 
percent chance of occurence. The wind speed is set at 4 
m/ s (class D2 ) and dry as well as rainy conditions have 
been considered. 
The calculations for the short distances cover more than 90 
percent of the possible occuring situations. 
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Appendix 2. Emergency planning zones 

Tabel 2.1. Implementation zones, based on reactor output 

Output 
in MWe 

~ 100 
100 ~ X ~ 
;e: 500 

Tabel 2.2. 

Nuclear 
Power 
Plant 

Dodewaard 

Borssele 

Doel 
( B, 5 km 
of NL) 

Ems land 
(D, 20 km 
of NL) 

Kalkar 
( D, 10 km 
of NL, 
not yet 
active) 

Evacuation Iodineprofylaxe Shelter 
zone in km. zone in km. zone in km. 

0 4 7 
500 5 10 20 

5 15 30 

Organization- and implementation zones on Dutch 
territory for the nuclear power plants in the 
Netherlands and the border areas. For the foreign 
plants the total distance of the zones is given 
between brackets. 

Organi- Implementationzone 
zation-
zone Evacuation Iodineprof. Shelter 
in km. zone in km. zone in km. zone in km 

5 0 4 7 

10 5 10 20 

10 (15) 0 ( 5) 10 (15) 25 (30) 

0 (15) 0 ( 5) 0 (15) 10 (30) 

0 ( 10) 0 ( 5) 0 (10) 10 (20) 
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Appendix 3. Accident classification system for nuclear 
power plants. 

1. Emergency standby: 
a situation, which, in connection with the safety of the 
plant, requires an increased alertness and the implemen
tation of internal measu;r>es. No nuclear accident has 
occured and the official permissible release limits will 
not be exceeded. 

2. Plant emergency: 
an occurence, where tb.e possible radiological effects 
will be limited to (a Part of) the insti;illation. No 
measures off-site are requiPed. 
A plant emergency begins, when a release occurs or 
threatens that is exceeding ten times the official 
permissible day-release limit. 

3. Site emergency: 
an occurence, that can lead to the implementation of 
indirect measures in the surroundings (i.e. measures 
regarding agriculture or food supply). The measures 
will be executed, based on measuring data. Direct 
measures (protect! ve actions such -as sheltering, 
evacuation or Iodine profylaxe) are not required. 
A site emergency begins, when a release occurs or 
threatens that can lead off-site to the exceeding of the 
lowest intervention level fol;' indirect measures. This 
level is the maximum permissible contamination of 
grazing land: 5000 Bq/m2 Iodine. 

4. Off-site emergency: 
an occurence, that can lead to the implementation of 
direct measures off-site. 
An off-site emergency begins, when a release occurs or 
threatens, that can lead to the exceeding of the lowest 
intervention level for protective actions outside the 
plant perimeter. This level is the lower intervention 
level for sheltering: 5 mSv Heff or 50 mSv Hth' 

Summarized: 

Emergency 
standby 

no measures 
off-site 

Plant 
emergency 

Site 
emergency 

5000 
Bq/m2 

Iodine 

no measures 
off-site 

indirect 
measures 
off-site 
possible 
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PLANS D' URGENCE 
L' EXPERIENCE BELGE 

A. Clymans 
Protection civile 

Ministere de l'Interieur 
Bruxelles (Belgique) 

RESUME 

Les retombees de la catastrophe de Tchernobyl ont donne lieu, en 
Belgique, a une evaluation de la planification d'urgence dans son ensemble, et 
surtout des plans d'urgence ou des plans de secours des risques nucleaires. 
Qu'est-ce qui existe, et dans quelle mesure est-ce operationnel ? 

Cet expose a pour objectif de presenter une large fresque decrivant les 
differents aspects de la problematique : structuration des plans des autorites, 
coordination des operations, decentralisation versus centralisation, zones de 
planification, obligation de notification, information de la population et re
lations avec les medias, et enfin, la dimension internationale, pour laquelle 
l'auteur souhaite que quelques propositions se concretisent. 

EMERGENCY PLAN 
BELGIAN EXPERIENCE 

ABSTRACT 

The Chernobyl disaster prompted authorities in Belgium to carry out a 
comprehensive review of all emergency plans and, in particular, those designed 
specifically for nuclear accidents. This review was aimed at determining what 
type of plans existed and to what extent such plans were operational. 

This paper sets out to present a broad overview of different aspects of 
this problem: organisation of public emergency plans, co-ordination of opera
tions, merits and demerits of centralisation as opposed to decentralisation, 
planning zones, obligation to release information to the public and relations 
with the media, and finally the international dimension to the problem. The 
author expresses the hope that the latter area will inspire practical sugges
tions. 
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1. Introduction definitions. 

1.1. Situation d'urgence ou de catastrophe. 

En general, chaque causerie debute par la delimitation de son sujet, 
notamment par la definition des notions. Ceci souleve cependant une 
premiere difficulte, parce que trouver la definition d'une situation 
d'urgence ou d'une catastrophe n'est pas chose evidente, et surtout, ne 
fait pas l'objet de l'unanimite. 

Bien qu'un evenement determine puisse etre ressenti par la victime 
ou sa famille comme une veritable catastrophe, ce fait ne signifie pas 
necessairement une catastrophe dans son acception sociale. 

La notion de situation d'urgence ou de catastrophe n'a pas ete 
circonscrite par le legislateur belge (loi du 31 decembre 1963 sur la 
Protection civile), mais celui-ci a etabli une enumeration categorielle 

- evenements calamiteux, comme les ouragans, les tremblements de terre, 
les inondations graves, la penurie grave d'eau, etc., en fait les 
calamites naturelles ; 

- catastrophes, comme les accidents de chemin de fer, d'aeronefs, les 
ruptures de digues, les graves pollutions par hydrocarbures, les accidents 
entrainant la perte de nombreuses vies humaines ou des degats materiels 
considerables, en fait, des catastrophes dues a des defaillances humaines 
ou techniques ; 

- sinistres, notamment les incendies, les explosions, les affaissements de 
terrain, les accidents de la route necessitant la mise en oeuvre de moyens 
specialises. 

Si l'on prend le critere du nombre de victimes, de tres graves 
catastrophes ne se sont jusqu'a present heureusement pas produites en 
Belgique ; par contre des catastrophes de moyenne ampleur (moins de 500 
morts) sont deja survenues : l'explosion chimique a Tessenderlo (1942-
190 morts), la catastrophes miniere a M~rcinelle (1956- 262 morts), 
l'incendie du grand magasin "Innovation" a Bruxelles (1967- 230 morts), 
l'explosion d'un camion-citerne a Martelange (1967- 21 morts), le drame 
du Heysel a Bruxelles (29 mai 1985- 39 morts), la catastrophe maritime du 
Herald of Free Enterprise a Zeebrugge (1987 - 189 morts) et une serie 
d'incendies dans des cinemas, ayant entraine des dizaines de victimes. 

Cependant, utiliser comme critere le nombre de victimes ou la somme 
de reclamations de dommages et interets, releve de l'arbitraire. 
Cataloguer une situation de cette fa~on, et faire executer un plan 
d'urgence sur cette base est tres precaire. 
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Le naufrage, en aoiit 1985, du "Mont-Louis", le bateau charge d'une 
matiere radioactive (uranium - hexafloride) est enregistre comme une 
catastrophe, bien qu' aucun mort n'ait ete deplore. Get exemple illustre, 
qu'en plus des facteurs objectifs, bien souvent, des facteurs subjectifs 
jouent un role, notamment dans la mesure ou l'opinion publique est 
troublee par l'evenement. 
Et ceci, a son tour, decoule, en grande partie, directement de l'attention 
que les medias portent a l'evenement. Pour ceux qui preparent les plans 
d'urgence, ceci constitue un element important 

1.2. Que comprend la planification d'urgence ? 

La lutte contre les catastrophes necessite souvent la mise en oeuvre 
simultanee de differents moyens de secours et de protection, tant de 
l'Etat, des pouvoirs locaux, que d'organismes prives et publics. La 
planification des actions de secours est des lors tres importante, et fait 
de plus en plus ressentir le besoin d'etablir des plans d'urgence, comme 
pour les risques nucleaires par exemple, ou des plans de secours, comme 
pour les risques chimiques ou les sauvetages en mer. 

Les plans d'urgence ou de secours fixent les procedures, et determi
nent les responsabilites pour que l'intervention des autorites publiques 
en cas de situations d'urgence se deroule rapidement et de maniere coor
donnee, de telle sorte que tous les moyens disponibles en personnel et en 
materiel puissent etre engages de la fa~on la plus efficace possible, en 
vue de la protection de la population et de l'environnement. 

Les plans d'urgence ou de secours comprennent : 

- l'alerte a grande echelle ; 
- l'intervention de diverses disciplines ; 

la coordination des operations les plus diverses (au niveau de la 
commune, de la province ou au niveau national) ; 
- la constitution d'un comite de coordination ou de crise ; 
- et le cas echeant, un centre d'information. 

En utilisant le terme "plan d'urgence" l'accent est mis sur 
!'organisation globale en tant que procedure, tandis que le terme "plan de 
secours" vise plutot le secours reel a la population sinistree. 

Hormis les catastrophes qui ne peuvent physiquement pas survenir en 
Belgique, comme par exemple les eruptions volcaniques, la population belge 
est susceptible d'etre confrontee a des situations d'urgence, qui sous une 
forme ou sous une autre, peuvent avoir a faire avec des : 

- catastrophes naturelles ; 
- catastrophes industrielles ou ecologiques 
-perturbations violentes de l'ordre public 
- actes de guerre. 

La planification d'urgence est orientee, par definition, vers le 
traitement curatif ; un plan d'urgence ne peut evidemment pas prevenir la 
catastrophe. Une bonne politique de securite suppose neanmoins que ledit 
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traitement soit lie de tres pres a l'aspect prevention; qui a primaute 
prevenir vaut toujours mieux que guerir ! 

2. Structuration de la planification belge, 

2.1. Delimitation des competences. 

L'organisation des secours en cas de situations de catastrophe est 
structuree a trois niveaux de competence la commune, la province et 
l'Etat central. 

L'accident d'une ampleur relativement reduite, pour lequel suffisent 
normalement des moyens locaux, est gere par le bourgmestre et son adminis
tration ; des que le sinistre prend une certaine ampleur, soit en gravite, 
soit en etendue geographique, le Gouverneur de province, et enfin le 
Ministre de l'Interieur, sont appeles, dans le cadre de la protection 
civile, a prendre certaines responsabilites. 

Organe competent AUTORITE 

national : 
Ministre de 
l'Interieur 

Gouverneur 

PLAN GENERAL D'URGENCE 

PLAN PROVINCIAL DE SECOURS PLAN PROVINCIAL 
DE SECOURS 

Bourgmestre PLAN COMMUNAL PLAN COMMUNAL PLAN COMMUNAL 

Chef de 
service 

PLAN PREALABLE D'INTERVENTION 

IHE CROIX-ROUGE SERVICES D'INCENDIE 

POLICE - GENDARMERIE SANTE PUBLIQUE 

PRIVE 

PLAN D'INTERVENTION 
D'ENTREPRISE 

L'elaboration de plans de secours s'est jusqu'a present principale
ment realisee sous l'impulsion du gouverneur de province, qui pouvait 
mieux que quiconque assumer le role de coordination d'un accident depas
sant les limites d'une commune. 

Ainsi : les plans provinciaux de secours pour les inondations, les 
accidents de chemin de fer, les accidents d'aeronefs, les accidents avec 
des pipe-lines, les accidents lors du transport de produits dangereux, les 
plans d'intervention medicale, les risques nucleaires, etc. 

Les communes ont ete incitees a etablir leur propre plan de secours 
qui deboucherait sur le plan provincial de secours. Pour certains risques 
specifiques, l'autorite nationale (par les soiris du departement de l'Inte
rieur) a fixe, soit un plan-type, par exemple pour les accidents de chemin 
de fer ou d'aeronefs, soit un plan general meme, par exemple pour les 
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marees de tempetes, les risques nucleaires, les situations d'urgence en 
Mer du Nord. 

Parallelement a la structure ainsi decrite, le schema global de 
planification comporte egalement une autre dimension : chaque discipline 
qui peut etre appelee a intervenir, a le soin de s'organiser operation
nellement pour pouvoir agir rapidement et de faGon appropriee : il s'agit 
des plans speciaux d'intervention de chaque discipline. 

Les plans d'intervention de l'entreprise doivent etre relies au plan 
prealable d'intervention du service d'incendie. 

2.2. Les services "operandi". 

L'efficacite d'un plan d'urgence ou de secours est fonction du degre 
de preparation des services d'intervention et de leur disponibilite quant 
aux moyens a mettre en oeuvre. D'ou l'importance de veiller 
continuellement a investir dans ces services, afin de pouvoir maintenir ou 
augmenter leur preparation. En Belgique, pour les services locaux impor
tants, comme les services d'incendie et la police, un systeme de 
subventions par l'Etat est etabli, pour leurs equipements et leur 
materiel. 

En general, tous les services "operandi" sont repartis fonction
nellement en 6 disciplines 

1° Le secours technique. 

Le service d'incendie a la coordination des secours proprement dits a sa 
charge (extinction des feux, sauvetage des victimes •••• ). 

2° L'aide medicale et sanitaire. 

L'inspecteur provincial d'hygiene, en collaboration avec la Croix-Rouge 
principalement et l'hopital local, est responsable de l'aide sanitaire et 
medicale, et de l'approvisionnement en alimentation, medicaments, vete
ments, etc., aux sinistres. 

3° Missions de "police". 

Le commissaire de police locale ou le commandant de la gendarmerie est 
responsable du maintien de l'ordre et de la regulation de la circulation. 

4° Travaux divers et aide logistique. 

Le chef de la Protection civile est charge de coordonner l'aide logis
tique, le transport et les divers travaux d'assistance. 

5° Enquete judiciaire. 

Le juge d'instruction est charge de l'enquete judiciaire d'une faGon 
autonome (principe de separation des pouvoirs). 
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6° Cellule d'information. 

Le Gouverneur de province ou le Ministre, ou leurs porte-paroles prea
lablement designes, donnent !'information et l'alerte ala population 
menacee. 

2.3. Coordination des operations. 

La conception quant aux plans d'urgence a toujours ete, soit de 
mettre aussi rapidement que possible les instances responsables en 
pre-alerte, soit, si necessaire, de les placer immediatement en situation 
d'alerte, et ensuite, en concertation coordonnee, sur base des evaluations 
de la situation d'accident, de prendre les mesures qui s'imposent. 
C'est ce qui explique que les plans n'ont pas prevu en detail les mesures 
a prendre, etant donne qu'elles varient, selon l'accident, d'un cas a 
l'autre. On a prevu essentiellement la maniere et la procedure d'alerte, 
l'appel des diverses disciplines et la description de leurs taches au sens 
general. 

En fonction de la gravite de la situation, le comite de coordination 
prend les mesures qui s'imposent ; pour le risque nucleaire par exemple, 
il s'agit principalement des mesures immediates pour la protection directe 
de la population menacee : le confinement, !'evacuation de la zone mena
cee, l'accueil des victimes et/ou des evacues, et la saturation de la 
glande thyroide par la prise de tablettes d'iode de potassium. 

De nombreux plans d'urgence prevoient un "phasage", une modulation 
des actions, et c'est la raison pour laquelle le schema d'avertissement 
retient generalement 3 ou 4 phases, d'apres le degre de gravite ou des 
moyens a l!lel:tre en oeuvre. Ce phasage ne signifie toutefois pas que les 
differentes etapes doivent etre parcourues une a une : si on se trouve 
immeciiatement face a une catastrophe de grande envergure, la phase 4 peut 
par exemple etre decretee directement. 

3 .• Gestion de crise nucleaire en Belgique. 

Les retombees de l'accident de Tchernobyl ont eu des effets inde
niables dans le domaine nucleaire en Belgique, et surtout sur ce qui 
concerne la methodologie de securite et la planification. Une des le~ons 
les plus importantes dans le domaine de la securite a ete !'elaboration 
d'un plan general d'urgence pour des risques nucleaires du 1er juin 1987, 
approuve par le Conseil des Ministres du 24 juillet 1987. 

Ceci etait en meme temps l'amorce d'une evaluation de la planifica
tion d'urgence dans sa globalite. La Belgique est-elle suffisamment 
preparee pour pouvoir gerer des crises decoulant des risques majeurs, 
chimiques (Bhopal) ou nucleaires (Tchernobyl) ? Cette question a 
preoccupe le monde politique belge pendant un certain temps, et la Chambre 
des Representants et le Senat ont constitue chacun des commissions d'en
quete, qui ont formule des recommandations remarquables. 
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3.1. L'accident nucleaire n'est pas une variante d'une catastrophe ordinaire. 

Avant Tchernobyl, l'idee etait que les plans de secours au niveau de 
la province etaient suffisants pour les risques nucleaires egalement. Les 
evenements d'apres-Tchernobyl ont toutefois fait comprendre au Gouverne
ment belge qu'un plan general integre aux niveaux communal, provincial et 
national s'imposait, en raison de : 

- la nature du risque : une situation d'urgence radiologique n'est pas un 
foyer d'incendie, qu'il faut eteindre en 5 minutes; mais a un caractere 
plutot evolutif, reparti dans le temps. Des lors, une evaluation 
approfondie du risque, par calcul et par mesure, est absolument 
necessaire ; 

- l'envergure des consequences : une evacuation eventuelle de dizaines de 
milliers de personnes et leur hebergement prend immediatement des propor
tions nationales ; une contamination possible de la chaine alimentaire ne 
se limite pas aux frontieres provinciales, ni nationales ; 

- les implications internationales : les systemes d'avertissement elabores 
au niveau international (AIEA, OCDE, C.E, •••• ) donnent automatiquement une 
dimension mondiale a un accident nucleaire. 

- la necessite d'une information uniforme a grande echelle ala population 
en cas d'accident nucleaire. 

Le plan general belge prevoit que le(s) gouverneur(s) de province 
est (sont) charge(s) de l'execution et de la coordination sur le terrain 
des mesures decidees par le Gouvernement (en comite de coordination 
restreint ou elargi, sous la presidence du Ministre de l'Interieur). 

3.2. Structure de responsabilite. 

Une urgence radiologique dans une installation nucleaire exige une 
approche integree, via le niveau local et provincial jusqu'au niveau 
national. Le cas echeant, le Gouvernement se devra d'agir sans delai par 
la mise en oeuvre d'un plan apres une evaluation approfondie du risque. 
Le Gouvernement assume la responsabilite politique des mesures a prendre 
pour proteger la population, la chaine alimentaire et la distribution 
d'eau potable, en cas d'urgence radiologique sur le territoire belge. 

Cependant, lors d'accidents d'une portee limitee ou en cas de 
necessite majeure, il importe au Gouverneur de la province concerne, en 
concertation avec le bourgmestre du lieu du sinistre, de prendre les 
mesures d'intervention et de protection conservatoires tant temporaires 
qu'urgentes, ce sur base d'un plan de secours operationnel au niveau 
provincial. 

Au sein du Gouvernement, il appartient au Ministre de l'Interieur, 
de par sa mission de coordination generale dans le cadre de la Protection 
civile, d'assurer cette coordination et de veiller ace que les mesures de 
protection scient prises. C'est en cette qualite que le Ministre de 
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l'Interieur preside un comite ministeriel ad hoc, convoque le cas echeant. 
Cela ne met pas en cause la prerogative du Premier Ministre a diriger 
l'action gouvernementale. Lorsque seuls l'environnement et la protection 
de l'eau potable et de la chaine alimentaire sont menaces, le Secretaire 
d'Etat ayant l'environnement dans ses attributions sera charge de 
coordonner l'intervention des autorites, conformement a la legislation sur 
les radiations ionisantes. 

3.3. Centre Gouvernemental de Coordination et de Crise. 

En vue de pouvoir garantir son action immediate, le Gouvernement 
dispose d'un Centre de Coordination et de Crise tenant un service de 
permanence 24 h. sur 24. La tache de ce centre de coordination et de 
crise consiste a avertir les membres concernes du Gouvernement, a convo
quer un staff de direction, et a mettre en etat d'alerte ou de prealerte 
les autorites, services et organismes d'execution, des l 1 instant ou se 
produit une urgence radiologique et que, suivant la nature et l'intensite, 
cette situation peut constituer un danger pour la population ou 1 1 environ
nement. 

Le staff de direction, dont la composition est determinee dans le 
plan d'urgence, a pour mission, d'une part, d'examiner les diverses 
repercussions des mesures proposees par les experts competents pour 
l'evaluation du risque, et de soumettre ces mesures a l'approbation du 
Gouvernement. La mise a execution des mesures ne se fera qu'apres deci
sion de celui-ci. Le staff de direction comprend egalement le 
porte-parole du Gouvernement, a qui l 1 on confie la mission, via les 
medias, d'informer la population de fa~on uniforme sur les mesures que le 
Gouvernement se propose de prendre. Le porte-parole s'occupera aussi de 
l'information aux instances internationales par les voies · 
conventionnelles, en accord avec les Relations Exterieures. 

Le staff de direction se fait assister : 

- d'une cellule d'evaluation qui est responsable des previsions de la 
situation, de la determination des besoins de mesure, et des propositions 
a faire au staff de direction sur base de sa propre evaluation technique 

- d'une cellule de mesure qui est responsable de l'organisation, du 
rassemblement et du stockage des mesures realisees sur l'ensemble du 
territoire ; elle met, a la disposition de qui de droit, les resultats des 
mesures resultant de ses propres observations ou provenant de l'etranger. 

3.4. Obligation de notification. 

L'exploitant d'une installation nucleaire belge ou le transporteur 
de substances fissibles, d'isotopes ou de dechets radioactifs, est oblige 
de porter immediatement a la connaissance des autorites, toute urgence 
radiologique qui se declare sur le territoire belge. Le message doit 
contenir suffisamment de renseignements techniques pour evaluer l'ampleur 
de l'accident et de permettre, s'il le faut, de prendre d'urgence les 
mesures de protection. 

- 134 -



Outre le respect des procedures de communication reglementaire, 
l'exploitant d'une installation nucleaire belge est tenu d'informer sans 
delai le Centre Gouvernemental de Coordination et de Crise. 

Afin d'avoir toutes les garanties necessaires d'une notification 
rapide, 3 niveaux de communication ont ete determines avec les exploitants 
des installations nucleaires en Belgique, chacun appelant une reaction 
appropriee de l'autorite : 

ler niveau ("UNUSUAL EVENT") 

toutes situations ou il est utile d'informer l'autorite publique meme si 
rien ne laisse prevoir un danger, ni pour les travailleurs, ni pour la 
population. 

2eme niveau ("SITE EMERGENCY") 

accident eventuellement porteur de danger pour les travailleurs a l'inte
rieur de l'installation, sans risque immediat pour la population. Le plan 
interne d'intervention de l'installation est declenche. 

3eme niveau ('GENERAL EMERGENCY") 

danger reel pour la population exterieure a l'installation. Les installa
tions nucleaires communiquent chaque fois l'etat de la situation au Centre 
Gouvernemental de Coordination et de Crise. Elles joignent a leur commu
nication une proposition quant a la categorie des mesures a adopter par 
les autorites competentes. 

Lorsque survient une urgence radiologique a l'etranger avec des 
consequences possibles pour la population belge, le Centre Gouvernemental 
de Coordination et de Crise en est informe dans le cadre des accords 
internationaux concernes. Au cas ou les communications officielles ne 
devraient pas fonctionner normalement, ce centre est a meme de prendre des 
dispositions de sa propre initiative, et ce apres avoir ete averti par 
d'autres sources de communication (telles que le reseau de detection par 
mesure ou le Departement des Affaires Etrangeres). 

De son cote, le comite de coordination et de crise, au niveau 
gouvernemental, a l'obligation, par l'entremise du Ministre de l'Inte
rieur, de signaler l'urgence radiologique a l'Agence Internationale pour 
l'Energie Atomique a Vienne, sur base du traite relatif a la notification 
rapide d'un accident nucleaire, (traite signe a Vienne le 26 septembre 
1986), ainsi qu'aux Etats avec lesquels la Belgique a conclu un accord de 
notification des urgences radiologiques en cas de catastrophe. 

Le cas echeant, il appartient au comite ministeriel de coordination 
et de crise de faire appel a l'assistance des pays avec lesquels la 
Belgique est liee par une convention d'assistance en cas d'accident 
nucleaire ou de calamite causee par des matieres radioactives. 
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3.5. Zones de planification et niveaux de reference. 

A. En ce qui concerne les mesures visant a proteger la population, une 
zone de planification de 10 km auteur de la source de rejet de !'installa
tion nucleaire est etablie. Les mesures de protection peuvent etre le 
confinement, la distribution de tablettes d'iode et leur ingestion par la 
population de la zone contaminee, et !'evacuation, avec ce que cela 
entraine pour le maintien de l'ordre et la decontamination. Dans cette 
zone de planification, les mesures de protection prises par les autorites 
doivent permettre d'appliquer immediatement et efficacement les mesures de 
protection de la population menacee. Sur base de !'evaluation, par calcul 
et par mesure, de !'accident meme, les mesures de protection peuvent au 
besoin etre etendues a d'autres zones qu'il faudra determiner a ce moment. 

B. En raison de l'etendue de la zone potentielle d'influence et des 
contraintes d'organisation, la zone de planification est assimilee a 
l'ensemble du territoire belge, lorsqu'il s'agit de mesures de protection 
de la chaine alimentaire et de la distribution d'eau potable. 

C. En cas d'irradiation en Belgique, les niveaux de reference dans des 
situations d'urgence, proposes par la Commission de la Communaute euro
peenne dans un document de juillet 1982, serviront de base a !'entree en 
vigueur des mesures de protection de la population. Ils seront adoptes en 
fonction de !'evolution eventuelle des normes communautaires en la 
matiere. 
Dans le but de maintenir, au niveau le plus bas possible, les consequences 
de la contamination de l'air sur le plan de !'exposition de la population 
par ingestion, le niveau de reference de 0,01 sivert ou de 1 rem comme 
dose a la glande thyroide, est le niveau minimum pour envisager des 
mesures de protection. Les niveaux de tolerance, en cas de contamination 
des produits alimentaires due a l'iode 131 et le cesium 137, sent ceux 
fixes par la Commission europeenne. 

3.6. Information de la population, centre d'information. 

L'information de la population est certainement un des points les 
plus delicats des plans d'urgence. Elle a ete trop peu developpee jusqu'a 
present, mais a l'avenir, l'autorite devra accomplir de gros efforts dans 
ce domaine, notamment parce que la legislation dite SEVESO (loi belge du 
21 janvier 1987) en impose, en !'occurrence, !'obligation au Ministre de 
l'Interieur (article 7, § 2 de la loi). 

Ainsi que le note Patrick Lagadec dans son livre "Etats d'urgence" 
(1), c'est souvent ici que le bat blesse, et pas tellement dans le domaine 
des operations memes. 

Dans un sens general, la population doit recevoir une information 
davantage preventive sur les risques naturels et technologiques et la 
reglementation d'urgence, pour permettre aux citoyens de mieux apprecier 
les risques inherents a une societe en progres technologique, de mieux 
participer aux actions conjointes de prevention, et de mieux adapter leur 
comportement pour reagir de maniere adequate lors de situations d'urgence. 

(1) P. LAGADEC, Etats d'urgence, Defaillances technologiques et destabilisation 
sociale, Seuil, Paris, 1988. 

- 136 -

+------------- ----------



En plus de cette information "in tempore non suspecto", l'autorite 
doit etre en mesure de diffuser l'information adequate durant le deroule
ment de la catastrophe meme (l'information dite "immediatement dispo
nible"). 

Lorsqu'une urgence radiologique se manifeste sur le territoire belge 
ou qu'elle risque de se produire, il appartient au Gouvernement d'en 
informer la population via les medias. 11 exerce cette responsabilite par 
l'entremise d'un porte-parole qui est designe au sein du comite 
ministeriel de coordination et de crise et qui fait partie du staff de 
direction. 
Les communications gouvernementales en tant que telles, doivent etre 
clairement reconnaissables pour le public. Les communications au niveau 
provincial et local, applicables a la zone eventuellement menacee, 
pourront faire l'objet d'un effort complementaire par le Gouverneur de la 
province et par le bourgmestre territorialement competentG. 

Des accords ont ete pris avec les chaines officielles BRT et RTBF 
en vue de permettre la diffusion des communiques officiels. 

Bien que l'autorite et les medias poursuivent des objectifs diffe
rents, qu'ils presentent une structure distincte de responsabilites et que 
les moyens disponibles sont tres differents, l'autorite n'en doit pas 
moins associer activeiT.ent, par la conclusion d' un "partnership", les 
medias a la planification d'urgence. Une politique d'information efficace 
peut mettre sur la bonne voie la libre collecte d'informations, qui se 
developpera spontanement. 

A cette fin, il est, certainement dans de graves circonstances de 
crise, necessaire d'installer un centre d'information, d'ou sont, a inter
valles reguliers, fournis des renseignements au sujet de la suite des 
evenements. 

Cela permettra 

- de definir clairement qui est competent pour faire des declarations 
bourgmestre - gouverneur - ministre ou leur porte-parole 

- de reagir vite et efficacement par une premiere declaration : ce qui 
evitera le vacuum d'information et le deraillement d~ recueil spontane 
d'informations 

- de maintenir une continuite dans l'information, ce qui pourrait empecher 
que des milliers de personnes commencent elles-memes a telephoner 

- de donner suffisamment d'information sur le fond pour permettre aux gens 
d'evaluer leur propre risque et d'oter les doutes sur le caractere grave 
ou non de la situation 

- de se preparer a des reactions possibles de la population sinistree ou 
menacee : souvent, plutot de l'incredulite que de la panique, l'afflux des 
curieux, etc. 

- 137 -

+----------- --- ------



Nonobstant la possibilite de chaque Ministre, !'information de la 
population au moment meme de !'accident devra se faire autant que possible 
par des porte-paroles, qui ont eu une formation en la matiere. L'informa
tion de l'autorite par des porte-paroles entraines a l'avantage de se 
distinguer de !'information politique. 

Le plan d'information, qui a ete concu en concertation avec les 
medias, a comme objectif principal de faire en sorte que !'information de 
l'autorite publique se distingue des autres informations, en sachant que 
le journalisme critique ne peut etre evite ! 

4. Considerations finales. 

L'attention que nos responsables politiques veulent accorder aux 
plans d'urgence, est fonction (variable) de l'evenement du moment, dans la 
mesure ou !'opinion publique (et la presse) a ete troublee. Des catastro
phes comme le "Herald of Free Enterprise", "Tchernobyl", l'incendie de 
"!'Innovation" ont donne lieu a quelques ameliorations des equipements des 
services, mais il est souvent regrettable qu'apres, la source d'energie 
soit vite eteinte, et que la realisation des projets visant a ameliorer la 
securite du citoyen, se fasse attendre, parfois longuement. 

En Belgique, les services de securite et de secours sent generale
ment bien equipes pour executer les missions classiques d'une facon 
efficace. Mais au cours de ces dernieres annees, nous avons ete 
confrontes, de plus en plus, a des accidents ou incidents ecologiques, qui 
menacent l'environnement et le citoyen : des situations d'accident sans 
incendie, ni explosion, mais avec emission de matieres toxiques ou 
polluantes. Cependant, cette nouvelle forme d'insecurite ne respecte 
malheureusement pas les frontieres nationales, et des lors, des ententes 
internationales sent de plus en plus souhaitables. Ainsi, la creation 
d'une centrale pour les catastrophes ecologiques proposee par le PNUE 
(Programme des Nations Unies pour l'Environnement), me semble suivre la 
benne direction ; de meme que les initiatives prises par la C.E. 
actuellement pour constituer une Protection Civile europeenne, dans le 
cadre de l'Eurcpe des Citoyens. Ce projet vise a instaurer un reseau de 
correspondance entre experts, et de materiel pouvant etre mis en oeuvre en 
cas de catastrophes importantes. Les banques de donnees en matiere de 
protection civile de differents pays sont en train d'etre interconnectees. 
Un numero d'appel unifie europeen pour des situations d'urgence est mis en 
projet. Enfin, l'on peut acclamer la commission pour la campagne 
d'information qu'elle lancera pour sensibiliser le citoyen europeen et les 
milieux professionnels aux problemes de securite. 
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A COMPUTER MODEL FOR THE ASSESSMENT OF THE ENVIRONMENTAL CONSEQUENCES 
OF RADIOACTIVE RELEASES 

P. Walthoff 
Doel Nuclear Power Site EBES N.V. 

Belgium 

ABSTRACT 

The paper concerns the development of a personal computer assisted system 
for the management of environmental impact in case of an emergency at the 
nuclear site of Doel. 
The system runs on a P.C.-IBM-AT and uses up-to-date auxiliary software 
to manage its input, output and data storage. 
The most specific items of the system are the abilities : 
- to handle all data available to the emergency team : meteorology, 

releases, environmental monitoring; 
- to follow the accident sequence over an extended period, allowing 

"what if" - .exercises" parallel to the bookkeeping of data and 
prediction of doses due to real releases; 

- to give guidance to the environmental monitoring program; 
to handle the specific monitoring data and conditions, as read on 
the instruments and as reported by the survey team; 

- to manage the model parameters in a programmed way; 
- to run an automatic testprocedure. 
The paper will describe the system and put emphasis on the specific 
features introduced to make the system more users friendly. 
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MODELE INFORMATIOUE RELATIF A L'EVALUATION DES CONSEQUENCES 
DES REJETS RADIOACTIFS SUR L'ENVIRONNEMENT 

P. Yalthoff 
Centrale nucleaire de Doel EBES N.V. 

Belgique 

RESUME 

Cette communication a trait a la mise au point d'un systeme de gestion 
assistee par ordinateur personnel des incidences sur l'environnement en cas 
d'urgence sur le site nucleaire de Doel. 

Ce systeme est exploite a l'aide d'un ordinateur personnel IBM-AT et 
utilise un logiciel auxiliaire moderne pour gerer les entrees et les sorties 
de donnees ainsi que les donnees en memoire. 

Ce systeme se caracterise en particulier par son aptitude a effectuer 
les operations suivantes 

Traiter toutes les donnees dont dispose l'equipe d'intervention 
meteorologie, rejets, surveillance de l'environnement ; 

Suivre la sequence d'accident pendant une periode prolongee, en per
mettant la simulation de situations hypothetiques parallelement a la 
comptabilite des donnees et a la prevision des doses dues a des 
rejets reels ; 

Donner des indications au programme de surveillance de l'environne
ment ; 

Traiter les donnees et conditions de surveillance specifiques, 
telles qu'elles sont indiquees par les instruments et communiquees 
par l'equipe de surveillance ; 

Gerer les parametres du modele en mode programme 

Utiliser une procedure d'essai automatique. 

La presente communication decrit ce systeme et met l'accent sur les 
caracteristiques particulieres dont on l'a dote pour le rendre plus convivial. 
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The emergency assessment programs of the nuclear plant Kerncentrale Doel 

are organically structured to make it possible, in case of an incident with 

radioactive emission to the environment, to take efficiently and rapidly 

decisions. It is also a training- and learning tool to be optimally 

prepared for such an event. 

With a bigaussian dispersion model different doses and dose rates are 

calculated in an array of fixed points around the emission source, giving 

rise to a list of relevant monitoring points. A program asks for the 

results of the in-field monitoring data, and stores them in an organized 

file. 

A program controlled standard test controls the operationality of the 

model, and serves as demonstration tool in training sessions. 

The bigaussian dispersion model is a multi-puff model. The separation in 

"clouds" normally takes place after 15-30 minutes, or in case of a 

discontinuity of the meteo or the emission. 

In principle the number of clouds is unlimited, and are treated 

consecutively with the meteo of the last introduced cloud. The doses in the 

standard points are stored in a standard file, except when the cloud is 

marked as a "forecast". In this case the results are neutralized when the 

next cloud is introduced. 

The input data and the results of the calculations are printed 

automatically. On demand iso-dose lines or iso-dose rate lines are plotted 

for chosen emergency reference levels. The scales of the plots are 

optimized to fit on standard maps. 

The input of the in-field monitoring data is controlled by the program. 

During the data input contamination and dose levels are calculated and 

reported on screen. A code, defining unambiguously the kind of sample and 

the measuring method, is generated, and compared with the one generated 

during the monitoring. 

The results are stored in an organized file, from which selective lists of 

results can be generated. 
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In the foregoing programs a number of eventually changing parameters are 

used , such as 

possible emission points 

emergency reference levels 

calibration factor of measuring devices 

fixed monitoring places in the environment. 

The adaption can be done with a separated program, after introducing a 

password. 

The test program has a "learn"· and a "test" phase. During the learn phase 

the program is normally executed. During the test phase the executed 

program runs again with the same input data. The graphical and numeric 

results can then be compared to a standard. 

The automatically calculated doses in standard points are : 

the dose by radiation from the clouds, composed of the photonradiation 

dose from the finite cloud and the electron radiation dose in the half 

infinite cloud. The correction of the dose from a half infinite cloud to 

a finite cloud is as described by D.H. Slade ; 

the inhalation dose for I-131 : the integrated thyroid dose for a very 

young child ; 

the inhalation of aerosols : the skeleton dose integrated over SO years 

for a very yound child by uptake of Cs-137 

the ingestion dose for I-131 : the integrated thyroid dose for a very 

young child caused by consumption of milk exclusively from the 

contaminated zone ; 

the dose for ingestion of aerosols : the skeleton dose integrated over 

SO years for a very young child caused by the consumption of milk 

exclusively from the contaminated zone. 

The calculated dose rates are : 

dose rate by ground shine after deposition of I-131 and Cs-137 for wet 

or dry surface, in function of height and vegetation 

dose rate by cloud shine for -photons from a finite cloud and for 

electrons by immersion in a half infinite cloud ; 

thyroid dose rate : integrated dose for a very young child by inhalation 

of l-131, in function of the resident time in the cloud. 
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DOSE CALCULATIONS 

CLOUD SHINE 
Photon dose by finite cloud shine 
+ electron dose by immersion in 
half infinite cloud. 

INHALATION IODINE 
Integrated thyroid dose for very young child. 

INHALATION AEROSOLS 
Skeleton dose integrated over 50 years for very 
young child by uptake of Cs-137. 

INGESTION IODINE 
Integrated thyroid dose for very young child 
caused by consumption of milk exclusively 
from the contaminated zone. 

INGESTION AEROSOLS 
Skeleton dose integrated over 50 years for very 
young child caused by consumption of milk 
exclusively from the contaminated zone. 

SCK/CEN 

DOSE RATES 

GROUND SHINE 
Dose rate after deposition of 1-131 and Cs-137 
for wet or dry surface, in function of height 
and vegetation. 

CLOUD SHINE 
Dose rate for photons from finite cloud 
+ dose rate for electrons by immersion 
in half infinite cloud. 

TOTAL EXTERNAL RADIATION 
Dose rate by ground shine + dose rate 
by cloud shine. 

THYROID 
Integrated thyroid dose for very young child 
by inhalation of 1-131 in function of resident 
time in the cloud. 
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RADIATION MONITORING IN SVITZERLAND IN THE CASE OF A MAJOR NUCLEAR ACCIDENT: 
MEANS AND STRATEGY 

P. Honegger 
National Emergency Operation Centre 

ZUrich, Switzerland 

ABSTRACT 

The Swiss Radiation Emergency Organization, constituted in 1964 by the Federal 
Council, has to monitor the extent and development of any dangerously increased radio
activity and to propose to the Federal Council the appropriate measures for the protection 
of the population. In the case of great urgency, the organization has to alert directly the 
population and to recommend the appropriate protective measures. 

During the past years the Radiation Emergency Organization has continuously 
developed its emergency response strategy. Part of this is the monitoring which has to assure 
the detection of an emergency situation and the control of the different exposure pathways 
in the early phase, the intermediate and the long term phase of a contamination. 

In the first part of this document the organisation, its parts and obligations, is ex
plained briefly. In the second part the monitoring strategy is explained and the monitoring 
networks used in the different situations are described. 

LA SURVEILLANCE DES RAYONNEHENTS EN SUISSE EN CAS D' ACCIDENT NUCLEAIRE MAJEUR 
MOYENS ET STRATEGIES 

RESUME 

L'Organisation suisse d'intervention en cas d'augmentation de la radio
activite a ete constituee par le Conseil Federal en 1964. Elle doit pouvoir en 
tout temps, lors d'une augmentation dangereuse de la radioactivite, quelle que 
soit son origine, en controler !'extension et le developpement dans tout le 
pays et proposer au Conseil Federal les mesures qu'il convient de prendre pour 
la protection de la population. En cas de danger immediat, cette organisation 
doit directement alerter la population et lui recommander les mesures 
appropriees. 

Ces dernieres annees, !'Organisation suisse d'intervention s'est cons
tamment employee a developper sa strategie d'intervention en cas d'urgence. 
Cette strategie reside notamment dans la surveillance qui doit assurer la de
tection d'une situation d'urgence et le controle des differentes voies d'expo
sition pendant la premiere phase, ainsi que le controle de la contamination 
pendant la phase intermediaire et a long terme. 

La premiere partie de cette communication decrit brievement !'organisa
tion en question, ses elements et ses taches. La deuxieme partie contient des 
explications sur la strategie de surveillance et une description des reseaux 
de surveillance utilises dans les differentes situations. 
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1. INTRODUCTION 

Planning for the protection of the public in the case of accidental releases of 
radioactive materials into the environment has quite a long history in Switzerland. Con
cerned by the effects of the atmospheric nuclear test explosions during the early fifties, the 
Federal Council constituted in 1956 the "Federal Commission for the Surveillance of the Ra
dioactivity". One of its tasks was the planning and implementation of protective measures in 
the case of irradiation risks due to accidental nuclear weapons explosions. In preparing for 
the job, the commission soon realized, that they had neither the proper organizational, nor 
the technical means. To solve this problem, the Swiss Radiation Emergency Organization 
(BOG) was constituted in 1964, receiving the following charge: It has to monitor the extent 
and development of any dangerously increased radioactivity and to propose to the Federal 
Council the appropriate measures for the protection of the population. In the case of great 
urgency, the organization has to recommend the protective measures directly to the population. 

During the past years the Radiation Emergency Organization has continuosly 
developed its emergency response strategy: Until 1977 the scope of the preparations was 
mainly the contamination from nuclear weapons accidents. Since then, planning for NPP
accidents received the same or even higher significance. Further planning areas were 
accidents in other nuclear installations, crashes of nuclear powered satellites and accidents 
with radioactive sources in the industry. The strategy, which has been adopted by the 
Federal Commission of Atomic and ,Chemical Protection (COMAC) in the year 1982 [1], 
consists of a four phased action plan and of a set of emergency reference levels with the 
assigend counter-measures (Tab. 1) for the external and internal exposure pathways. 

A: Reference levels for the external pathway 

predicted dose countermeasure 

< 10mSv 

10-100mSv 

100-250mSv 

>250mSv 

---------------------
none, respectively withdrawal 

closing windows, staying indoors 
except for urgent activities 

sheltering except for emergency 
situations 

sheltering; evacuations will be car
ried out only if a reduction of at 
least 1 OOmSv (based on measu
rements) can be achieved 

The goal of the external reference-levels is to limit 
irradiation of individuals to 50 mSv. 

B. Reference levels for the internal pathway 

predicted dose countermeasure 

< 5mSv 

> 5mSv 

----------------------
none, respectively withdrawal 

suspending ail fresh food as e.g. 
milk, vegetables, fruits, meat etc.; 
using only emergency provisions 
(e.g. preserved food, milk-powder 
etc.). 
The decisions about relaxation or 
withdrawal of the countermea
sures for the different foodstuffs 
will be taken after determination of 
the activity concentrations and 
calculation of their individual con
tributions to the total dose. 

Table 1: The system of the swiss emergency reference levels and appropriate countermeasure for NPP
accidents and nuclear weapons fallout in times of peace. 

2. ORGANIZATION 

The present structure of the Radiation Emergency Organization (Fig. 1) is based on 
the lessons learnt from internal exercises and the Chernobyl Accident. The obligations of its 
different parts in the event of an accidental release of radioactive materials into the envi
ronment are as follows: 
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The Leading Commission is the board of directors of the different federal offices 
concerned with the implementation of protective measures, e.g. the offices for public health, 
civil protection, agriculture etc. Chairman and overall emergency director is the Secretary 
General of the Department of Interior Affairs. The Commission has to manage the con
sequences of a nuclear accident. It judges the overall situation of the country (psychological, 
economical, interactions with foreign countries etc) with respect to the radiological effects 
and has to propose to the Federal Council the measures best suited for the protection of the 
population. After approval it has to further supervise their implementation. 

The Radiological Health Care Staff has to judge the protective measures proposed 
by the National Emergency Operations Centre with respect to health impacts of the 
radiological situation and elaborates corresponding recommendations for the Leading 
Commission. It supports the Federal Information Centre with radiological health scientists 
for the information of the mass media and for the public information-phone. 

I FEDERAL COUNCIL! 

. t 
CANTONS' 

................................ ............................................................ ...................... 

LEADING COMMISSION ~ FEDERAL z 
INFORMATION H-- 0 t CENTRE -

RADIOLOGICAL HEALTH <C ~ CARE STAFF ------------------- -- iQ ~ w .....II 

r ::::!!: :::,:) 
a.. 

------------------- -- 0 NATIONAL EMERGENCY a.. OPERATION CENTRE (NAZ) 

I 
EMERGENCY DUTY 

I 
MONITORING 

OFFICER ORGANISATION 

+ 
NATIONAL FOCAL POINT 

·----~ 
in urgent 
situations 

~ ..................... ··················· ................................................................................ . 
.Eig,_j_: The Structure of the Radiological Emergency Organization 

The National Emergency Operation Centre (Nationale Alarmzentrale, NAZ) is the 
technical support centre of the whole organization. It collects all relevant information about 
the nuclear accident, evaluates the possible risks, warns the authorities and alarms the 
population in the event of an accidental release of radioactive materials into the 
environment. The NAZ has to manage the measurement of the external exposure rate and 
to organize the collection of foodstuffs and environmental samples and their measurement. 
It also elaborates proposals for protective measures ap.d supporting documents for the 
decision-making of the Radiological Health Care Staff and the Leading Commission. By 
order of the superior office or in an urgent situation in its own competence, the NAZ is 
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responsible for the triggering of the sirens and the dissemination of instructions concerning 
protective measures for the population through the national broadcast service. 

A 24-hour day by day readiness of the NAZ is ensured by an emergency duty officer 
which can be mobilized by phone through the National Focal Point within a quarter of an 
hour in the case of an increasing environmental radioactivity level or a nuclear accident. He 
has to judge the first messages received by the focal point, to give the focal point orders to 
mobilize the whole organization, to warn the different federal and regional authorities 
(Cantons) and in a case of great urgency even to warn the population directly. 

The National Focal Point has to be able to receive domestic or foreign information 
about an increasing environmental radiation level or a nuclear accident at all times and to 
mobilize the Emergency Duty Officer within fifteen minutes. On behalf of him it has to exe
cute forthwith the different actions listed on situation-dependent checklists, especially to 
disseminate the warning messages prepared in advance and to mobilize the Radiation 
Emergency organization. The function of the focal point is exercised by the Swiss Meteoro
logical Institute. 

The Monitoring Organization for the external and internal contamination contains 
two permanent working networks with alarm functions for the monitoring of the 
environmental radiation level. Supplementary networks for the measurement of a radioac
tive contamination and a laboratory organization for the monitoring of the activity concen
tration in the food and the environment can be mobilized in an emergency situation. The 

0 NADAM Stations 
£:,. NADAM Stations on mountains 

-$- FWP Stations -+- FWP Stations on mountains 

o--

Fig. 2: The Network for 8utomatic Qose-rate 81arming and .Monitoring, NADAM, a system for the monitoring of 
the external exposure rate and the Early Monitoring Stations (ErUh]ttarnnosten, FWP) for the monitoring of air
borne activity. 
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two networks with alarm functions (Fig. 2) are the Network for Automatic Dose-rate Alar
ming and Monitoring, NADAM [2] [3], a system for the monitoring of the external exposure 
rate and an air monitoring network, called FWP (Friihwarnposten), for the monitoring of 
airborne activity. 

The Federal Information Centre is the communication centre between the federal 
council and regional authorities (Cantons). It has to inform them about approved protective 
measures and to collect information about the non-radiological situation. It is also the 
coordination centre for the information of the mass media and organizes and operates a 
public information-phone. 

3. MONITORING STRATEGY 

3.1 Basic Principals 

Switzerland (Fig. 3) has an area of about 41'000 km2. Its dimensions are about 
200 km from north to south and about 350 km from west to east. The topography is 
characterized by the alps with mountains up to 4500 m and some big valleys in between, 
covering together about 50% of the country. The alps split Switzerland into a southern, 
prealpine part, and northern part with a prealpine region. Between both parts only few 
traffic connections exist, which are available the whole year, e.g. the railway-tunnels of 
St.Gotthard and Simplon and the St. Gotthard and San Bernardino road-tunnels. Along the 
northern boarder are the jura mountains, a hilly-region up to 1600 m above sealevel. For this 
situation a monitoring strategy had to be developed for: 

- The detection of an emergency situation; 
- The early phase of the contamination (about the first two days); 
- The intermediate and long term of the contamination. 

111111alps 
188 pre alpine 
ojura 

Fig. 3: The topographic structure of Switzerland 
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3.2 Detection of an Emergency Situation 

At all times the National Emergency Operation Centre must be aware of any signifi
cant increase of the environmental radioactivity level from a known or unknown nuclear 
incident. It is fundamental to detect such an event as early as possible and to perceive its 
probable dimensions. With the radiation monitoring networks a significant increase of the 
environmental radiation level is signaled immediately. This is done with monitoring of 
airborne activity and environmental exposure rate. 

3.2.1 Air monitoring 
Air monitoring is a very sensitive system for early warning purposes, a method also 

recommended by the WHO [7]. The network, called Early Monitoring Stations (Eriih: 
Yl':arnJ;2osten, FWP), measures gross beta activity and should detect any airborne radioactivity 
coming from outside the country. The air sampling is done with a one-week step. If the 
threshold of 2.7xl03Bq (equals 2.8Bqjm3 with 40m3 air/h) is exeeded a local activity
warning will be released which has to be reported by the local operator immediately to the 
National Focal Point by phone. For nuclide-specific measurements the sampling-strips are 
then sent to the laboratory. The results from there are available within a delay of about 24 
hours. The FWP network consists of nine monitoring stations, six near the national boundary 
and three inside the country (Fig. 2). Two of the stations are at high altitude (about 2500m 
and 3500m). The sites of the stations were chosen with regard to topographical and me
teorological considerations. 

The network exists since about 20 years. It has to be replaced within the next five 
years. The new instruments (prototype-testing has begun) will have Radon-compensation. 
The network also will be changed to centralized data-collection and evaluation. At the same 
time it is planned to increase the number of stations and to displace all those stations to 
places where automatic exposure rate measurements are carried out, where it is not yet the 
case. The installation of one or maybe two nuclide-specific instruments is also in discussion. 
The first instrument will be placed on the northern side of the Alps the second on the 
southern side. 

3.2.2 External Exposure Rate Monitoring 
Measurement of the external exposure rate is a quite a good way to detect any 

significant radioactive contamination resulting from deposition. For the spatial monitoring 
of Switzerland the Network for Automatic Dose-rate Alarming and Monitoring, called 
NADAM, has been designed with the following objectives: 

- To signal a significant deviation of the environmental exposure rate from the natu
ral background; 

- To immediately alert the National Focal Point if a selectable threshold is exeeded; 
- To enable the National Emergency Operation Centre to distinguish between the na-

tural variation of the environmental radiation level and an artificial increase; 
- To monitor spatialy the environmental radiation levels over the whole country in 

the case of a nuclear accident or incident with release of airborne radioactivity. 

The network is based on the automatic weather monitoring network ANETZ [5] of 
the Swiss Meteorological Institute. The disadvantage of this solution is, that only a selection 
among the ANETZ-stations to be equipped with NADAM-sensors could be made and not 
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the place of a station itself. The advantage is the possibility to correlate the exposure rate re
sults with meteorological parameters measured at the same site (e.g. precipitation etc). 

The selection of the NADAM-stations was done with regard to the inhabited areas, 
the local topography and population density. Today 51 of the 67 ANETZ-stations are equip
ped with NADAM-sensors (Geiger-Muller-counters). They have a range from 50 nSv/h to 
50 mSv /h. The alarm threshold can be set in the data-collecting computer and is at present 
set to 1 p.Sv /h. 

The environmental exposure rate values and different meteorological parameters 
(e.g. air and soil temperature, wind-speed and direction, amount of precipitation) are collec
ted every 10 minutes through a fixed telecommunication network by the central data collec
ting computer. There the values undergo a quality and threshold check. 

The radiation incident at the NPP Miihleberg in september 1986 has shown a severe 
lack in monitoring. To cover it a monitoring network (MAD UK) for the emergency planning 
zone 1 of the NPP's is planned by the Nuclear Safety Inspectorate [6]. It shall meet the 
following requirements: 

- Verify the normal operating conditions of the NPP (observance of the emission 
prescriptions by the NPP-operator); 

- Monitor slight increases of the environmental exposure rate in the case of an inci
dent (detection of not regular emissions); 

- Support the NAZ in its monitoring task in the case of a severe accident. 

From the above functions the following criteria for the site selecting of MADUK
stations has been derived: 

To fulfill the requirements for the monitoring of the normal operating conditions 
and for incidents the critical immission-points have to be considered for all weather-conditi
ons with respect to their frequency and to the wind-directions. This part of monitoring will 
be done with an area-covering method: eight MADUK-stations will be placed on a circle of 
about 2000 m diameter around the NPP, each covering a sector of about 30-40 degrees. 

For the emergency situation in each community (political unit) at least one 
MADUK-station has to be placed, population-density has to be considered in a appropriate 
manner. 

3.2.3 Emergency Monitoring 
For the National Emergency Operation Centre the term "monitoring" stands not 

only for collecting and evaluating data about the radioactive contamination but also for the 
emergency monitoring itself, e.g. the collection and evaluation of all relevant information 
about a nuclear accident at any time. Sufficient and unambiguous information has to be 
collected about it. To do this, the NAZ has at its disposal a manifold set of national and 
international information networks. 

The emergency monitoring in NPP'S on the national level is based upon the repor
ting guideline [7] of the Nuclear Safety Inspectorate. It contains four different reporting 
levels corresponding to the violation of technical specifications [8]. Safety-relevant incidents 
have to be reported by the NPP's immediate to the emergency duty officer of the Nuclear 
Safety Inspectorate which itself has to report them immediately through the National Focal 
Point to the NAZ-Emergency duty officer. Nuclear incidents with other origins are reported 
through the regional police headquarters to the National Focal Point. 
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The emergency monitoring on the international level relies on both bilateral agree
ments [9] (e.g.with the Federal Republic of Germany and France) and the early warning 
convention. 

3.3 Radiation Monitoring during the Early Phase of a Contamination 

The principal exposure pathway at the beginning of the early phase is the whole
body external exposure, first from the plume and afterward from radioactive contamination 
resulting from deposition. Depending on the released nucliedes and the vegetation period 
there is also a risk for the intake of contaminated agricultural products. The NAZ therefore 
has to monitor in this phase both, the external and the internal exposure pathways. 
Inhalation is usually (but not always) the least important of the potential exposure pathway. 
There are also no countermeasures available, execpt sheltering and thyroid blocking, which 
will be implemented against the more severe external and internal risks. Therefore air 
monitoring (FWP network) is done with less expense than measurement of external dose 
rate or monitoring of the ingestion pathway. 

3.3.1 The External Pathway 
Monitoring the external pathway means to control the contamination of large areas. 

Measuring the external rate is a quick and very effective method to do this. Additional infor
mation is required about the nuclide-specific contamination of the soil. Together with known 
transfer-factors this will provide predictions about the subsequent contamination of food and 
fodder. 

The exposure rate monitoring will be done on different scales, in frequency and spa
tial resolution. 

The 51 NADAM-stations scattered over the whole country are the basic network, 
measuring with high accuracy every 10 minutes. Besides NADAM the NAZ has at its dispo
sal additional monitoring capabilities for this task, which can be engaged in emergency situa
tions. 

The first complementary network consists of about 110 Atomic Warning £osts, 
called A WP (AtomY{arn12osten, Fig. 4). They are operated by local police stations. During 
the firstdays, they measure in a rhythm of two hours, later on in the morning and the 
evening. The results are transmitted through a telex-network to the NAZ. 

The other completion is mobile monitoring with cars (about 10) and a helicopter for 
the areas between the fixed NADAM and A WP stations. The helicopter is used for regions 
not easy to reach, e.g. in the alpine valleys or in heavy contaminated regions. Each day the 
crews receive from the NAZ the orders [10], where they have to go. The intervals between 
two measuring points depends on the exposure rate level and the population density. They 
are typically between some 100m and some kilometers. Depending on the routes and the 
radiological situation, it is possible to make some 50-100 measurements with one crew per 
day. 

Ground contamination monitoring is done in a cost effective way. Soil contamina
tion measurements need more expense, than exposure rate measurements. For this reason 
the ground contamination maps are gained from the exposure rate maps. In a contaminated 
area the exposure rate is mainly a function of the ground activity. With the relation between 
the activity of a given nuclide in the soil and the exposure rate at the same position we can 
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Fig. 4: The Network of the 6tomic !Yarning Eosts AWP (Atomwarnposten) 

calculate valid ground contamination values [12]. Therefore the points for soil monitoring 
have to be taken in the vicinity of exposure rate stations. Because the nuclide distribution is 
quite homogeneous over a large area, soil monitoring need be done only at a few key points. 
Two methods are used for it, laboratory analysis of soil-samples and gamma-spectrometry in 
the field (in-situ gamma-spectrometry) [13]. The latter one will be the main method to be 
used. 

3.3.2 The Internal Pathway 
The laboratory organization is alerted together with all other parts of the Radiation 

Emergency Organization. It starts immediately with the monitoring of the food-chain. At the 
beginning of the early phase it is done by those five federal laboratories, which are engaged 
in the routine program of the normal radioactivity monitoring. They are equipped with 
sophisticated equipment for all kinds of activity-measurements (a, {3, r) and are well 
trained. For this period the sampling is done by the laboratories itself pursuant to checklists 
(Tab. 2), which have been elaborated in advance by the NAZ in collaboration with them. 

sample location samplr/day 
1. +2. day 3.-7. day 

precipitation vicinity of lab dopoodll oo p<oolp. 
dust, fallout 

, 
2-4 --

soil 
, 

6 3 
drinking water from lab 2 5 
gras vicinity of lab 4 10 
vegetables 

, 
4 10 

fruits 
, 

depend in~ on season 
milk farmer near lab 2-4 5-10 
milk dairy 5-10 

Table 2: Example of a sampling checklist for "{-spectrometry for the first seven days of a federal laboratory. 
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These lists contains the essential samples of the food-chain, covering the seasonal variations, 
which should be taken from the laboratory during the first seven days. It assures a very rapid 
and systematic initiation of ingestion monitoring in a period of uncertainty at the beginning 
of a nuclear accident. The checklists have proven their principal value during the Chernobyl 
accident, where the laboratories were alerted in the late morning of the 1 th may, a public 
holiday in some regions. 

3.4 Radiation Monitoring during the Intermediate 
and Long Term Phase of a Contamination 

The principal exposure pathway during the intermediate and long-term phase is the 
ingestion of contaminated food and water and, with decreasing significance, the external ex
posure. The monitoring of the latter one will be done with the same instruments described 
before, but at longer intervals (except NADAM). Data from the external exposure rate 
measurements are used to identify the most affected regions and allows the concentration of 
efforts in the the most efficient way for the ingestion monitoring. 

When organizing the monitoring of food and agricultural products, the different 
responsibilities in the hygienic and quality surveillance of food products have to be taken 
into account. The federal office for public health has the principal responsibility and sets the 
legal standards, but the execution will be done by the 26 cantons and each of them has its 
own and specific food inspection organization. The laboratory organization at the time being 
has the following structure: 

m Canton With Ge detector 

188881 ava;lable or aquisition planned 

A federal laboratories 

Fig. 5: The federal and cantonal laboratories. 

~ Cantons wtih Nal detector 
· · · · from military laboratory 

The five federal laboratories will do the measurement of special nuclides (Sr, Pu etc.) 
or special samples (air filters from cars or air conditions, soil, water from rivers and lakes, 
sludge from purification plants etc.) and of the samples taken from imported food at the 
customs as well as measurements for the evaluation of transfer factors in the food-chain. 
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The cantonal laboratories will do the main screening of all kinds of samples of food 
and fodder: milk, meat, vegetables, grain, fruits, drinking water, fish, grass, hay etc. Some of 
them are equipped with Ge-detectors, the others can use the equipement (Nai-szintillator) 
from their military laboratory. Each canton has for its support a military laboratory. If the 
canton needs additional measuring capability or manpower, this laboratory or its personnel 
can be demanded by the leading commission from the Departement of Defense. 

The sampling organization. In this phase the sampling will be organized by the can
tonal food services and from the custom. The five federal laboratories will do the sampling 
only for their special scientific purposes (e.g. transfer factors). 

Sampling and measurement of the cantonal laboratories is done pursuant to an 
agreement [14] between the federal office of public health and the cantonal food inspection 
services. This agreement covers the responsibilty for the sampling plans, the allocation of the 
measuring capabilities to national and cantonal requirements and the reporting obligation of 
all results to the NAZ for all laboratories. To have a uniform sampling, preparation of the 
samples and also data reporting, the NAZ has elaborated guidelines for this purposes [15]. 

The sampling plans are elaborated between the NAZ, the federal offices responsi
ble for the implementation of protective measures (e.g. federal offices for agriculture, of 
veterinary service etc.) and the food inspection services. Coordination meetings will be held 
in appropriate intervals, dependig on the radiological situation and the vegetation period. 
Sampling priority is done in relation to the food basket of the normal population for the 
three age groups adults, children (lOy) and babies (0-2y), but also the dietary habits of cri
tical population groups (e.g. sheep holders) will be take i:Q.to appropriate account. 

To validate the dose estimates of the population evaluated from the activity 
concentrations in the nutrition and the dietary habits whole-body monitoring will be done to 
receive information on contamination of critical population groups as well as of the average 
population. 

4. DATA COLLECTION and MANAGEMENT 

Some 10 tausends of values from exposure rate monitoring and about the same 
amount from ingestion monitoring have to be collected, handled, stored and evaluated by 
the NAZ. This needs a well organized data-collection and management system. 

The transmission of exposure rate data is done by telex (A WP) or telephone 
(mobile crews). All laboratory data are transmitted by telefax at the moment. To assure cor
rect data-transmission, everyone has to use the transmission formulas specially designed for 
this purpose. 

The automatically transmitted NADAM-measurements together with the other 
exposure rate values are stored on a mainframe system of the NAZ, laboratory data in a per
sorrel computer. For the next years, an integrated computer-based data-collection and 
management system for A WP and the laboratories is planned. 

For the decison making of the Radiological Health Care Staff and the Leading 
Commission the evaluated results have to be converted into easily interpretable overviews 
such as external exposure rate or dose contour maps, scattergrams of the activity concentra
tion in function of the time for different foodstuffs [16] or diagrams of the radiation level as 
a function of time for selected points. 
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NATIONAL MONITORING SYSTEMS AND STRATEGIES IN SVEDEN 

B. Ake Persson 
National Institute of Radiation Protection 

Stockholm, Sweden 

ABSTRACT 

The preplanned radiological monitoring programme in Sweden comprises various 
different systems and techniques for measurement. 

The monitoring programme for early warning consists of two different systems 
- one which give priority to rapidity rather than sensitivity and one which 
give priority to sensitivity. 

Offsite the nuclear power stations survey teams from the local fire-brigades 
are sent out automatically in the event of a general alert. The tactics for 
the monitoring teams were renewed last year. 

To get rapid information on ground deposited radionuclides, in situ high 
resolution gamma spectrometric measurement is an accurate and reliable 
technique which needs no sampling procedures. 

Airborne spectrometric mapping is a most efficient technique for measuring 
large scale deposition. This is the only method fast and sensitive enough to 
find scattered high-activity point sources over a large area after the crash 
of a nuclear powered satellite. 
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SYSTEHES ET STRATEGIES DE SURVEILLANCE .UTILISES EN SUEDE 

B. Ake Persson 
Institut national de protection contre les rayonnements 

Stockohlm, Suede 

RESUME 

Le programme preetabli de surveillance radiologique de la Suede prevoit 
divers systemes et techniques de mesure. 

Le programme de surveillance a des fins d'avertissement rapide se com
pose de deux systemes differents qui accordent la priorite, dans le premier 
cas, a la rapidite plutot qu'a la sensibilite et, dans le second, a la sensi
bilite. 

En dehors du site des centrales nucleaires, les equipes de surveillance 
appartenant aux brigades locales de sapeurs pompiers sont automatiquement 
envoyees sur le terrain en cas d'alerte generale. La tactique adoptee par les 
equipes de surveillance a ete revisee l'annee derniere. 

Pour obtenir rapidement des informations concernant les radionucleides 
deposes sur le sol, on a recours a la spectrometrie gamma a haute resolution 
in situ, qui constitue une technique de mesure precise et fiable ne necessi
tant aucune procedure d'echantillonnage. 

La cartographie par spectrometrie aeroportee offre une technique 
extremement efficace pour mesurer le depot a grande echelle. C'est la seule 
methode qui soit suffisamment rapide et sensible pour deceler des sources 
ponctuelles de haute activit€ dispersees sur une superficie etendue apres la 
chute d'un satellite aliment€ en energie nucleaire. 
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1. INTRODUCTION 

Since 1981, the Swedish legislation has prescribed an inner emergency plan
ning zone with a radius of 12-15 km and an indication zone with a radius of 
50 km around the four sites where nuclear power reactors are in operation. A 
network of permanent stations containing thermoluminescent dosemeters has 
been placed in the inner zone. Within the indication zone survey routes have 
been defined. Survey teams from the local fire brigades can very rapidly be 
sent out after a declaration of a general emergency. The teams are trained to 
perform dose rate measurements. Equipment and training for air sampling are 
under introduction. The responsibility for this and all other regional off
site emergency planning rests on the county administration authority in 
cooperation with the National Institute of Radiation Protection (SSI) 
regarding measurement equipment, monitoring procedures and tactics. On a 
national level the planning for the use of equipment and specialists for 
various kinds of advanced radiological monitoring and assessments have mainly 
been performed by the SSI. The decision of 1981 to strengthen. the emergency 
planning and preparedness for accidents at Swedish nuclear power stations can 
be seen as an impact of the Three Mile Island accident two years earlier. 
This also meant that during the period of time up to the Chernobyl accident 
in 1986 most of the efforts regarding the emergency planning were focused on 
a radiological accident inside Sweden. 

However, the Chernobyl accident in 1986 clearly showed that the consequences 
of severe reactor accidents outside the country can, in case of unfavourable 
weather conditions, cause a situation where there is a need for an extensive 
preplanned radiological monitoring programme for the whole country. The 
present-day emergency planning has therefore been expanded to include all 24 
counties, however, to a higher extent in the counties with nuclear power 
stations. On the regional level all urban and rural districts as well as all 
county administration authorities have been equipped with at least one hand
instrument . 

Altogether there are around 350 instruments with which non-natural deviations 
of the natural background radiation can be detected. The instruments are 
handled by trained persons and the measurements are performed with a very 
well defined procedure as well as the constant checking of the instrument 
readings. The main purpose of these measurements is to provide a background 
knowledge of an accident situation for the local and regional authorities so 
that the public can be given the information they can be expected to ask for. 

The reported dose-rates are compiled by respective county administration 
authorities and if needed the SSI can ask for this data. 

In this way it is possible in an accident situation to get an area survey for 
the whole country performed in a day. 

A first rough radiological assessment can then be performed. To have such 
information available is important not least when decisions must be made 
concerning further monitoring activities where national measurement resources 
ought to be distributed in an optimal way. 
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The remainder of this paper deals mainly with this monitoring systems which 
is operated from a more national level and about the monitoring strategies 
which have been established by the SSI. During the last few years most of the 
emergency planning regarding radiological monitoring has naturally been 
strongly influenced by the Chernobyl accident. 

2 MONITORING SYSTEM~ FOR EARLY WARNING 

2.1 The objective for warning by monitoring 

The fast response of the emergency organisation regarding radiological 
measurements in case of a reactor accident in Sweden means that there is no 
need for a special warning monitoring system due to the existence of Swedish 
nuclear power stations. However, as the Chernobyl accident showed, there is a 
need for an early warning system for various accidents outside the country. 
The objective for an early warning measurement system has been stated as 
follows by the SSI. 

"The warning system shall be able to detect such increases in the radiation 
level, which could cause emergency actions or induce the radiation protec
tion authorities to accomplish a closer investigation of the source origin 
and the distribution of the release. The system shall primarily detect and 
identify gamma-emitting radioactive substances released to the atmosphere 
and extending over hundreds of kilometres or more. Rapid detection is requi
red for radiation levels which need countermeasures to protect the public. 
In addition to the main warning system there shall be means for identifying 
and determining the activity of small amounts of other radioactive substan
ces, particularly transuranic elements. The demand for rapid detection must 
be balanced against the time needed for indispensable sample preparation and 
analysis procedures." 

For rapid monitoring the only practicable technique is total gamma measure
ment. The response time is in order of seconds for high levels and in the 
order of minutes for levels appreciably above the background. Still lower 
levels are much more difficult to discern by total gamma monitoring, since 
the time variations in the natural background will exceed the signal. 

Non-natural radiation levels smaller than the background variations must be 
detected by spectrometric measurement methods. This can be accomplished by 
in situ measurements or by sampling and subsequent measurement of samples at 
a remote laboratory. In situ measurement is the most rapid spectrometric 
technique, since no special sample preparation is needed. Levels down to 
approximately 1/1000 of the natural background can be detected by in situ 
measurements with a high resolution germanium spectrometer. The most 
sensitive technique for the detection of small artificial contributions in 
the environment is high-volume air sampling on filters combined with high 
resolution gamma spectrometry at a low background laboratory. 

The monitoring programme for early warning in Sweden consist today of two 
different systems; 

- One with gamma radiation detectors for rapid detection of "high" radia
tion levels 

- One for detection of very low levels of particulate non-natural radionuc
lides 
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2.2 Gamma radiation monitoring stations 

Fixed gamma radiation monitoring stations are used for rapid detection of a 
deviation from the natural radiation level which could lead to a need for 
immediate decisions regarding countermeasures to protect or inform the public 
about a fallout situation. Priority is given to rapidity rather than sensiti
vity. 

In order to obtain an overall picture of the radiation from the fallout from 
the atmospheric weapon tests, Professor Rolf M. Sievert proposed in the 
spring of 1957 that some 50 fixed monitoring stations should be established 
in Sweden. Twenty-five such stations were erected and put into operation 
during 1959. The stations have been in operation since then. The sites of the 
monitoring stations are shown in Figure 1. 

The sites selected were mainly at manned synoptic weather observation sites. 
In such a manner the stations became evenly distributed over Sweden with a 
mutual spacing of approximately 150 km. Up to 1986, manual reading were made 
at all these stations once a day. 

2.2.1. Detectors and other equipment 

The detectors are of the ionization chamber type and consist of sealed 
pressurized containers equivalent to 80 litres of air. The current which is 
generated in the chamber by ionizing radiation is converted to pulses. Each 
pulse is recorded by an electronic logger. The number of pulses per unit time 
is proportional to the dose-rate of the ionizing radiation and the equipment 
is calibrated for ambient dose equivalent rate as defined by ICRU, Report 39. 

In ·1986 all stations were equipped with data loggers. Two central computers 
at the Institute of Radiation Protection are used for data collection from 
the loggers via telephone lines. Evaluation and presentation of registered 
data can be performed automatically. 

2.2.2. Alarm level 

The natural background radiation varies with time due to changes in weather 
and soil conditions, e.g. rain, ground moisture, snow cover etc. If only the 
dose-rate is observed false alarms could be caused by rainfall. In such 
situations an increase of the background radiation level by 20-40 per cent 
may be due to ground deposited radon daughters. The most distinct change in 
radiation level is during the spring when the snow melts and the dose-rate 
from the ground can rise by up to 50 per cent as the snow cover disappears . 
. All these ,different effects makes it difficult to detect small contributions 
from artificial sources when using total-gamma measurement techniques. 

The risk for false alarms could be reduced by different methods. One, which 
is put in practice in Sweden, is to observe the dose during a specific time 
interval (e.g. 24 hours) and compare the observed value with a running stan
dard value (the 24 hours before that period of time) (1). The dose-rate peaks 
from deposited radon daughters could be high, but the total dose from deposi
ted daughters is low since the half-lives are rather short. With this method 
dose-rate peaks with short time duration are rejected. However, a small 
increase over longer periods of time will trigger an alarm since the contri
bution to the dose would be apparent. 
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2.2.3. Extension of the monitoring network 

A review of the monitoring network was made in 1987 in order to determine 
whether an extension was needed to get faster and more reliable warnings in 
case of a nuclear power accident outside the country. The distance between 
monitoring stations in the warning system must be so small that a radioactive 
release outside Sweden will be detected by at least one station as it reaches 
Swedish territory. Looking at each potential foreign source and combining 
this with an estimate of the spread of a release by the time it reaches 
Sweden gives a measure of the maximum distance between monitoring stations. 

The results from the comparison of a long range dispersion model with the 
monitoring network from 1959, showed that some parts of Sweden needed addi
tional stations, particularly in the south, where the distances to nuclear 
power stations are short. In other parts of the country additional stations 
cab be justified to enhance the area coverage. 

2.3. Ultra high-volume air sampling stations 

An air monitoring network is used for detection of very low levels of parti
culate radionuclides in the air. In case of a large increase of radioactive 
particles, the system will be used to assess the time integrated air concen
trations in order to predict inhalation doses and ground deposition. Priority 
is given to sensitivity rather than rapidity. 

2.3.1. Sampling and measurement of ground level air 

Since the mid 1950s the Swedish Defence Research Establishment (FOA) has been 
operating a national surveillance network of ultra high-volume air sampling 
devices for the verification of nuclear test bans, by analyzing the contents 
of radioactive substances in the air. The system also includes high altitude 
air samplers mounted under the wings of an Air Force fighter aircraft. These 
samplers give information on the height distribution of the activity. Since 
1986 the surveillance programme has been run in close cooperation with the 
National Institute of Radiation Protection. 

Eight ground-level stations have been established in Sweden as indicated on 
the map in Figure 1. All stations collect airborne dust on fiberglass 
filters. These are normally changed three times a week. The filters are 
manufactured specially for this purpose by the Swedish Defence Research 
Establishment. 

Air is drawn through the filter by a high capacity centrifugal pump with a 

normal rate of 24 000 m3 per day. Filters are sent by mail to the measurement 
laboratory at the Swedish Defence Research Laboratory in Stockholm, where 
they are analyzed by high resolution gamma spectrometry in a low-background 

lead shielded chamber. The detection limit is of the order of 0.1 - 1 ~Bq/m3 . 

Normally it takes 5-10 days after the filter is removed until it has been 
completely analyzed. This delay is acceptable for the verification measure
ments of the Test Ban Treaty, but it is too long for early warning of health 
hazards. On the other hand it is not necessary to measure such low levels as 

1 ~Bq/m3 very rapidly, since the need for countermeasures are not acute at 
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this level. In order to comply with the request to obtain early warning 
information a special screening measurement for all filters has been 
introduced. As soon as replaced filters arrive at the laboratory they are 
checked in a primary measurement chamber and indications from artificial 
radionuclides are searched for. This measurement takes around 15 minutes with 

a detection limit of the order of 1 mBq/m3 . If this limit is exceeded the 
radiation protection inspector at the National Institute of Radiation Protec
tion is notified. 

3. MONITORING IN THE EARLY PHASE 

3.1 Different time phases of an accident 

The categorization of time phases is often useful when developing emergency 
plans because actions such as estimation of risk areas, monitoring and 
searching for contaminated areas and countermeasures to protect the people 
are different since the knowledge of the consequences of the accident increa
ses with time. 

For accidents with land-based nuclear power reactors involved the three 
phases early, intermediate and late are used in this paper. 

The early phase means the threat period before a release begins as well as 
the time period when most of the releases occurs. 

The intermediate phase starts from the first few hours after the commencement 
of the release and might extend for several days. However, there are no sharp 
time limit between the two phases. 

The late phase is concerned with return to normal living conditions and may 
extend for several years after the accident. 

The emphasis below will be on dealing with the radiological monitoring in the 
first two phases. 

3.2. Survey teams 

The regional emergency plans off-site the nuclear power reactor sites in 
Sweden cover an area up to 50 km from the plant. Planned survey routes have 
been defined together with a large number of surveillance points at which 
dose-rate measurements shall be made. Survey teams are appointed from diffe
rent local fire-brigades and these teams are automatically sent out along 
some of the pre-planned routes in the event of an off-site alert or a general 
emergency alarm. 

3.2.1. Strategies for the survey organization 

The strategies for the field survey organization were specifically studied by 
the SSI during 1985-87 by the use of computer simulation. In a number of 
simulations the localization and numbers of measurement points, survey 
routes, the number of survey teams, and the consecutive order of attended 
survey points were studied. From the results the Institute concluded that the 
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organization and tactics for off-site monitoring must be modified. This new 
concept is now under implementation. 

The main point in the new concept is that the mobile survey teams are repla
ced by stationary monitoring at fixed survey points. Stationary monitoring 
has been shown to give more reliable and more easily interpretable informa
tion on the total dose and dose-rate from the plume and the ground deposition 
during the release and the first hours thereafter. Above all, more reliable · 
information will be gained about the probable area covered by the plume. 

Stationary monitoring is performed by survey teams from the local fire-briga
des and by fixed monitoring stations. At each survey point where no monito
ring station has been installed, a combined dose and dose-rate meter (type 
RNI 10/S) based on a GM-tube is placed out on a stand. The measurement height 
is 1 m above the ground. The dose-rate meter is calibrated for ambient dose 
equivalent rate and can calculate and display momentary dose-rate, average 
dose-rate for the last five minutes, and integrated dose from the time of set 
up. The average dose-rate and the integrated dose should be noted every five 
minutes by single point teams and as frequently (5-15 min) as possible for 
teams attending more than one instrument and more than one survey point. 
Measured values are reported in batches to the radio traffic manager on 
request. From there, noted values are sent by Fax to the Regional Emergency 
Co-ordination Centre at the County Administration and to the National 
Institute of Radiation Protection in Stockholm as soon as they are received 
by the traffic manager. 

The number of survey teams attending stationary monitoring points varies 
somewhat between the different nuclear power stations. If the number of 
survey teams is large enough the survey organization could be made indepen
dent of the wind direction at the time of the release. 

In addition to the stationary survey points nearby the nuclear installation, 
all local fire-brigades within 50 km distance in possession of a dose-rate 
meter shall automatically start measurements at their own station. This 
provides additional stationary monitoring points distributed over the area. 

Measurements over the sea are only given priority in those cases in which the 
wind is directed towards any nearby island, such as Oland (at Oskarshamn), or 
a neighbouring country. 

The advantage with the off-site stationary monitoring organization is that it 
can act immediately after a declaration of a general emergency and indepen
dently of guidance and still give adequate information for the initial 
assessment of a radioactive release to the environment. No alterations of the 
survey teams stationary positions should be allowed during the first hours 
after an alert, unless it is obvious that measured data would be meaningless 
e.g. in the case of a major change in wind direction. Another advantage is 
that measured data is continuous at each stationary survey point and sorted 
for each point as it is reported. This makes the interpretation of reported 
data much easier and it enables faster determination of risk areas. 

3.2.2. Monitoring along survey routes 

At the Regional Emergency Co-ordination Centre an operational leader of 
survey teams is appointed. His duty is to check that the survey teams have 
been correctly alerted and positioned according to the emergency plan. The 
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operational leader also has the duty of checking that all fire-brigades 
within the 50 km area have initiated stationary monitoring and that measured 
values are continuously reported. At the end of the early phase, mobile 
measurements for survey of ground deposition can be started. These measure
ments are lead in detail by the operational leader according to previously 
specified monitoring procedures. 

3.2.3. Portable air samplers 

In the wind direction, collection of particulate radioactive material and 
gaseous iodine shall be performed. Portable collection equipment is used. It 
is very important that collection is started soon after an alert and that 
filters can be changed frequently. Operation of the equipment is performed by 
personnel in the survey teams. The filters are then transported to laborato
ries which have been prepared to make measurements at short notice. 

3.2.4. Computerized information system 

Data transmitted to the SSI from the survey teams are recorded in a compute
rized database. Monitoring points, survey teams and instrumentation are pre
coded so that they can be easily referenced. The computer system, DAPHNE, 
handles collating, storage, retrieval and display of measured data on lists 
and maps. The system also performs atmospheric dispersion calculations with a 
relatively simplistic Gaussian model. A special computer program, LENA, is 
used for off-site predictions of dose and dose-rates from external 
irradiation and from inhalation for different presupposed release categories. 

4. RADIOLOGICAL MONITORING IN THE INTERMEDIATE PHASE 

The emergency planning for this time phase must include a number of different 
monitoring activities which can be put into operation depending on the 
prevailing situation. Some of the most important methods which are included 
in the Swedish emergency planning are briefly discussed here. 

4.1. High altitude air-sampling 

High altitude air-sampling can be performed by six filtering devices, three 
of which are mounted under each wing of a Swedish Airforce Fighter J32 Lan
sen. The devices can be opened and closed by the pilot during flight. The 
sampling rate depends on the altitude and speed of the aircraft. Normally 
four devices are loaded with fiberglass filters for gamma spectrometry 
studies and two with an organic and soluble filter aimed at delivering 
material for particle examinations. When there is reason to expect fresh 
debris, flights can be performed daily and the flying altitudes matched to 
the anticipated dispersion heights. 

4.2. Mobile air filter stations 

To supplement the fixed ultra high-volume air sampling stations, a set of 
mobile stations can quickly be transported to regions where additional 
sampling capacity is needed. Mobile stations use the same filter dimensions 
as the fixed stations, but have about one third of the filtering capacity. 
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All measurement procedures are exactly the same as for the fixed stations. 
Four of the mobile stations have been in continuous use during the last two 
years for studying resuspension effects in high deposition areas after the 
Chernobyl accident. 

4.3. Precipitation sampling 

All air filter stations are equipped with large funnels (diameter 2 m) for 
precipitation sampling. In winter, when necessary, the funnels are heated to 
melt snow. The water passes through an ion exchange unit which is mounted 
below the funnel. The unit consists of one layer of fiberglass to collect the 
particulate matter and two layers of anion and cation exchangers to collect 
the dissolved radionuclides. The ion exchange units are changed eve.ry week if 
the precipitation during the previous week exceeded 1 mm. 

4.4. In situ gamma spectrometric measurements 

In situ high resolution gamma spectrometric measurements has proved to be an 
accurate and reliable technique to gain rapid information on ground deposited 
radionuclides, even if the amounts are small. It is much faster than any type 
of soil or vegetation sampling, since no sampling procedures are involved. 
The technique has been used in Sweden since 1972, (2). 

As an example of the importance of the in situ technique, it can be mentioned 
that in situ measurements were used in a helicopter over the Baltic Sea to 
gain information on the contents of the J:adioactive cloud from the Chernobyl 
accident on the evening of April 28, 1986. Due to the weather conditions the 
radioactive cloud was found to be capped ab9ve an inversion layer at 
200-250 m. The measurement showed that the maximum concentrations of radio
nuclides were at a height of 600-700 m (3). During the following weeks the 
ground deposition was measured in situ at reference points all over Sweden. 
The calculation of collective doses from external irradiation was performed 
on the basis of these measurements (4). 

Preparedness resources for in situ high resolution spectrometry are located 
at three regional research centres in Sweden. 

4.5. Aerial surveys 

The Swedish Geological Survey (SGU) started airborne geophysical measurements 
in 1960. In 1967 the Geological Survey became responsible for the government 
financed uranium prospecting. Aerial surveys of potassium, uranium and thori
um were started with Nai(Tl)-spectrometric equipment in a twin-engined Aero 
Commander. In 1968 the first large 16.8 litre detector even used today was 
installed together with a 256 channel analyser. The equipment was specially 
designed for background mapping and uranium prospecting purposes. An additio
nal equipment was acquired later. Between 17 000 and 113 000 line kilometres 
were measured each year. In 1982 the airborne department was moved to the 
newly created Swedish Geological Co (SGAB) which primarily had external 
commercial financing in character. 

During the Chernobyl accident the airborne spectrometers were used for 
mapping the deposition in Sweden (5). The first mapping was performed 2-8 
May. In order to get an overview of the large scale deposition pattern, most 
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flight lines were east-west with a separation of 50-100 km. A second mapping 
with 50 km separation was performed 9-23 May. Thereafter complementary 
measurements in wet deposition areas along the southern Norrland coast and in 
the Gavle area were performed. The results were presented as exposure rate 
one metre above ground and as deposition values for Cs-134. 

The use of airborne spectrometric survey was of vital importance in finding 
areas with high deposition. No other survey equipment could accomplish the 
same amount of measured area within a reasonable time. It is therefore 
planned that the airborne spectrometric measurement technique will be used 
for ground depostion mapping in case of a nuclear accident in Sweden or 
neighbouring country. Measurements are planned to start well after the 
release has ceased, which means within 4-6 days after an alarm. Airborne 
measurments during the release or shortly thereafter are not advisable 
because of the large risk of contaminating the aeroplane and spectrometer. 

4.5.1 Nuclear powered satellites 

In case of re-entry and crash of a nuclear powered satellite, airborne gamma 
spectrometry is the only method fast and sensitive enough to find scattered 
high activity point sources over a large area. During the alert of Cosmos 
1900 in September-October 1988, both airborne spectrometers of the Swedish 
Geological Co were put into preparedness for immediate use. One was intended 
for fixed-wing aircraft and one for a helicopter. In addition, a number of 
helicopters were prepared for total gamma measurements with portable 
scintillation detectors. 
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ABSTRACT 

The national radiation moni taring system in Finland is quite 
extensive, with about 450 measuring stations for external radiati
on. The equipment is the same as that used by the civil defence 
organization. A fairly extensive program for sampling and ana
lysing environmental radioactivity has also been in operation 
since the 1960s. 

A network of 50 local laboratories equipped to perform low-level 
total gamma measurements also forms part of emergency prepared
ness. The experience of the Chernobyl fallout situation proved 
the usefulness of this concept, even in a situation that was 
not so serious as to involve large scale countermeasures regarding 
foodstuffs. 

RESEAU DE STATIONS ET DE LABORATOIRES DE SURVEILLANCE 
DE L'ENVIRONNEMENT COORDONNE A L'ECHELON NATIONAL 

RESUME 

La Finlande dispose d'un systeme national de surveillance radiologique tres 
etendu, qui se compose d'environ 450 stations de mesure du rayonnement externe 
et utilise les memes equipements que l'organisation de protection civile. Un 
programme assez etendu de prelevement d'echantillons et d'analyse de la radio
activite presente dans l'environnement est egalement applique depuis les 
annees 60. 

Un reseau de 50 laboratoires locaux equipes pour effectuer des mesures du 
rayonnement gamma total de faible niveau fait egalement partie integrante du 
dispositif d'intervention en cas d'urgence. L'experience de la situation creee 
par les retombees de Tchernobyl a montre l'utilite de ce systeme, meme dans 
une situation qui n'etait pas suffisamment grave pour impliquer des contre
mesures a grande echelle concernant les denrees alimentaires. 
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1. ENVIRONMENTAL MONITORING STATIONS 

1.1 Organization 

The atmospheric testing of nuclear weapons in the 1950s 
and 1960s led to the organization of a nationwide radiation 
monitoring system in Finland. An extensive monitoring network for 
external radiation was set up during the series of large-scale 
nuclear tests carried out by the Soviet Union at the Novaya 
Zemlja test site in 1961-62. The network has been operated on
essentially the same basis ever. since. 

The national radiation monitoring organization involves 
several authorities and departments, the main ones being shown 
in Table I. The external radiation monitoring network comprises 
altogether about 450 stations, of which about 150 record the 
dose-rate continuously. Figure 1 shows the location of the 
continuously measuring stations in the civilian network. They 
are located at the 60 district alarm centres. ·All the organiza
tions mentioned exchange monitoring results on a routine basis. 
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Figure 1. The location of the 
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ing out continuous external 
dose rate monitoring. 
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Figure 2. The national network 
of stations monitoring radio
activity in air. 
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There are agreed-upon procedures for reporting and alerting 
in case of a corroborated unusual observation. Each authority 
participating in,the national radiation monitoring organization 
must specify in its own guides and manuals the appropriate dose
rate reference levels or other criteria that require that their 
own network or other authorities be informed or alerted. 

Table I. The national radiation monitoring organization in 
Finland 

The Ministry of 
the Interior 

The Defence Forces 

The Institute of 
Seismology 

The Finnish Meteoro
logical Insitute (FMI) 

The Finnish Centre for 
Radiation and Nuclear 
and Safety (STUK) 

Operates a network of 351 external 
radiationmonitoringstationsadminis
tered by the 11 provincial governments. 
The monitoring is carried out by 
municipal fire departments, base 
stations of the national board of 
roads, civil aviation authorities 
at the airports, and others. 

Operate a network of 94 external 
radiation monitoring stations and 
collect air dust samples from the 
upper atmosphere. 

Carries out seismic monitoring for 
radiation monitoring purposes. 

Operates a 12 station monitoring 
network measuring the radioactivity 
in the air. In addition, the FMI 
provides the meteorological services 
needed for radiation monitoring, and 
maintains preparedness to evaluate 
and forecast the airborne dispersion 
of radioactive material. 

Operates a national programme of 
environmental sampling, measurements 
and laboratory analyses. STUK is the 
central research institute of the 
national m.oni toring organization, 
and is responsible for collecting the 
environmental monitoring data in 
case of a radiation emergency si tuati
on. The Centre makes recommendations 
about the protective measures to be 
taken, in co-operation with the 
executive authorities. 
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In states of emergency, the Ministry of the Interior 
directs civil defence operations. If necessary, a special emergen
cy radiation monitoring organization is set up, under the pro
visions of the Civil Defence Act. The moni taring of external 
radiation is then led from sheltered command centres, and special 
sheltered laboratories are brought into use (cf. chapter 2.1). 

1.2 External radiation monitoring 

. In the networks operated under the management of the 
Ministry of the Interior and the Defence Forces, the stations 
are equipped with fixed GM survey meters (Alnor RDA3l's). The 
continuously operating stations have an auxiliary unit (Alnor 
APC-31) that integrates the pulse count and converts it to a 
dose rate. In this way, even background dose rate levels can be 
measured with statistical significance. The dose rate is displayed 
as a digital reading in f.lSV h-1 or mSv h-1 . 

In radiation emergency situations, it is possible to 
establish additional measuring points, and to send out teams 
using portable radiation monitors. 

1.3 Monitoring of radioactivity in the air 

The network of stations measuring radioactivity in the 
air is shown in Figure 2. There are two main types of station, 
continuously measuring aerosol moni taring stations C•) with alarm 
capability, and sampling stations (e) that collect samples on 
filter paper or charcoal cartridges, to be analysed in the 
laboratory by gamma spectrometry or total beta measurement. 

The Finnish Meteorological Institute ( FMI) operates 10 
aerosol monitoring stations and four sampling stations for 
total beta measument. At the monitoring stations the measuring 
equipment is a dual channel system, in which air is drawn through 
a filter paper in a cylinder, with five beta-sensitive G M 
tubes sensing at the filter surface. The air is drawn through 
alternate channels at 4-hour intervals, allowing the radon 
daughters to decay. The signal output from both channels is 
recorded. The measuring unit is enclosed in a lead background 
shield. 

The monitoring stations of FMI can trigger an alarm in 
response to increases in airborne radioactivity smaller than 
that required to activate the external dose rate moni taring 
network by at least two orders of magnitude. 

The Finnish Centre for Radiation and Nuclear Safety 
(STUK) has a network of high-volume air samplers providing the 
most sensitive means of detecting the occurrence of artificial 
radioactivity in the air. The air is drawn through a glass 
fibre filter; a part of the filtered air can be passed through 
a vessel containing activated charcoal in order to detect elemen
tary iodine and methyl iodide. The station at Nurmijarvi (30 km 
north of Helsinki) has the highest capacity. 
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Smaller, transportable samplers are currently in use by 
STUK at four locations. The specifications of the transportable 
sampler are shown in Table II./1/ 

Table II. Specifications of the transportable air sampler 

The transportable high-volume air sampler constructed at the 
Finnish Centre for Radiation and Nuclear Safety uses both a 
glass fibre filter and a cartridge for activated carbon. The 
main parts of the sampler are a vacuum pump, a filter holder, 
an exchangeable cartridge for carbon and a pressure difference 
meter for measuring of air flow rate. 

dimensions 

height 
diameter 
weight 
vacuum pump 
- power 
- current 

glass fibre filter 

type 
diameter 
face velocity 
flange 
- diameter of the hole 
- air flow 
- pressure difference 

activated carbon cartridge 

volume 
diameter 
carbon layer thickness 
type of carbon 
face velocity 
residence time 
pressure drop 
flange 
- air flow rate 
- pressure difference 
- diameter of the hole 

800 mm 
460 mm 

43 kg 

1.1 kW 
6.8 A 

Whatman GF/A 
270 mm 

70 cmjs 

60 mm 
140 m3 /h 
450 Pa 

565 cm3 

129 mm 
43 mm 

207B 1.5-KI 8-12 mesh 
25 cm/s 

. 0.17 s 
100 Pa 

12 m3 /h 
100 Pa 
20.5 mm 

Additionally there are stationary samplers in the environs 
of the nuclear power plants (four in Loviisa, three in Olkiluoto). 
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The Defence Forces (DF) have one sampler (the STUK trans
portable model) in Tampere. 

The main performance data for the various types of station 
are summarized in Table III. 

Table I II. Sampling capacity and detection limit for stations 
measuring radioactivity in air. 

FMI on-line aerosol 
measuring stations 

FMI sampling stations 

STUK Nurmijarvi station 

STUK transportable model 

STUK/ Nuclear Power Plant 
sampling station 

Capacity 
{m3 /h) 

10 

150 

750 

150 

60 

x) refers to total beta activity 

Minimum 
detectable 
activity 

alarm level 
abt 1 Bq/m3 xJ 

1000 p,Bqjm3 x) 

0. 2 p,Bqjm3 xx) 

1 p,Bq/m3 

2 p,Bq/m3 

xx) 

XX) 

xx) refers to most important gamma emmitting nuclides such as 
131 I and 137 Cs. 

Some stations of both the FMI and STUK also record the 
external gamma dose rate. 

1.4 Deposition monitoring 

There are rain water collectors with a surface area of 1 
m2 in Nurmijarvi and Lappeenranta, and at the Loviisa and Olki
luoto nuclear power plant sites. 

Rain water stations equipped with normal rain gauges are 
situated in Nurmijarvi, Jokioinen, Maarianhamina, Lappeenranta, 
Niinisalo, Tikkakoski, Savonlinna, Kuopio, Joensuu, Kauhava, 
Vaasa, Kajaani, Kuhmo, Taivalkoski, Rovaniemi, Sodankyla, Ivalo 
and Inari as well as in Loviisa (three) and Olkiluoto (three). 

At these stations, the rain water is normally collected 
monthly. 
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1.5 Automation of monitoring stations 

The main organizations involved in the national radiation 
monitoring system are all moving towards automatic remote data 
acquisition and centralized presentation of monitoring results. 

An existing computer system developed for the Ministry 
of the Interior can be activated in an alert in order to process 
the external radiation monitoring results on a central computer. 
At present, the data are input manually at the offices of the 
11 provincial governments after the data have been collected 
from the stations by telephone. 

In one to two years time the Ministry of the Interior, 
STUK and the Finnish Meteorological Institute will each have 
their own remote data acquisition system for at least some of 
their external dose rate and air moni taring stations. Common 
specifications have been established with a view to creating a 
computer system that will be able to handle all the on-line 
data and present the results at a command centre in each of the 
organizations. 

2. ENVIRONMENTAL LABORATORY NETWORK 

2.1 Central laboratory (STUK) and regional laboratories 

Atmospheric testing of nuclear weapons created a new 
phenomenon. Artificial radionuclides were carried by winds for 
a long distance from the actual test sites. Measurements of 
environmental radioactivity were initiated in the 1950s in all 
Nordic countries. In the first stage, measurements were mainly 
of total activity, but at the end of the 1950s and beginning of 
the 1960s nuclide specific analyses were initiated. The Finnish 
Centre for Radiation and Nuclear Safety was originally founded 
as the Institute of Radiation Physics in 1958. 

By the end of 1959 the total number of employees was nine. 
Now, in 1989, it is about 250, approximately 80 of them working 
with environmental radioactivity. 

Atmospheric tests of nuclear weapons started again on 
September 1, 1961. One of the test sites, Novaya-Zemlya, lies 
less th~n 1000 kilometres from Finnish Lapland. A large environ
mental research and moni taring programme was initiated to investi
gate the behaviour and effects of the fallout from these tests. 
At the beginning, deposition, surface water and the staple 
foods, including milk, were analysed. In those days, gamma 
spectrometres were still relatively insensitive, and radiochemical 
separations were needed for most radionuclides. 

In the early 1960s radiochemical methods for radiostrontium 
and radiocesium were well developed and low-background beta 
counters of high efficiency were available. The results were 
thus reliable, but radiochemical methods were time consuming. 

- 181 -



At first the number of personnel was also very low. It was 
thus clear that only limited amounts of samples could be analy
sed. 

In the 1970s increasingly efficient semiconductor detectors 
became available, and cesium 137 analysis was carried out mainly 
by gammaspectrometric methods. 

During the 1980s even more efficient detectors became 
available, and developments in computers and programming made 
analyses of gamma emitting radionuclides more automatic. 

By the mid-1980s the Surveillance Department of STUK had 
an advanced environmental laboratory (Table IV) . During the 
fallout situation after the Chernobyl accident in April 1986, 
our department had ten modern, efficient gamma spectrometers, 
ten low-background beta counters, two capable of making ten 
simultaneous sample counts, four liquid scintillation counters 
and three alpha spectrometers with four detectors each. The 
Department also has two whole body counters, one of them mobile. 

Table IV. The organization of the Surveillance Department. 

Laboratory for Natural Radiation 
- non-occupational exposure section 
- occupational exposure section 
- measuring section 

Laboratory for Radionuclide Monitoring 
- fall-out section 
- nuclear power section 
- radiation hygiene section 

Emergency section 

Research station in northern Finland 

Special projects 

Office + services 

The main field of interest of the Laboratory for Natural 
Radiation is radon and its daughters in dwellings and in the 
working environment. The Laboratory for Radionuclide Monitoring 
is responsible for moni taring and radioecological studies of 
man-made radionuclides in the environment. The main field of 
the Emergency Section is the planning of operations in an accident 
situation. The Department's research station in northern Finland 
has its laboratory in Rovaniemi, the capital of Lapland. The 
station concentrates mainly on the monitoring and radioecology 
of the special conditions in northernmost Finland. 

- 182 -



In a large scale, long-lasting emergency situation the 
Surveillance Department can be ordered to form a central emergency 
laboratory and three regional laboratories; the existing 50 
local laboratories will then be subordinate to them. 

The fallout situation following the Chernobyl accident 
was not such a large-scale emergency situation, but it led to 
mobilization of the whole personnel of the Surveillance Department 
to measure and analyse environmental contamination. In the 
Laboratory for Radionuclide Moni taring ten extra persons were 
engaged almost immediately, and also extra funds were appropriated 
for instrumentation and equipment. Several thousand air, water, 
soil and food samples were analysed as well as several hundred 
people. 

As a result, it has been estimated that the annual mean 
committed effective dose equivalent caused by the Chernobyl 
accident in Finland was about 0.4 millisievert in the first year 
after the accident. From the same source, the mean total exter
nal-plus-internal dose equivalent commitment could be roughly 
estimated to be 2 millisievert /2/. 

The research station in northern Finland has also been 
fully occupied with the environmental fallout from Chernobyl, even 
if the amount was very minor compared with that in central 
Finland. This research station is the first of our three regional 
laboratories. In a large-scale emergency situation these three 
laboratories will have several mobile laboratories or measuring 
units, and they will organize and coordinate the work of local 
laboratories. 

2.2 Local laboratory network 

In the mid- 1960s some food laboratories were also obliged 
to prepare themselves to monitor radioactivity in food. These 
laboratories, at present about 50, were initially equipped 
with a geiger counter. The laboratories are now called local 
laboratories in our radiation monitoring laboratory network. 

After about ten years it became evident that these geiger 
counters were out-of-date, and the time-consuming search for a 
new, simple and relatively cheap counter got under way. Scrutiny 
of the scenarios of different nuclear accidents revealed that 
the fallout from these accidents would most probably always 
contain, both beta emitters and gamma emitters. It was therefore 
decided that the old geiger counters should be replaced with 
modern, simple, integrating gamma counters, which would be 
substantially more effective than the old counters. In 1981 
STUK decided to supply all 50 local laboratories with a small 
Nai-detector and an integrating gamma counter. All the detectors 
were also equipped with the same type of background shielding. 
It was then possible to calibrate these counters with sufficient 
accuracy with a gammaspectrometer. A reference source containing 
about 5 kBq of cesium 137 in a 2-litre plastic container was 
supplied with all the counters. By the end of 1985 all the 
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counters had been installed and the heads of the local laborato
ries were given courses in environmental monitoring of radioacti
vity. Then, on April 26, 1986 the Chernobyl accident occurred. 

In 1985 the local laboratory network covered the whole 
of Finland (Fig 3). 

Figure 3. Local laboratory network 
for radioactivity monitoring of 
food in Finland. Laboratories are 
normal food laboratories equipped 
with an integrating gamma monitoring. 

Two intercomparisons, with 
known radiocesium concentra
tions in milk powder conta
minated by the Chernobyl 
fallout, have been made in 
all local laboratories. In 
these intercomparisons, milk 
powder with known, identical 
activity was sent to all local 
laboratories. The results 
were very good. With the 
exception of three to five 
results, all other results 
were within 10% of each other. 

Each sample is always 
measured in a 3-li tre plastic 
container. The sample size 
is 2. 5 li tres. The background 
is measured with a container 
filled with destilled water. 
A series of measurements 
always consists of measure
ments of the background and 
of the sample plus background. 

After the Chernobyl accident, calibration factors for 
milk were frequently prepared for cesium 134 and 137, and during 
the first two months, for iodine 131. Calibration factors are 
determined by comparing the results for isotopic ratios from 
our gammaspectrometric results with our own local laboratory 
monitoring results. The results from local laboratories are in 
surprisingly good agreement with the results of our own country
wide programme. 

During a fresh fallout situation, this type of integrating 
gammameter would in the first weeks, naturally only be usable 
for materials with a limited number of radionuclides, such as milk 
It can also be used for screening different materials acdording 
to their gross gamma counts. With the Chernobyl fallout these 
instruments were used for measuring various other foods, too. 
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This was possible because the main contaminants after two months 
were only Cesium 134 and Cesium 137. 

At present we are testing some simple multichannel spectro
meters which use a sodium iodine detector. There are plans to 
instal these gammaspectrometers in some of the larger food 
laboratories. 
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ABSTRACT 

The "Precautionary Radiological Protection Act" passed by the German Par
liament has laid the foundation for the "Integrated Measurement and Infor
mation System for the Surveillance of the Environmental Radioactivity" 
(!MIS) which is currently in preparation. The task of this system is the 
continuous surveillance of the environmental radioactivity. With this it 
provides in the case of events that are potentially of significant radiolo
gical impact the informative basis for appropriate measures which can be 
introduced by competent authorities. The requirements to be met by the mea
surement systems and the environmental fields which are controlled by the 
various networks are described, as well as the various tasks which have to 
be fulfilled by the institutions involved in this system. The requirements 
to be met by the data processing system which makes the fast information 
technically possible are explained as well as the different modes of opera
tion of the total system. 

SYSTEME INTEGRE DE MESURE ET D'INFORHATION POUR LA SURVEILLANCE 
RADIOLOGIQUE DE L'ENVIRONNEHENT DANS LA REPUBLIQUE FEDERALE D' ALLEMAGNE 

RESUME 

La Loi sur la prevention a des fins de radioprotection (Strahlenschutzvorsorge
gesetz) promulguee par le Parlement federal definit les principes sur lesquels 
repose le systeme integre de mesure et d'information pour la surveillance ra
diologique de l'environnement (!MIS) qui est en cours d'elaboration. Ce systeme 
a pour objet d'assurer la surveillance permanente de la radioactivite dans 
l'environnement. Il offre en outre, dans le cas des evenements qui sont suscep
tibles d'avoir des incidences radiologiques importantes, les elements d'infor
mation permettant aux autorites competentes de prendre les mesures appropriees. 
La presente communication decrit les conditions auxquelles doivent repondre 
les systemes de mesure et les parties de l'environnement qui sont controlees 
par les divers reseaux, de meme que les diverses taches dont doivent s'acquit
ter les institutions associees a ce systeme. Elle expose les conditions que 
doit remplir le systeme de traitement des donnees pour que la transmission 
rapide de !'information soit techniquement possible, ainsi que les differents 
modes de fonctionnement du systeme dans son ensemble. 
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1. Introduction 

On December 19, 1986, the German Parliament (Deutscher Bundestag) passed 
the "Act on the Precautionary Protection of the Population against Radia
tion Exposure" (Precautionary Radiological Protection Act; Strahlenschutz
vorsorgegesetz-StrVG). For the radiation protection of the public this Act 
has been assigned for the purpose 

to survey the environmental radioactivity, and 

to keep both radiation exposure of man and radioactive contamination of 
the environment as low as possible by introducing appropriate measures 
in the event of an incident of potential radiological impact. 

For the purpose of monitoring the environmental radioactivity, this Act has 
laid the basis for an "Integrated Measurement and Information System for 
the Surveillance of the Environmental Radioativity, (IMIS)" which is cur
rently in preparation. This system is a far field monitoring system and 
completes the already existing near field monitoring systems in the vicini
ty of nuclear facilities. 

The overall concept of the system is designed in a way that the data ob
tained and processed in the measuring networks will provide a continuous sur
vey of the prevailing radiological situation, and, in the event of an inci
dent, the informative basis for appropriate measures which can be intro
duced by the competent authorities. 

2. Tasks of the Integrated Measurement and Information System (IMIS) 

The concept provides for the following tasks of the "Integrated Measurement 
and Information System" to be acted upon: 

continuous surveillance of the environmental radioactivity 

early detection and assessment of events that are of potentially 
significant radiological impact (early warning) 

upon occurence of such an event, continuous comprehensive information 
about the actual radiological situation and assessment of the actual 
consequences, and 

accumulation of knowledge about the ensuing radiological situation and 
related consequences. 

In view of these tasks, the overall system has been designed to meet the 
following requirements: 

permanent measurement of radioactivity in the required environmental 
fields 

speedy processing of measured data and communication to the appropriate 
authorities for further analysis 

- 187 -



forecast of potential future developments of the radiological situa
tion 

accumulation of currently known data and information as a basis for 
speedy evaluation and decision making. 

3. Allocation of tasks within and Information 

The task to be accomplished mainly involves existing Federal and State au
thorized institutions and organisations (Fig 1). 

According to this scheme, the different environmental fields mainly concer
ned with the large-scale transport of radioactive substances are controlled 
by Federal Measurement Networks: 

German Weather Service (Deutscher Wetterdienst; DWD): 
air and precipitation 
Federal Environmental Office (Umweltbundesamt; UBA): 
air 
(Fig. 2a) 

Federal Office for Civil Defence (Bundesamt fur Zivilschutz; BZS): 
local gamma-dose-rate, ground surface deposition 
(Fig. 2b) 

Federal Institute for Hydrology (Bundesanstalt fur Gewasserkunde; BfG): 
surface waters of the Federal waterways other than coastal waters 
(Fig. 2c) 

German Hydrographic Institute (Deutschas Hydrographisches Institut; DHI): 
surface water of the North Sea and the Baltic Sea, including coastal 
waters 
(Fig. 2d) 

All data collected by the Federal Measurement Networks are gathered in the 
Central Federal Agency for the Surveillance of the Environmental Radioacti
vity (Zentralstelle des Bundes fur die Uberwachung der Umweltradioaktivi
tat; ZdB) at the Institute for Radiation Hygiene (Institut fur Strahlenhy
giene; ISH) of the Federal Health Office (Bundesgesundheitsamt; BGA). 

The surveillance of specific activity in other environmental fields such 
as 

foodstuffs, tobacco products, commodities, medical drugs and their 
basic substances 
animal feed 
drinking water, groundwater and surface waters (except Federal wa
terways) 
sewage, sewage sludge, residual and waste material 
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soil and plants 
organic fertilizer 

is carried out by 43 state measurement agencies linked together into 11 
State Networks of the individual Federal States. 
The 11 Federal States are: 

Baden-Wurttemberg 
Bay ern 
Berlin (West) 
Bremen 
Hamburg 
Hessen 
Niedersachsen 
Nordrhein-Westfalen 
Rheinland-Pfalz 
Saarland 
Schleswig-Holstein. 

All data collected by the State Networks are again first gathered in the 
Central Federal Agency for the Surveillance of the Environmental Radioacti
vity and then forwarded electronically for checking and processing to so
called Guiding Agencies for the Surveillance of the Environmental Radioac
tivity. These agencies are: 

Federal Institute for Hydrology (BfG): 
surface water except Federal Waterways 

Federal Research Institute for Nutrition (Bundesforschungsanstalt fur 
Ernahrung; BfE): 
foodstuffs (except milk and milk products, fish and fish products) 

Federal Institute for Milk Research (Bundesanstalt fur Milchforschung; 
BfM): 
milk, milk products, soil, plants, animal feed, organic fertilizer 

Federal Research Institute for Fishery (Bundesforschungsanstalt fur 
Fischerei; BfF): 
fish, fishproducts, crustacea, mollusca 

Institute for Water, Soil and Air Hygiene of the Federal Health Office 
(Institut fUr Wasser-, Boden- und Lufthygiene des Bundesgesundheits
amtes; BGA/WaBolu): 
drinking water, groundwater, sewage, sewage sludge, residual, waste ma
terial 

Institute for Radiation Hygiene of the Federal Health Office (BGA/ISH): 
tobacco products, commodities, medical drugs and their basic substances 

After checking and processing, the data are electronically returned to the 
Central Federal Agency for the Surveillance of the Environmental Radioacti
vity for further processing. 
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This Central Federal Agency has been assigned the task to summarize, pro
cess and document all data for the Federal Minister for the Environment, 
Nature Conservation and Nuclear Safety (Minister fUr Umwelt, Naturschutz 
und Reaktorsicherheit, BMU). 

The Central Federal Agency is additionally assigned 

to provide the State authorities with data from the Federal Net
works 

to coordinate the international exchange of data between the Fede
ral Republic of Germany and supranational and international orga
nisations (CEC, IAEA) 

to develop models permitting an early assessment of radiation ex
posure 

to define and develop parameters and programmes required for the 
whole system 

To fulfil the third task, namely "to develop models permitting an early as
sessment of the present and the future exposure" the National Center for 
Radiological and Environmental Research (Gesellschaft fUr Strahlen- und Um
weltforschung; GSF) has been entrusted with the task to enlarge the exi
sting radioecological model ECOSYS in a way that it can process forecasted 
as well as measured concentrations arriving from the various networks. On 
the basis of these data short term exposures shall be assessed as well as 
long term exposures, when appropriate models of progress were applied. Also 
potential measures shall be taken into account; this shall be done to find 
out an optimal measuring strategy. This model, PARK, is currently in prepa
ration. 

The Federal Minister for the Environment, Nature Conservation and Nuclear 
Safety makes the final evaluation of the radioactivity data and gives cor
responding recommendations. The Central Federal Agency assists the Minister 
in the performance of this duty. The Minister submits a report on the state 
of environmental radioactivity to the Federal Parliament (Bundestag) and 
the Federal Council (Bundesrat). He informs the media and the public. 

To carry through these steps technically, a modern data processing informa
tion system will be established, so that 

the measured data will be very quickly processed, analysed and communica
ted to the participating authorities, 

- the necessary forecasts will be made promptly, and 

- the accumulated data and information will be very rapidly communicated to 
allow for immediate evaluation and decision. 

- 190 -



4. Modes of Operation of the System 

According to the situation encountered, the following modes of operation 
apply: 

normal operation 
intensive operation 
sectional intensive operation. 

These modes differ by frequency of sampling, measuring and data transfer 
which, compared to normal operation, are heavily increased during the inten
sive mode of operation. 

The change from normal to intensive mode of operation and reverse is acti
vated by the Minister for the Environment, Nature Conservation and Nuclear 
Safety on the basis of 

the system report itself, due to exceeded thresholds; such a re
port to undergo various steps of verification in order to avoid 
false alarm 

information transmitted by trusty indicators about a radiological
ly relevant event. 

Depending on the prevailing situation, it must be decided which measurement 
system is to be switched over to intensive operation. · 

5. Conclusion 

The establishment of an "Integrated Measurement and Information System for 
the Surveillance of the Environmental Radioactivity" provides for an early 
detection of possible future events of radiological impact on the popula
tion of the Federal Republic of Germany, and for a rapid and inclusive flow 
of information between the measurement agencies and those responsible for 
assessing the situation, so that the appropriate countermeasure can rea
dily be introduced. 
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LE SYSTEME DE SURVEILLANCE FRANCAIS 
ETABLI PAR LE SCPRI 

J. Chanteur, P. Pellerin 
Service Central de Protection 

contre les Rayonnements Ionisants 
Le Vesinet, France 

RESUME 

Cette communication decrit succinctement le systeme de telesurveillance 
radiologique du territoire fran~ais mis en place par le SCPRI et les moyens 
dont dispose ce service pour faire face a ses missions en situation normale 
comme en situation de crise. Elle n'aborde pas le dispositif de controle radio
logique reglementaire permanent des installations nucleaires elles-memes, qui 
est tres developpe mais n'entre pas directement dans le cadre du sujet traite. 

THE FRENCH MONITORING SYSTEM 
SET UP BY THE SCPRI 

ABSTRACT 

This paper provides a brief overview of the national radioactivity 
monitoring system established in France by the SCPRI. The authors describe 
the resources available to SCPRI services for use both in normal conditions 
and in the event of emergencies. The article does not discuss the highly 
organised system of standing arrangements for statutory radiation monitoring 
at nuclear sites, which is outside the scope of this paper. 
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I. MISSIONS ET HOYENS 

Le Service Central de Protection contre les Rayonnements Ionisants 
(SCPRI) est un organisme a vocation interministerielle (Travail, Sante, Envi
ronnement, Interieur et Defense Nationale), dont les missions reglementaires, 
recapitulees dans le decret du 18 avril 1988, sont essentiellement les 
suivantes 

Effectuer des recherches en radioprotection, notamment sur l'eta
blissement des normes, les methodes de mesure, la prevention et le 
traitement des effets des rayonnements ionisants ; 

Proposer aux ministres concernes toute mesure pouvant ameliorer la 
radioprotection ; 

Determiner si la radioactivite ou les rayonnements presentent un 
risque pour la sante de la population ou des travailleurs et 
controler !'observation de la reglementation en la matiere ; 

Contribuer a la formation et a !'information en radioprotection 

Enfin, organiser la veille permamente et, en cas d'accident, 
proposer les mesures a prendre sur le plan medical et sanitaire. 

La surveillance permanente, qui fait !'objet de cet expose, est 
etroitement liee aux moyens de mesure et d'intervention en situation normale, 
comme en situation accidentelle. 

Nous commencerons done par la presentation rapide de ces moyens tant 
fixes (figures 1 a 4), que mobiles (figures 5 a 10). 

Ces moyens sont, bien entendu, completes par ceux des exploitants nu
cleaires (CEA et ses filiales, EDF), qui sont tenus par la reglementation de 
transmettre leurs resultats au SCPRI : 

En situation normale, au titre de la surveillance reglementaire des 
installations, ainsi qu'en vue de !'application de !'article 35 du 
Traite EURATOM. 

En situation de crise, pour lui permettre !'integration necessaire a 
l'exercice de sa mission de conseiller technique du Prefet dans le 
cadre du plan particulier d'intervention (PPI). 

A cet effet, le SCPRI est relie a tous les grands sites nucleaires 
fran9ais par !ignes telephoniques speciales, par telex (2 systemes indepen
dants) et par telefax, avec recours possible aux moyens aeriens de la securite 
civile. 

II. OBJECTIF DU SYSTEHE 

L'interet essentiel des moyens d'intervention et de mesure de la dimen
sion de ceux dont dispose le SCPRI reside dans leur mise en oeuvre la plus 
precoce, au bon endroit, de toute leur puissance. Ils doivent done, en amont, 
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etre eclaires par un systeme de veille permanente aussi performant qu'eux
memes. Tel est l'objectif du reseau de telesurveillance, en temps reel, con9u 
par le SCPRI. Ce reseau fonctionnait deja depuis plus de quinze ans, mais sans 
telemesure. Cette derniere est maintenant operationnelle depuis trois ans. 

L'objectif du reseau national de telemesure radioactive developpe par 
le SCPRI est d'assurer la surveillance permanente du territoire afin de per
mettre aussi precocement que possible la prise de decisions sanitaires even
tuellement necessitees par une elevation anormale de la radioactivite, 
localement ou sur !'ensemble du pays. 

Ces decisions, en cas d'incident nucleaire, vont de la simple restric
tion alimentaire ou de l'eau potable, jusqu'au confinement dans les habita
tions, en passant, mais seulement dans les cas tres rares reellement justi
fies, a la distribution eventuelle locale d'iode stable. 

III. DESCRIPTION DU SYSTEKE 

A cette fin, le SCPRI a con9u un type de cabines de mesures (Figure 11) 
qui sont des a present installees dans les services meteorologiques des aero
ports de 15 villes fran9aises. Courant 1990, ce nombre sera porte a 40. 

La mesure est effectuee d'une part par 2 compteurs GM places devant un 
filtre de papier qui se deroule devant la buse d'aspiration (Figure 12) grace 
a un mouvement d'horlogerie. Le premier GM est situe exactement devant la 
tremie d'aspiration. Il donne la radioactivite instantanee des poussieres 
atmospheriques. Le second GM est atteint 12 heures plus tard, ce qui permet la 
decroissance suffisante des principaux radioelements naturels a vie courte. Le 
seuil de mesure est de l'ordre d'un dixieme de becquerel par metre cube d'air, 
tres suffisant pour les besoins de la sante publique. 

D'autre part, deux balises gamma sont incorporees a la cabine 

La premiere, a haute sensibilite (1 microrad/heure) 

La seconde, de sensibilite "securite civile" a un seuil de 
10 millirads par heure. 

Au Vesinet, un ordinateur interroge a distance !'ensemble des capteurs 
de ces cabines, par "Modem", heure par heure, nuit et jour, et en presente les 
resultats sur un ecran video (Figure 13). 

En tout, 16 parametres (2 voies radioactives, temperatures externe et 
interne, pression atmospherique, depression sous le filtre, 2 sondes gamma, 
vitesse et direction du vent au sol, precipitations, conditions de transmis
sion des informations) sont ainsi transmis, et enregistres en permanence au 
Vesinet. 

La sensibilite de ce dispositif est grande. Elle permet d'abord, en 
situation normale, de retrouver a l'echelle du territoire, les grandes fluc
tuations locales, bien connues, de la teneur de !'atmosphere en radon, gaz 
radioactif naturel descendant du radium. On voit ainsi frequemment, en par
ticulier lors des anticyclones, augmenter ce radon a l'air libre jusqu'a 100 
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ou 200 becquerels par metre cube, traduisant du meme coup le blocage au sol 
des pollutions de toutes natures dont il est le meilleur indicateur (la Sante 
Publique va d'ailleurs, en liaison avec la Meteorologie Nationale, utiliser 
cet indicateur, sur le plan de l'hygiene generale, comme indice sanitaire 
general de la pollution atmospherique). 

Un dispositif additionnel comportant, dans chaque cabine, un aspirateur 
independant, une cartouche filtrante au charbon, et un discriminateur a deux 
voies peut etre declenche a tout moment depuis le Vesinet pour faire simultane
ment, sur l'ensemble du pays, une spectrometrie simple permettant en quelques 
minutes, la recherche et le dosage des deux isotopes artificiels, l'iode et 
les cesiums radioactifs, qui signeraient !'existence d'une situation anormale 
au niveau d'une installation nucleaire (qu'elle soit nationale ou etrangere) 
et qui, en fonction de leurs niveaux, sont determinants pour la sante, avec un 
seuil de 0,5 Bq/m3 pour l'iode 131 et de 1 Bq/m3 pour le cesium 137. 

C'est le veritable tableau debord de la surveillance radioactive du 
territoire fran~ais en temps reel. 

Il n'est pas inutile de souligner que seules comptent, dans un tel 
systeme, les qualites des detecteurs. Celles-ci n'ont pas sensiblement varie 
depuis de nombreuses annees. L'exploitation informatique n'est pas un perfec
tionnement de la sensibilite. Elle n'est qu'une commodite. Cette remarque est 
importante au moment ou des pressions commerciales tres discutables sont exer
cees aupres des collectivites locales par des constructeurs peu scrupuleux qui 
presentent comme decisifs ces aspects accessoires et abusent ainsi de la con
fiance des personnes mal armees pour en juger, gaspillant ainsi d'importants 
credits aux depens d'investissements prioritaires en Sante Publique. 

IV. CONCLUSION 

Les donnees de cette surveillance, exercees sous l'autorite de l'Etat, 
sont rendues publiques par l'intermediaire des rapports edites par le SCPRI, 
de ses communiques hebdomadaires ou exceptionnels, du repondeur telephonique 
de la Sante Publique : 

(1) 39 76 78 18 et du dispositif MINITEL : 36 14 KAGNUC. 

Une information scientifique complementaire est diffusee en permanence 
par le SCPRI au numero (1) 39 76 38 38. 
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Fig. 9 - Voi ture-rail: 32 postes Gemini 
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The organisation of Technical Information in the Netherlands. 
(25-06-89) 

D.Hoogendoorn, L.van Mourik, A.H.Dal 
Ministry of Housing, Physical Planning, and Environment. 
State Health Inspectorate. 
Enforcement of Nuclear Energy Act Section. 
Dr. van de Stamstraat 2. 
Leidschendam. 
The Netherlands. 

Based upon the evaluation of the response during the 
Chernobyl accident the Dutch Government initiated a 
nationwide project in 1987, in which not only all the 
governmental organisations participated, but which also 
for instance reflected Dutch nuclear industries, and in 
particular the institutes specialised in radiological 
monitoring. An inventory of the potential measuring 
capacity in the Netherlands showed a large scattering 
over many Departments. To resolve this situation the 
project on nuclear emergencies resulted in a coordination 
plan which clarifies not only the responsibilities of the 
involved Ministries, but which also describes the 
organisation for Technical Information. The first results 
have been presented to the Dutch Parliament in early 
1989. 

This National Plan takes into account not only 
accidents with nuclear plants, but also with other 
objects. Based upon the possible size of accidents and 
the related consequences these objects have been 
categorized as A or B objects. 

For the category A objects the emergency response 
coordination will be effected on a national level, 
whereas the local government will take charge in case of 
accidents with category B objects. 

In the category A, objects like nuclear plants, 
ships propelled by nuclear energy, satellites that use 
nuclear power, and nuclear defence material are listed; 
the category B consists of objects like Uranium
enrichment plants, facilities for processing and storage 
of radioactive waste, installations for the production or 
use of radioactive material, and transports of 
radioactive material. 
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A strong hierarchic national structure for the early 
and intermediate phase of category A accidents is 
recommended, whereby the total organisation of technical 
information will be commanded by a Technical Information 
Group(TIG). This group, operating at the national level, 
will provide the Management Team consisting of ministers 
or high ranking civil servants with information and 
advises on protective actions. The National Plan provides 
intervention levels for direct protective measures, and 
derived intervention levels for the ingestion pathway 
e.g. food and drinking water. 

In the technical information organisation a number 
of institutes specialised in coordinating radiological 
monitoring have been appointed as Support Centres ( SC) • 
These centres will, under supervision of the TIG, collect 
and validate the measurementdata in their specific 
compartment, e.g. air, ground, water,etc. Furthermore the 
Royal Dutch Meteorological Institute is added to the list 
of eight Support Centres to provide the necessary 
meteorological data needed as inputparameters for 
computercalculations on the dispersion of the 
radiological release. 

A project has been initiated in the beginning of 
1989 to set up a central Information- and Documentation 
Centre (IDC), as a special support facility for the TIG. 
The purpose of the IDC will be to process all the data 
from the different Support Centres, and to calculate for 
instance the total dose resulting from the measurements 
in the different compartments. In this project the data 
necessary for advises on protective measures in the 
several phases of an accident are defined, as well as the 
hardware and software needed to process the data into 
usable formats. 

The Technical Information group consists of 
(radiological) experts on environment, public health, 
agriculture and foodstuffs, (drinking )water, reactor 
safety, labour protection, meteorology, and emergency 
response. The members are mostly representatives of the 
Support Centres. The chairman is provided by the State 
Health Inspectorate of the Ministry of the Environment. 

To define when activation of the TIG will be 
necessary a coordination system of government response 
has been developed. Classification of accidents with 
category A objects is linked to this coordination system. 
For nuclear power plants the IAEA classification system 
is adopted which provides four different ratings of 
emergencies, namely emergency standby, plant emergency, 
site emergency, and off site emergency. On basis of this 
emergency classification system the TIG will be activated 
in case a site or an off site emergency occurs in a plant 
within Holland or close to the dutch borders. 

In the recovery phase the hierarchic structure will 
smooth into coordination by the National Institute of 
Public Health and Environmental Protection(RIVM). 
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For the category B accidents technical support for 
the local authorities is guaranteed by this institute and 
the Ministry of the Environment. Possible upscaling of 
category B accidents to a national level has been taken 
into account. 

To define the use of the monitoring organisation in 
case of category A and B accident a project on monitoring 
strategies has been set up, which focuses on the 
collection of the data. Firstly this project will deal 
with major accidents in nuclear power plants, and will 
describe which measurements have to be done, and also 
how/where/when, in the early, intermediate, and recovery 
phase. Also the density of automatic measurement stations 
to signalize and measure radioactivity, and the use of 
predesignated points for mobile monitoring teams and 
sampling will get attention. After having defined the 
monitoring organisation and equipment needed in case of 
accidents with nuclear power plants, the other objects 
will be dealt with. 

On the whole a lot of effort has been and is still 
being put into effect to provide workable means. In this 
respect the standardisation and harmonisation of 
monitoring technic and sample collection, the furnishing 
of a monitoring plane and the installation of automatic 
stationary monitoring posts may be mentioned. Furthermore 
the National Institute of Public Health and Environmental 
Protection is working out contracts with leading 
universities and institutes in the radiological field to 
ensure comparable measurement results. 

The overall project on nuclear emergencies is 
scheduled to be finished at the end of 1990. 

The organisational structure of technical information. 

I Management Team 

I 
Nuclear I TIG I Foreign 

I I Facility Countries 

IAEA 

I IDC I 
I I I I I I 
sc I I sc I I sc I I sc I I sc I sc I 
I I I I I I 
Monitoring Teams I Institutions I Networks /etc. I 
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REALISATION D'UN RESEAU DE CONTROLE TELEHETRIQUE DE LA RADIOACTIVITE 
AUTOUR DES SITES DES INSTALLATIONS NUCLEAIRES 

ET SUR LE TERRITOIRE BELGE (TELERAD) 

J.P. Samain 
Inspecteur general 

Service de Protection contre les radiations ionisantes 
Ministere de la Sante publique et de l'Environnement 

RESUME 

Il est propose un reseau structure autour de chaque site nucleaire 
(Doel, Tihange, Mol, Fleurus), dont les informations sont ensuite rassemblees 
dans un centre national situe a Bruxelles. 

Ce reseau comprend la mesure : 

de parametres d'emission et d'exploitation fournis par les appareils 
de l'exploitant ; 
de parametres meteorologiques susceptibles de permettre !'apprecia
tion de la situation locale, y compris au moyen de modeles de 
dispersion ; 
du debit de dose dans l'environnement (immission) ; 
de parametres d'immission dans l'eau de la Meuse et de l'Escaut. 

Des moyens mobiles de mesure de la radioactivite sont egalement prevus 
pour assurer des taches complementaires. 

RADIATION MONITORING NETVORK ( "TELERAD") FOR THE AREAS 
SURROUNDING NUCLEAR SITES AND THE BELGIAN TERRITORY IN GENERAL 

ABSTRACT 

It is proposed to structure a network around each nuclear site (Doel, 
Tihange, Mol, Fleurus) to collect data which would then be consolidated at a 
National Centre in Brussels. This network would measure: 

emission and operational parameters from data provided by the 
operator's equipment; 
meteorological parameters with which to assess the local situation, 
possibly using dispersion models; 
environmental dose rates (environmental quality); 
Meuse and Scheldt water quality parameters. 

The proposal also includes mobile radioactivity measurement apparatus 
for additional monitoring. 
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Introduction. 

Les objectifs du reseau sont definis comme suit : 

a) information directe, immediate et autonome des autorites 
publiques (Ministere de la Sante publique et de 
l'Environnement) sur tous les rejets radioactifs des quatre 
sites nucleaires situes sur le territoire belge, et 
information indirecte sur les rejets des sites 
transfrontaliers (Chooz, Gravelines, Borssele, Cattenom) ; 

b) controle permanent et en temps reel du respect des limites de 
concentration des rejets, fixees par les autorisations d'ex
ploitation ; 

c) acquisition de donnees complementaires pour l'evaluation de 
l'exposition radiologique de la population, et identification 
des eventuelles necessites complementaires de controle de 
l'environnement (p.ex. chaine alimentaire) dans la 
surveillance radiologique existante ; 

d) correlation entre les niveaux de radioactivite, d'une part, 
dans les rejets et, d'autre part, dans l'environnement, et 
evaluation de la validite des modeles de dispersion atmosphe
rique en fonction de la configuration locale sur chaque site ; 

e) en situation d'urgence, information rapide et evaluation des 
dangers potentiels pour la population, afin d'arreter les 
contre-mesures adequates. 

A la suite de l'accident de Tchernobyl, on a ajoute a ces 
objectifs la necessite de disposer d'informations relatives 
aux pollutions radioactives transfrontalieres, afin de 
detecter la contamination du territoire. 
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DESCRIPTION DU RESEAU. 

Pour atteindre les objectifs decrits dans la note, le Syndicat 
d'etudes TELERAD, qui a execute !'etude de faisabilite, 
propose un reseau structure autour de chaque site nucleaire et 
dont les informations sont ensuite rassemblees dans un 
centre national. 

A. Sur chacun des quatres sites nucleaires (Doel, Tihange, 
Mol et Fleurus), il est prevu 

1. une mesure de quelques donnees d'emission 
plus pertinentes faisant essentiellement 
appareils existants deja utilises par les 
des sites nucleaires ; 

parmi les 
appel aux 

exploitants 

2. une mesure de parametres d'exploitation pour interpreter 
les donnees d'emission ; 

3. une mesure de debit de dose gamma dans l'environnement 
au moyen d'appareils repartis en deux anneaux le 
premier situe a proximite immediate des installations 
(I.M.R.) et le second implante dans les centres habites 
dans un rayon de 10 km (I.M.A.) ; 

4. une station meteorologique complete comportant un sodar 
et une instrumentation adequate pour apprecier la 
dispersion atmospherique y compris au moyen de 
modele(s). Les sites frontaliers sont equipes de 
mini-stations en raison de sa configuration 
particuliere, le site de Tihange est aussi equipe de 
plusieurs mini-stations, outre la station principale. 

Toutes les mesures sont collectees, pretraitees et stockees 
dans une unite locale de calcul fonctionnant de facon 
totalement automatique. Cette unite locale a egalement 
pour fonction de detecter une situation d'accident, definie 
par le depassement de seuils d'alarme predetermines et de 
transmettre cette alarme aux personnes interessees via, 
eventuellement, le Centre National. 

Les differentes composantes du reseau de mesure apportent 
des informations qui repondent a un ou plusieurs des 
objectifs tels qu'ils ont ete precedemment decrits: 

OBJECTIF N•1. 

- Les mesures a !'emission donnent directement et en temps 
reel des informations sur les rejets des installations 
nucleaires belges aussi bien en routine qu'en cas 
d'accident. 
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- Les mesures a l'immission ne donnent que des informations 
indirectes sur les rejets des installations nucleaires 
belges, frontalieres ou, en general, situees a plus 
grande distance, en cas d'accident uniquement, via la 
mesure des retombees dans l'environnement. 

OBJECTIF N°2. 

- Les mesures a l'emission permettent un controle immediat 
et permanent des rejets dans le cadre des autorisations 
d'exploitation (routine). 

- Les mesures a l'emission et les donnees meteorologiques 
contribuent a l'evaluation de la dose-population en 
routine. 

- Les donnees meteorologiques locales, en serie sur une 
longue periode, constituent l'information necessaire pour 
construire un modele de dispersion adapte a la 
configuration de chaque site. 

- La validation des modeles construits sur la base des 
donnees d'emission, d'immission et de meteorologie est 
essentiellement limitee aux cas d'accident. 

OBJECTIF N°5. 

- Les mesures a l'emission, assurent (aussi loin que 
possible en amont de l'installation) une prefonction 
d'alarme tout comme les mesures d'immission (mais apres 
les rejets) en cas d'accident. 

- Les mesures a l'emission, a l'immission et 
meteorologiques jouent un r5le dans la rapidite de 
l'evaluation en cas d'accident et l'orientation des 
mesures supplementaires dans l'environnement, en utili
sant les moyens mobiles. 

- L'information meteorologique est une necessite pour 
l'exploitation et pour l'evaluation des donnees 
d'immission en situation accidentelle. 

Si on ne devait disposer que de mesures a l'immission, les 
objectifs 2 et 3 ne seraient pas atteints tandis que les 
autres ne seraient atteints que dans une mesure fort 
reduite. 
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B. Les donnees provenant des quatre unites locales de calcul 
sont centralisees au Centre National de Calcul qui est 
exploite par le Ministere de la Sante publique et de 
l'Environnement. De plus, l'unite de calcul de ce Centre 
National est utilisee pour le traitement des donnees prove
nant des appareils de mesure du debit de dose gamma dans 
l'environnement, utilisee pour la surveillance des instal
lations etrangeres proches des frontieres (Chooz, 
Gravelines, Borssele, Cattenom), comme pour celle des 7 
postes (2 dans la province du Luxembourg, 1 dans la provin
ce de Liege, 2 dans la province du Limbourg, 1 a Bruxelles 
et 1 a Gand) qui ont ete rajoutes ala suite de l'accident 
de Tchernobyl, afin de permettre un quadrillage du terri
toire national. 

Le Centre National de Calcul a egalement pour mission 
d'effectuer les calculs statistiques requis sur la base des 
series de mesures et de tester des modeles de calculs 
(diffusion, dose, •.. ), de developper des nouvelles applica
tions logicielles a implanter sur les unites locales de 
calcul. 

La transmission des donnees, entre le Centre National d'une 
part, et les unites locales ou les postes de mesures 
d'autre part, se fait exclusivement par le reseau DCS de la 
R.T.T. 

C. Des moyens mobiles de mesure de la radioactivite sont 
egalement prevus pour assurer des taches complementaires 
dans le cadre des programmes existants de surveillance 
radiologique du territoire. En situation d'accident, ces 
moyens sont utilises, d'abord, pour confirmer puis pour 
completer les resultats des postes fixes d'immission et des 
calculs modelises et, ensuite, pour participer notamment au 
controle de la chaine alimentaire, qui est essentiel. 

Ils comprennent : 

1° des vehicules legers d'intervention equipes d'appareils 
autonomes pour la detection des rayonnements, et, de 
dosimetres et d'appareils pour l'echantillonnage ; 

2° des laboratoires mobiles mesure equipes 
similaires et d'appareils de spectrometrie 
leurs unites de traitement de donnees ; 

d'appareils 
fine avec 

3° du materiel de detection a grande sensibilite destine a 
etre embarque dans un helicoptere 

D. Des postes de mesure d'immission ont egalement ete prevus 
le long de la Meuse et de l'Escaut. Le travail des releves 
sera effectue, de preference, au depart des postes de 
mesure deja existants, moyennant quelques adaptations. 
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Ce reseau garantit l'independance de l'information destinee aux 
autorites publiques. 

RESEAU "IMMISSION" - IMPLANTATION DES POINTS DE MESURE. 

1. L'implantation des points de mesure a l'immission a ete 
etudiee pour garantir une sensibilite telle qu'en toutes 
circonstances, tout rejet d'une ampleur determinee puisse 
etre detecte. Une optimalisation a ete recherchee, afin de 
mettre ala disposition de l'Administration un instrument de 
mesure aussi fidele que possible. Un modele adequat a ete 
developpe, qui permet de calculer le debit de dose gamma, 
quelles que soient la direction de panache et la topographie 
locale. Une sensibilite m~n~mum de 30 nSv/TBq, pour 
l'isotope le moins detectable dans un rejet de gaz nobles, a 
ete retenue comme critere de conception. 

2. Les postes de mesure sont repartis en deux anneaux autour 
des sites nucleaires. 

Les postes de l'anneau interieur, situe a proximite 
immediate des installations, doivent pouvoir observer des 
rejets provenant d'emissaires connus ou de sources 
imprevues. La sensibilite du systeme reste influencee par 
la situation du point de rejet (sa hauteur notamment) et par 
les conditions meteorologiques du moment (notamment la 
vitesse du vent). 

Les postes de l'anneau exterieur sont implantes dans les 
noyaux agglomeres situes a moins de 10 km des centrales. La 
sensibilite de ces detecteurs places a proximite immediate 
des centrales elle varie de 0,14 a 140 pSv/GBq, selon les 
circonstances atmospheriques. 

Il en resulte que ces detecteurs, situes dans les 
agglomerations, n'ont pas une reponse directement 
proportionnelle au rejet mais qu'ils mesurent le rayonnement 
consecutif a la contamination eventuelle du sol apres le 
passage du nuage. La meme remarque s'applique aux appareils 
frontaliers ainsi qu'a ceux repartis sur l'ensemble du 
territoire national. 

3. Certains postes proposes actuellement ne figurent pas dans 
l'etude remise en fevrier 1986 par le Syndicat d'etudes. 
Toutefois, a l'examen des retombees de l'accident de 
Tchernobyl, il est judicieux de completer le reseau 
"immission" decrit alors, de fa~on a couvrir l'ensemble du 
territoire national. Sept postes supplementaires ont des 
lors ete ajoutes deux dans l'Est de la province de 
Luxembourg, a une distance d'une trentaine de kilometres de 
la centrale fran~aise de Cattenom, un dans l'extreme Est de 
la province de Liege ; deux dans le Limbourg, un dans 
l'agglomeration bruxelloise et un au Nord de l'agglomeration 
gantoise. 
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Le reseau frontalier ceinturant Chooz est, en fait, 
comparable a l'anneau exterieur qui entoure Tihange, alors 
que les postes de surveillance a distance des sites de 
Gravelines, Borssele et Cattenom ont une sensibilite 
beaucoup plus faible, eu egard a la distance nettement plus 
grande. 

FONCTIONNEMENT DU RESEAU. 

1. L'appareil fixe de mesure a l'immission pour la mesure de 
debit de dose gamma dispose de 2 gammes de sensibilite 
l'une, pour la determination de tres bas debits de doses 
rencontres en situation normale ; l'autre, pour la determi
nation de debits de dose plus eleves en situation acciden
telle. En fonctionnement normal, le stations sont interro
gees une fois par jour et transmettent 24 valeurs moyennes 
horaires. En condition accidentelle, les stations sont 
interrogees toutes les 10 minutes. La station de mesure 
communique d'elle-meme les fonctionnements techniques anor
maux et le depassement des niveaux d'alarme predefinis. 

Les appareils de mesure a l'immission sont situes dans le 
voisinage des sites : 

- le long de la cloture du site nucleaire (I.M.R.) 
-dans les agglomerations avoisinantes (I.M.A.). 

Les premiers transmettent leurs donnees par des liaisons 
propres au reseau, pour autant qu'ils soient installes sur 
le domaine du site nucleaire. Les seconds sont raccordes au 
reseau D.C.S. de la R.T.T. 

Les appareils d'immission situes le long des frontieres 
(Chooz, Gravelines, Borssele) sont identiques aux appareils 
"agglomeration". L'interrogation s'effectue directement par 
le Centre National de Calcul via le reseau D.C.S. La 
sequence d'interrogation, dependant des conditions de 
fonctionnement (normal ou accidentel), est egalement 
identique. La situation d'alarme est reconnue par 
l'appareil lui-meme ou par l'exploitant du systeme (en 
l'occurrence, le fonctionnaire, puisque le site nucleaire se 
situe a l'etranger). 

2. Pour definir la capacite diffusive de l'atmosphere quelques 
parametres meteorologiques doivent etre mesures ; les plus 
importants sont le profil vertical du vent (vitesse et 
direction), le profil vertical de la temperature, le volume 
de precipitations, le bilan du rayonnement. Les mesures 
dans le plan vertical doivent atteindre, de preference, une 
hauteur superieure au double de celle atteinte par le plumet 
sortant de la cheminee (environ 400 m). 
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SODAR et FLUX-metre sont equipes de leurs propres proces
seurs qui, non seulement, traitent les donnees de maniere a 
les rendre directement interpretables, mais egalement sui
vent des procedures strictes de validation : les mesures 
suspectes sont rejetees par le processeur. De ce fait, 
!'introduction de ces nouvelles techniques de mesure offre 
l'avantage d'eviter a l'utilisateur de longs processus de 
validation, inherents a l'emploi de mats meteo. 

Des appareils conventionnels de mesures meteorologiques pour 
la determination de la vitesse et de la direction du vent 
sont inclus dans le reseau frontiere. Ils sont couples aux 
appareils de mesure du debit de dose gamma, de maniere a 
obtenir des informations sur l'etalement du rejet 
radioactif. De tels appareils meteorologiques 
conventionnels seront egalement installes dans le voisinage 
du site nucleaire de Tihange. 

3. Des modeles mathematiques sont implantes a !'unite de calcul 
du site nucleaire et au Centre National de Calcul. Ils 
fournissent, en situations normale et accidentelle, les 
informations necessaires pour calculer la dose delivree aux 
populations avoisinantes. Les parametres d'entree (quantites 
emises et meteorologie) peuvent, a volonte, etre introduits 
off-line pour faire des estimations. Ces modeles de calcul 
peuvent etre actives a partir de terminaux graphiques 
interactifs a la disposition du fonctionnaire charge de la 
surveillance. 

LA VALIDATION ET L'ENTRETIEN 

Le Ministere de la Sante publique et de l'Environnement a la 
charge de la validation et de l'entretien. 

L'ensemble du systeme dispose d'un detecteur d'erreur de 
fonctionnement des appareils de mesure, des microprocesseurs 
(acquisition et traitement des donnees, transmission des 
donnees, ..• ) et des unites de calcul. L'analyse des 
informations d'erreurs constitue la base de la validation des 
donnees de mesure, avant leur integration dans la banque de 
donnees, et du maintien de l'etat de fonctionnement de tout le 
reseau. 
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Redondance. 

Tout le reseau de mesure se caracterise par une redondance 
generalisee, de maniere a garantir un taux tres eleve de 
disponibilite, en toutes circonstances. Le principe de 
redondance doit etre respecte dans tous ses aspects. A cette 
fin, les appareils de mesure, s'ils sont dedoubles, seront 
relies aux unites de calcul des sites nucleaires par des 
interfaces differents. Les unites de calcul disposent 
d'ordinateurs dedoubles comportant, chacun, deux unites de 
stockage. De plus, chaque ordinateur possede deux interfaces 
d'acces au reseau D.C.S. (F.E.P.). De meme, le Centre National 
de Calcul est equipe d'ordinateurs dedoubles. Quant aux 
terminaux graphiques interactifs, ils peuvent interroger, l'un 
ou l'autre, des ordinateurs d'un site nucleaire ou du Centre 
National de Calcul. 

Temps d'acces. 

Les ordinateurs et leur logiciel, equipant les sites 
nucleaires, ont, pour premiere tache, la transmission de don
nees vers les terminaux graphiques interactifs employes pour la 
surveillance. Le temps d'acces doit done rester tres court. 
En meme temps, il s'indique d'executer toutes les taches speci
fiques, comme l'acquisition, la reduction et la transmission 
des donnees au moyen d'ensembles de microprocesseurs indepen
dants, de telle maniere que l'unite de calcul soit aussi peu 
chargee que possible, et que l'entretien a distance soit sim
plifie au maximum par l'autosignalisation des defaillances des 
differents microprocesseurs utilises a chaque niveau. 

Utilisation en cas d'urgence. 

La surveillance existante se caracterise par un echantillonnage 
continu mais une mesure discontinue et differee, en labora
toire. 

En situation 
radiologique 
l'exposition 
et massive : 

d'accident par contre, les besoins d'evaluation 
des differents vecteurs qui contribuent a 

des personnes requierent une information urgente 
c'est l'objet du reseau projete. 

Au-dela du controle en continu des rejets de routine (afin de 
s'assurer du respect des limites reglementaires), la prise de 
mesures a l'emission devrait permettre egalement d'estimer tres 
rapidement, par un calcul modelise, la contamination 
potentielle des differents vecteurs. Le calcul fait appel a 
deux familles de parametres : le terme source et les mesures 
meteorologiques. Les mesures a l'emission, y compris celles 
qui concerneraient des parametres d'exploitation, doivent 
encore etre precisees. 
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Les composantes potentielles de la dose a la population sont 

- l'inhalation (contamination de l'air) ; 
- l'irradiation externe (depot au sol et panache) 
- l'ingestion (chaine alimentaire). 

Les mesures a l'immission permettent de suivre, en temps reel, 
l'exposition directe par irradiation externe.terieur de la 
chaine alimentaire (ingestion), qui doit debuter aussi vite que 
possible et doit se poursuivre sur une longue periode. Celui-ci 
reste devolu aux laboratoires, ce qui suppose la collaboration 
des institutions specialisees. 

En dehors de sa fonction de mesure en temps reel, le 'reseau 
"TELERAD" assurerait la fonction fondamentale d'alarme, qui 
doit etre a l'origine du deploiement des moyens d'evaluation du 
risque radiologique par contamination interne (inhalation et 
ingestion). 

Le projet du reseau prevoit une liaison directe du "centre de 
coordination et de crise" du gouvernement avec le systeme 
decrit ici, de facon a ce que les donnees radiologiques y 
soient disponibles en permanence. 
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EMERGENCY ENVIRONMENTAL MONITORING SYSTEM 
IN JAPAN 

M. Oshino 
Japan Atomic Energy Research Institute 

ABSTRACT 

After the TMI-2 accident, the Nuclear Safety Commission 
investigated the technical aspects of emergency response to a nuclear 

accident, and published the guidance on off-site emergency response plan. 
Based on the guidance, local governments revised their emergency 
response plans. 

In the case of nuclear accident, local government set up the 
Emergency Monitoring Center, and monitoring teams are organized. 
According to the phase of the accident, monitoring of radiation level 

and radioactive concentration in air and expanded environmental 
monitoring are performed. For rapid prediction of the expected dose, the 
computer code, SPEEDI. is available. 

SYSTEME DE SURVEILLANCE DE L' ENVIRONNEMENT EN CAS D' URGENCE 
AU JAPON 

RESUME 

A la suite de !'accident survenu dans la tranche 2 de la centrale de 
Three Mile Island, la Commission de la surete nucleaire a etudie les aspects 
techniques de !'intervention en cas d'urgence nucleaire et publie les instruc
tions concernant les plans d'intervention hors site. Les collectivites locales 
ont revise leurs plans d'intervention en fonction de ces instructions. 

Au cas ou un accident nucleaire viendrait a se produire, la collecti
vite locale etablirait un centre de surveillance d'urgence et organiserait des 
equipes de surveillance. Suivant la phase de !'accident, on procederait a la 
surveillance du niveau de rayonnement et de la concentration de radioactivite 
dans l'air ou a une surveillance plus etendue de l'environnement. Le programme 
de calcul SPEED! permet d'obtenir rapidement des previsions sur les doses a 
!'emission. 
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1. Introduction 

Off-site emergency plans to cope with the effects of potential 
nuclear power plant accident have been defined with the Disaster 
Countermesures Basic Low, which includes the counlermesures for natural 
disaster such as typhoons, floods and earthquakes, and certain 
artificial disasters like large scale fire and explosion. In this law, 
the head of each local government is responsible for taking emergency 
actions to mitigate or avoid the effects of the disaster, and to protect 
the public. Relevant ministries and agencies of the government have the 
responsibility to give appropriate advice and support to the local 
government for the implementation of their protective actions. Therefore 
the emergency plan so far was generally arranged according to the past 
experiences for natural disasters and other, and has not been 
incorporated the specific features of nuclear power plant accident. 

Immediately after the TMI-2 accident in 1979, the Central Disaster 
Prevention Control Council reviewed and revised the Emergency Response 
System. At the same time, the Nuclear Safety Commission (NSC) 
investigated the technical aspects of emergency response to a nuclear 
power plant accident, and published the guidance on the off-site 
emergency response plan to the local government 1

' • And the emergency 
monitoring system was one of the most technical problems in the 
emergency response plans. 

In this report, the present status of emergency environmental 
monitoring system in Japan will be described. 

2. Emergency Environmental Monitoring Programme 

2.1 Emergency Monitoring Center 
Emergency Monitoring Center is set up under the Emergency Response 

Headquater of local government. Multiple monitoring teams using 
monitoring cars are organized with the personnel of local government, 
plant operators and the dispatched experts from nominated institutes. 
Organization of emergency monitoring center and communication network 
are shown in Figure 1. 

2.2 Objectives of Emergency Monitoring 
The objectives of emergency environmental monitoring are (a) to 

measure quickly the level of exposure rate and radioactive concentration 
in air and to judge the immediate risk of the public and determine the 
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protective actions to avoid or mitigate radiation exposures for the 
early phase of an accident, and (b) to measure in detail radiation and 
radioactivity in the environment in order to evaluate the level of 
radiological influence on the public and the population dose for the 
later phase of the accident. 

Emergency monitoring for the objective (a) is called "First Phase 
Monitoring", and for the objective (b) is called "Second Phase 
Monitoring" (Table I ) 2 

J. 

Z.3 First Phase Monitoring 
First Phase Monitoring should be started immediately after the 

release of radioactive materials and be conducted quickly. On the site 
boundary and off the site, the fixed monitoring stations are installed 
to monitor continuously the radiation level and radioactive 
concentration in air. And portable continuous monitors are to be set for 
the supplementary measurement. Monitoring cars with various equipments 
also serve in this situation. Aerial survey technique with air-craft is 
also available. 

The data obtained from the monitoring are used to predict the 
exposure to the public by taking into account meteorological conditions 
and the information on the released radioactive materials (release rate 
of activity) from the faulty plant. 

For the rapid prediction of the expected dose, the computer code 
system, SPEEDI (System of Emergency Environmental Dose Information) 3 J, 

has been developed and is available for all sites of nuclear power 
plants in Japan. Operation of the SPEED! is performed in the Nuclear 
Safety Technology Center, and SPEEDI output is connected to the local 
governments. This system can show the predicted exposure distribution 
within ZOO X ZOO km around the release point. 

Z.4 Second Phase Monitoring 
In Second Phase Monitoring, more detailed and expanded 

environmental monitoring will be performed. Food stuff, air, soil, rain 
water and others are sampled for measuring their radioactivity. And the 
influence on the public at present and in future is evaluated with the 
data, that is, individual doses as well as the population dose 
commitment are estimated with the results of this monitoring. 
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3. Instruments 

3.1 Fixed Monitoring 

(1) Ccntrarized Monitoring System 
In Japan, nuclear facilities and local governments have installed 

fixed radiation monitoring apparatuses, so called monitoring post (MP) I 
monitoring station (MS), around the nuclear facilities to monitor 
continuously the level of gamma radiation and radioactivities in air. 
The data observed at these MP and MS are periodically collected by the 
process computer according to the monitoring programme. Figure 2 shows 
the example of the fixed monitoring point covered by the JAERI, JAPCO, 
PNC and lbaraki Prefecture ( local government ) in Tokai district 4 > 

(a) Detectors 
Table ll shows the specifications of detector widely used in Japan 

for the MP and the MS. 
To cover the wide radiation level, from B.G to 0.1 Gy/h, usually 

two methods are applied. One is to use Nai(Tl) with DBM method for lower 
range and pressurized ionization chamber for higher range. Another is to 
use one Nai(Tl) detector which output the signal from DBM in lower range 
and the signal from anode current of PMT in higher range. To flatten the 
energy response in current mode specially designed Pb filter is applied 
to the Nai(Tl) detector. This one detector method is very effective and 
applied also portable MP in JAERI (Table m). 

(b) Data Processing System 
Figure 3 shows the data processing system for environmental 

radiation monitoring in JAERI. 
MP, MS and meteorological data transmitted every one minute using 

high-confidence telephone line for data communication are monitored to 
check abnormalities by dual central processing computer (to prevent the 
luck of data due to computer trouble). If radiation level exceed 0.5 
~Gy/h, the system sound alarm. All data collected by the system are 
recorded, analyzed and displayed by host computer system. 

The host computer system also designed to project exposure rate, 
radioactive concentration in air and effective dose equivalent with the 
release rate of radioactivities and meteorological data. 
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(2) Accumulated Dose Measurement 

To estimate the accumulated dose of public due to abnormal release, 
TLD, PD and FB are additionally distributed considering meteorological 
condition and population to compensate for the routinely distributed 
point in normal operation. Table N shows the specifications of the 
TLD, PD and FB used in emergency monitoring. 

(3) Portable dose rate recording system 
Portable dose rate recording system ( Portable MP ) is available 

to make up for the point where MP/MS can not cover. This portable MP 
can measure and record the gamma exposure from B.G to 0.1 Gy/h with 
battery for 20 hours. Table m shows the specifications of it. 

3.2 Mobile Monitoring System 

For wider area monitoring of gamma exposure rate, carborne and 
airborne monitoring system have been prepared. In case of carborne gamma 
monitoring system, 3" rp X 3" Nal (Tl) on the roof of car make it 
possible to detect sensitively the lower level of radiation. Measured 
results are transmitted to monitoring center by transiver which covers 
about 10 Km radius. Airborne gamma monitoring system is also available. 
The performance of both systems are shown in Tables V and VI. 

4. Dose estimation 

To instruct the appropriate monitoring points for the environmental 
monitoring teams and to decide the protective countermeasures such as 
sheltering, evacuation etc. for the public, the bodies responsible for 
those decision making should be informed of the projected radioactive 
concentration in air or dose equivalent based on atmospheric dispersion, 
metabolism of human and dosemetric model. 

The Nuclear Safety Commission issued the guidelines on the models 
and parameters needed to estimate the meteorological dispersion and the 
dose equivalent of the public for the normal operation of nuclear power 
plant in Japan 10

>
11

> Plume model is usually used for the calculation 
of meteorological dispersion and the example results of concentrations 
and air absorbed dose rates are shown as figures in the Guidance for 
Emergency Environmental Radiation Monitoring published by NSC. Another 
particle in cell model to calculate real time trajectory of the plume is 
used in SPEEDI computer code developed by JAERI to predict the dose 
equivalent of the public in case of accidental release. To calculate the 
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dose equivalent due to the intake of radioactive materials, models and 
parameters of ICRP Publ.23, 30 and 48 are used although the Japanese 
habits of food intakes are taken into account. 

5. Conclusion 

After the TMI-2 accident in 1979, the emergency response plan, 
whjch includes environmental monitoring system, has been reviwed and 
strengthened in Japan. And further improvements of the off-site 
emergency response plan and preparedness are in progress reflecting the 
experiences of the Chernobyl accident. 
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Table I Emergency Environmental Monitoring Program 

Phase Purpose Monitoring items 

Dose Projection of Public Meteorological Items 
Release Rate 

I Decision Making for the Protective Measures Gaama Air Adsorbed Dose Rate 
( Sheltering, Evacuation, etc. ) Concentration of Iodine in Air, 

Leafy Vegetable and Milk 

Precise Monitoring of Wider Area to Project Meteorological Items 
the Dose Equivalent of Public Release Rate 

Gamma Air Adsorbed Dose Rate 
II Restriction of Food Intake Concentration of Radionuclides 

in Air, Drinking Water, Leafy 
Tracking of the Accumulated Radioactivities Vegetable, Milk etc. 
in Environment Accumulated Gaama Air Adsorbed 

Dose 

Table II Centrarized Monitoring System 

Item Instrument Energy Dose Rate Detectors Note 
Range Range 

Low Level 2" </> X2"Nai (Tl) DBM* Module to 
1 nGy/h Scintillator Flatten the 

Monitoring ~0.1 oXiy/h with Pb Filter Energy Dependency 
Gaama Post 
Dose 50 keV 2" </> X2"Nai (Tl) Current Method 
Rate ~ 3 MeV Scintillator 

Monotoring High Level with Pb Filter 
Station 0. 01 nXiy/h 

~0.1 Gy/h High Pressurized 1~20.e Volume 
Ionization ~4 Atmospheric 
Chamber Pressure 

• Discrimination Bias Modulation 
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Table lli Portable Dose Rate Recording System 

I~ 
2" <l> X 2" Nai (Tl) 3" <I> Nai (Tl) 
Cylindrical Spherical 
Scintillator Scintillator ems 

Dose Rate 1 nGy/h 1 nGy/h 
Range ~ 0.05 Gy/h ~4 JJ.Gy/h 

Energy Range 50 KeV,....., 3 MeV 40 KeV ,....., 3 MeV 

Power Supply AC 100 V/Battery AC 100 V/Battery 

Operating 
Time with 20h 15h 
Battery 

Recording Digital Print Analog Recorder 
Method Digital/Analog- Analog Display 

Display 

Weight 7Kg 7 ,..._, 16 Kg 

Table fV Accumulated Dose Measurement System 

Items Dose Rate Type of Note 
Range Detector 

1l.D 0.01 ni]y CaS04(Tm), Previously Distributed 
,..._, 10 ni]y MgzSi04 (Tb) as a Routine Monitoring 

P.D. 0 ,..._, 10 nily I. C, Silicon Distribute According to the 
Semiconductor- Order of the Monitoring Center 

F.B. 0.2 ni]y Photographic Distribute According to the 
~ 1 nily Film in a Order of the Monitoring Center 

Special Holder 
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Table V Carborne Ganma Survey 

Items Detector etc. Note 

Ganma-ray 3" q, X 3" Nai (Tl), DBM Method 
Survey Meter 5" q, Spherical Nai (Tl) , ~0.1 nGy/h 

Ge(Li) Semiconductor, Nuclides Identification 
y -ray Spectorometer 

Recording Cassette Magnetic Tape, Digital Recording 
System Analog Recorder, Analog Recording 

Personal Computer 

Portable Propeller Type Wind Speed 
Meteorological Wind Direction 
Instrument 

Transceiver Power : 10 w Area of Conmunication : 
~10 km 

Table VI Airborne Gamma Survey 

Detector Type 4"X4"X 16" Nai(Tl) X4 
5" q, X 5" Nai (Tl) 

Maximum Measuring ~ 0. 01 Gy/h 
Range 

Minimum Detection 4 X 10s llq ( 137Cs) 
Limit at 150 m Height 

Energy Range 40 KeV~ 3 MeV 

Power Supply DC 28 V (25A) 

Weight 250 Kg 

Note (1) Navigation and 
Position Determi-
nation Using MRS' 

(2) Radar Altimeter 

* MRS:Microwave Range System 
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UNITED STATES DEPARTMENT OF ENERGY 
METHODS AND TECHNIQUES FOR PERFORMING AERIAL AND LANDBASED 

MONITORING FUNCTIONS AS PART OF AN EMERGENCY RESPONSE 

J.F. Doyle 
EG&G Energy Measurements, Inc. 

Las Vegas, Nevada 
United States 

ABSTRACT 

The U. S. Department of Energy maintains a fleet of aircraft equipped to 
measure radiation deposited on the terrain. For thirty years, this aerial 
operations has performed background radiation surveys over all major nuclear 
facilities within the continental United States. Aerial survey teams have 
provided significant support for a variety of accidents, lost radiography 
sources, and urgent survey requests for suspected spi 11 s. In this paper, 
aerial capabilites are described, actual responses are discussed, and responses 
to large accidents are proposed. The author has been intimately involved with 
the evolution of the aerial systems since 1967 both as a manager and as a 
participant in many of the responses. 

METHODES ET TECHNIQUES UTILISEES PAR LE MINISTERE DE L'ENERGIE DES ETATS-UNIS 
POUR ASSURER LA SURVEILLANCE AERIENNE ET TERRESTRE 

DANS LE CADRE D'UNE INTERVENTION D'URGENCE 

RESUME 

Le Ministere de l'energie des Etats-Unis entretient une flotte aer1enne 
equipee pour mesurer la radioactivite deposee sur le terrain. On procede ainsi 
depuis trente ans a des leves aeriens du fond naturel de rayonnement au-dessus 
de toutes les grandes installations nucleaires situees sur le continent des 
Etats-Unis. Les equipes chargees de ces leves ont fourni un soutien important 
a l'occasion de toute une serie d'accidents, de pertes de sources utilisees en 
radiologie et de demandes urgentes d'enquete visant des deversements suspects. 
L'auteur de cette communication decrit les moyens aeriens disponibles a cet 
effet, examine les interventions proprement dites et propose certains types 
d'interventions en cas d'accident important. Depuis 1967, il s'est trouve 
intimement associe a l'evolution des systemes aeriens en qualite a la fois de 
responsable et de participant a de nombreuses interventions. 
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1. AERIAL MEASURING SYSTEM PROGRAM OVERVIEW 

In the late 1950s, the Atomic Energy Commission, predecessor agency to the 
U.S. Department of Energy, created an aerial radiological measuring capability 
to aid in prospecting for uranium ore and to provide an aerial response for 
potential, large-scale radiological accidents. This aerial capability has been 
a continuing part of the Department's emergency readiness planning up to the 
present. With the many significant improvements in instrumentation and data 
analysis made possible through the use of microprocessor technology, today's 
measurement capability offers major advantages for emergency response and for 
environmental surveillance. 

For the past twenty five years, the aerial measuring system aircraft have 
maintained a background radiation profile of all significant nuclear and 
radiation processing facilities within the continental United States. These 
surveys provide a significant reference for analysis of any accidental releases 
of radiation which might occur. Based on special requests, surveys have also 
been flown at several locations outside the United States. 

For the past fifteen years, the majority of routine aerial radiological 
surveys for ground-deposited radionuclides have been performed utilizing heli
copters instead of fixed-wing aircraft. The helicopter-based systems provide 
improved sensitivity, greater spatial resolution, and increased crew safety. 
It has been demonstrated that changes in the natural background radioactivity 
as small as five percent can be measured by the helicopter survey technique. 

As the operating contractor for the Aerial Measuring System, EG&G Energy 
Measurements, Inc. has gained extensive experience in characterizing and 
documenting large-area cleanup sites. In addition to the aerial capability, an 
important in situ land-based measurement system has also been developed. The 
in situ system consists of a high-purity germanium detector, a battery-powered 
multichannel analyzer, and a microcomputer which is equipped with software to 
identify photopeaks and to provide quantitative results in the field. This 
in situ system has also proven its value for emergency response work as well as 
cleanup activities. This paper will discuss the current aerial and in situ 
capabilities and will cite examples of several different uses of these systems. 

2. AERIAL MEASUREMENTS CAPABILITY 

2.1 Equipment Configuration 

The primary configuration of equipment for the aerial survey of 
terrestrial radiation consists of a large-volume array of thallium
activated sodium iodide detectors mounted in external pods on a twin
turbine-powered helicopter (see Figure 1). The detector array is 
composed of a total of eight 10.2 x 10.2 x 40.6-cm sodium iodide log 
detectors whose electronic outputs are summed and recorded on a 
special data acquisition system called REDAR IV, the Radiation and 
Environmental Data Acquisition and Recording system. 

Equa 1 in importance to the development of the radiation measuring 
equipment has been the development of a precision navigation system. 
This system provides the pilot with precision steering information, 
and it also records measurement data to permit computer plotting of 
the radiation isopleths scaled to available maps of the area. The 
output of the precision navigation system, including both radar 
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altimeter data and X-Y coordinate information, is recorded once each 
second simultaneously with two sets of energy spectra from 40 heV to 
3 MeV. The precision navigation system is a commercially available 
positioning system developed for locating offshore drilling platforms 
and similar applications. It utilizes small, battery-powered trans
ponders which are positioned adjacent to the area to be surveyed. 
Modifications have been made to this system in order to use it on a 
fast moving platform, such as on board a helicopter or fixed-wing 
aircraft. 

There are many variations of the radiation measurement configuration 
which have been required to accommodate the unique conditions found in 
each accident or routine survey. A 1 though the equipment is best 
characterized for the dedicated helicopters assigned to this program, 
it can be readily i nsta 11 ed and flown on many types of fixed-wing 
aircraft and helicopters with the detector pods carried inside the 
aircraft. 

Data processing and plotting of the survey results are performed on 
the ground, either in a mobile van (see Figure 2) or on computers 
transported to the scene via transport aircraft and assembled nearby. 
The scientist/operator on board the aircraft has rea 1-t i me displays 
which permit identification of the predominant isotopes and the 
intensity of the radioactivity. These results may be relayed by radio 
to ground personnel for an initial assessment. Since several flights 
are usually required to assemble a full-scale map of a large area, no 
attempt is made to telemeter data to the ground. Key flight results 
can be observed immediately; however, several hours of processing are 
usually required to assemble a final isopleth map. Results may be 
given in a number of formats. In most cases, however, the first map 
will show exposure rates converted to an equivalent one meter height. 
Results are also readily available as an equivalent concentration per 
square meter. 

2.2 Response Mission Profiles 

In order to appreciate the wide range of flexibility inherent in the 
aerial measuring systems, it is necessary to describe their use for 
several different types of missions. Mission requirements may differ 
greatly depending on the urgency to obtain overview information, 
sensitivity requirements, proximity of populated areas, etc. Three 
different mission response profi 1 es wi 11 be discussed to i 11 ustrate 
these differences: 

a. Background radiation survey 

These surveys require the maximum sensitivity and accuracy since 
they may serve both as a file for use in future accidents and as 
input to site environmental impact records. These surveys will 
be flown with a helicopter at altitudes of 45 to 90 meters above 
terrain. The survey consists of a series of parallel 1 ines 
spaced 60 to 150 meters apart depending on the survey altitude. 
For a nuclear power plant, the survey will be a square, 8 km on 
each side, centered on the plant. If any man-made isotopes are 
detected in the survey, the survey boundaries are extended to 
completely encompass the observed radioactivity. 
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The results of these surveys measure changes from previous 
surveys as small as five percent. For radionuclides such as 
cesium-137 or cobalt-60, this implies that concentrations as low 
as 1 to 2 kBq per m2 can be consistent 1 y detected. Changes in 
land use, such as the expansion of cooling ponds, plowed versus 
overgrown land, and similar variables can result in measurable 
changes in the background radioisotopes. 

To obtain this degree of sensitivity and an even better repeat
ability factor, it is also necessary to fly a calibration line 
with each mission in order to eliminate effects due to airborne 
radon gases and cosmic rays. The precision of repeat surveys 
utilizing the same flight lines previously flown has been shown 
to reproduce exposure rates for natura 1 background isotopes to 
within ~ 2 percent. 

b. Lost radiographic source 

In most cases, isotopic sources used for commercial radiography, 
well logging, etc., are large, hazardous sources. When such 
sources are "lost" for whatever reason, it is essential to 
quickly protect the public from inadvertent exposure to them 
because they can be deadly or have very serious potential health 
effects. The type of survey required is dependent on the 
specifics of the situation. 

In one specific case, a truck carrying a large cobalt-60 source 
completed a 1,900 km trip only to find the source missing from 
its container. A ground search of the 1,900 km route would have 
required a number of health physics personnel and several days 
effort. In one day, an AMS aircraft system located and recovered 
the 12 GBq cobalt-60 source on this route. 

In other cases, the routes may be unknown, but towns or villages 
are near the 1 ast known 1 ocat ion of the source. In one such 
case, the aer i a 1 survey team and the 1 oca 1 health authorities 
decided it was best to fly a complete grid over the populated 
areas at 90 meters altitude to assure that the source had not 
been picked up by a child or citizen unfamiliar with the hazards. 
This type of negative documentation is an essential element in 
assuring the public that they are properly protected. 

c. Major release of fission products 

A worst-case situation for radiation emergencies is the sudden 
release of large quantities of fission products into the 
atmosphere. A large release due to an explosion with continuing 
fires and plume releases contains all possible complicating 
factors for the emergency planners and the response teams. 
Aerial measurement systems are ideally suited for determining 
both the initial and long-term radiation problem boundaries. 

Depending on the temperature of the i nit i at i ng event, a c 1 oud 
loaded with fission products might rise through low-altitude 
windshears which could result in fallout being transported in 
several directions at once. Almost any number of available 
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ground monitoring personnel will be too few and certainly will 
not have information to know where they might be most effective. 
Within the continental United States, an aerial measuring system 
aircraft could reach almost any site within six to ten hours of 
notification. 

For the initial approach to the accident area, a large, serpen
tine pattern would be flown down wind of the incident site in the 
direction of the prevailing ground-wind direction to 1 ocate a 
1 ine of maximum intensity, direction, and extent. During this 
initial approach, the technical crew is observing the instruments 
for evidence of an encounter with a plume containing radiation. 
Contact is avoided and the plume circumnavigated if the ambient 
radiation level should exceed, say, twice background. This 
assures crew safety and prevents the accumulation of radiation 
particulates on the aircraft that would halt the ability to track 
or measure further radioactivity. 

The results of the serpentine flight waul d be passed to ground 
personnel to assist in dispatching monitors and decontamination 
personnel to the areas of greatest concern. For an accident of 
the magnitude of the release at Chernobyl, it would appear that 
several long-range, fixed-wing aircraft would have been required 
to conduct continuous serpentine flight operations until the 
plume was eliminated. 

With all of the current safety equipment at most fixed sites, a 
more likely scenario is the release of a plume of noble gases. 
For this case, the aerial systems can assure that only noble gas 
isotopes are present and can 1 ocate the direction and maxi mum 
radiation levels. 

As the immediate emergency is brought under control, the aerial 
systems begin the task of mapping the affected areas. Assessment 
personnel determine the minimum levels that must be defined for 
possible protective or remedial actions. 

IN SITU MEASUREMENT CAPABILITY 

3.1 Equipment and software configuration 

As a result of experience gained carrying out large-area cleanup 
operations and in documenting various sites with severe surface 
contamination, it was determined that accurate and very sensitive 
direct-measuring instrumentation was required. The system that was 
developed to meet this need consists of a large volume, high-purity 
germanium detector connected to a battery-powered, 8,192 analyzer (see 
Figure 3). The multichannel analyzer output is, in turn, connected to 
a portable computer containing gamma spectroscopy software which 
i dent ifi es photopeaks and computes apparent quantity 1 evel s present 
for the specified isotopes. 

Since this information is immediately available in the field to the 
emergency response managers, they are able to make immediate decisions 
without the long waits for laboratory analysis of soil and vegetation 
samples. The sensitivity of the in situ system, as we call it, is far 

- 235 -



-
236 

-



below the normal levels of the natural isotopes. The natural isotopes 
and their ratios serve as a constant check on the accuracy of this 
system. In addition, calibration sources referenced to international 
calibration standards are available to set up the system prior to each 
use. 

3.2 Response mission profiles 

a. Major release of fission products 

The concern for food crops and milk is an immediate priority for 
decision makers. The in situ system can provide effective 
initial screening to see if radiation levels and specific 
isotopes are of concern. The in situ system also provides the 
managers of large-scale, ground-monitoring efforts a system check 
on the hand-held instruments. For some releases of radioactiv
ity, it has been found that certain hand instruments were not 
accurate for the observed energy spectrum. 

b. Background survey missions 

The in situ system serves as an excellent ground confirmation 
measurement for the aerial survey. If any low-level radio
activity, whose spectral character is indistinct, is detected 
during the survey, then the in situ system can quickly identify 
the source and either attribute it to abnormal ratios of natural 
isotopes or identify the isotope responsible for the unusual 
activity. 

c. Management of cleanup activities 

To date, the most frequent cleanup technique used has been the 
removal of contaminated soil, vegetation, and building materials. 
The question that always arises is how much is enough. The in 
situ system placed on a 7-meter boom suspended from a truck 
observes radiation from a circle on the ·ground with a diameter 
about twice the boom height. This system is driven over an area 
to stake the cleanup boundaries and to certify that the removal 
is complete. 

4. DATA MANAGEMENT PROBLEMS FOR ACCIDENTS 

In the event of the release of radiation into the environment, several 
factors drive the data management problem. Personnel who respond to the 
accident, other than the full-time site staff, are not familiar with the local 
geography. These outside response personnel may not be well trained for taking 
measurements under field conditions since their routine job may be in a 
laboratory. As a result, it is very likely that a large volume of data may be 
collected for which the map coordinates are in error, or unknown, and about 
which there are other uncertainties. In addition, the instruments in use may 
not have been recent 1 y ca 1 i bra ted or may have a different spectra 1 response 
from that of the isotopes being observed. For all of these reasons, it is as 
essential to manage the data base as it is to collect the data. Since the 
Three Mile Island reactor accident in the U.S.A., considerable thought has been 
given to the data base problem. A system of portable computers (see Figure 4) 

- 237 -



·.\ ~ 
' 

', ~: 

-
238 

-

.._. 
c Q

) 

E
 

Q
) 

O
l 

<tS 
c <tS 
E

 

c 0 
.._. 
<tS 

...... 
C

/) 

<l> 
..0

 
<tS 

...... 
,_ 
0 

0... 

-.:;t 

<l> 
,_ 
:::l 
O

l 
LL. 

:~~ 



and formats has been developed to assure that data quality is maintained from 
the outset of the accident response. 

The data management problem becomes particular 1 y acute for a 1 arge-area 
problem as attempts are made to integrate results from aerial measurements, 
ground measurements, and sample analyses. In a week's time, it is possible to 
accumulate 5,000 or more data points even for a limited release, while a large
area release could generate 100,000 or more data points. Critical elements to 
include in this management process are identification of personnel making each 
measurement as well as the type and serial number of each instrument, the scale 
setting, the geographic position of the measurement, and the time of measure
ment. Data control must reject any data which fails to provide all of the 
critical elements. In the final analysis, the quality control of the data must 
meet the same criteria during an accident response that is required for 
day-to-day operations. 

5. EXAMPLES OF ACTUAL RESPONSE ACTIVITIES 

The various mission profiles described earlier are based on AMS experience 
gained over twenty five years of response to actual emergency incidents. Four 
examples of these actual incidents are briefly described here. These examples 
emphasize the fact that a response team must be prepared to solve techni ca 1 
problems and must also be prepared for some non-technical problems as well. 

5.1 COSMOS 954 Satellite 

Perhaps the most interesting incident involving the AMS began when 
U.S. authorities advised the U.S. DOE of the impending reentry of the 
COSMOS 954 satellite. The satellite, powered by a nuclear reactor, 
plunged back into the earth's atmosphere on 24 January 1978. It 
impacted in the Northwest Territories of Canada, scattering radio
active debris over an estimated area of 52,000 km 2

• The search and 
recovery effort, called Operation Morning Light, was a joint program 
with the Canadian Combined Forces and the U.S. DOE, which coordinated 
the efforts of U.S. Federal Agencies and private contractors. Large 
arrays of detectors, operated by radiation physicists, were flown at 
low altitudes in Canadian C-130 aircraft which covered thousands of 
kilometers each mission. Helicopter teams, equipped with hand-held 
equipment, investigated radiation anomalies and recovered debris. The 
recovery effort was extremely difficult because of major 1 ogi st i cs 
problems involved with such a large search area, the remoteness of the 
site, the snow, and the extreme cold. More than 100 large pieces of 
radioactive debris were recovered. But it was concluded that the 
reactor core disintegrated during reentry, scattering radioactive 
particulate matter over a broad area. Since it was impossible to 
locate and recover any more than a small percentage of this debris, 
even with the best technology presently available, further recovery 
effort was terminated after several months of intensive work. 

5.2 Three Mile Island 

On 28 March 1979, the Three Mile Island (TMI) nuclear reactor was shut 
down after suffering a major accident (Beers et al., 1984). The AMS 
flew 167 helicopter missions between 28 March and 25 June 1979. Air
borne instrumentation was used to identify isotopes, to determine the 
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direction of the plume of radioactive gases emanating from the 
crippled reactor, and to measure the maximum radiation levels inside 
the plume. During the first few days, the effluent was dominated by 
xenon-133m and xenon-135. On the first day, krypton-88 and its 
daughter, rubi di um-88, were a 1 so observed. Later, the predominant 
radiation was from xenon-133. The highest exposure rate, 150 uSv/h, 
was measured at a 90 meter altitude, 0.4 km from the reactor, on 30 
March 1979. On the same day, an exposure rate of 40 usv /h was 
measured 5 km from the reactor. 

The preponderance of radioactive gases and the absence of radioactive 
particulate matter in these measurements suggested that the accident 
would produce little radioactive fallout downwind of the reactor. 
This was corroborated by an elaborate sampling program for soi 1, 
water, and biota, performed by many federal and private agencies 
working cooperatively after the accident. 

Confirming evidence was obtained in an aerial survey of an 82-square
k i 1 ometer area centered on the nuc 1 ear reactor, conducted by an AMS 
helicopter in October 1982 (Colton, 1983). The highest exposure 
rates, up to a maximum of 2 uSv/h, were inferred from data measured 
direct 1 y over TMI faci 1 it i es. This radiation was due to cob a 1 t-58, 
cobalt-60, and cesium-137, which was consistent with normal plant 
operations. For the remainder of the survey area, the inferred 
radiation exposure rates varied from 60 to 140 nSv/h. Ground measure
ments, including soil samples and pressurized ion chamber readings, 
were in agreement with the corresponding aerial data. With the 
exception of the activity measured directly over TMI facilities, no 
evidence was detected of any contamination which might have occurred 
as a result of past reactor operations or the TMI Unit 2 accident. 
Ground and aerial results from 1982 agreed with those obtained in a 
1976 aerial survey of a considerably larger area (Fritzsche, 1977). 

5.3 Cobalt-60 Dispersal in Mexico 

In November 1983, a serious accidental dispersion of radioactive 
material occurred in Ciudad Juarez, Chihuahua, Mexico. A Picker 
C-3000, cobalt-60 teletherapy machine was disassembled for scrap 
steel. The source capsule, containing an estimated 16,600 GBq of 
cobalt-60, was ruptured. The capsule contained 6,000 to 7,000 cobalt 
pellets, each 1 mm x 1 mm in size and having an activity of 1.5 to 3.7 
GBq. Individual pellets were found at the disassembly site, in the 
transporting vehicles, along the roads to foundries in Juarez and 
Chihuahua, and in the scrap piles and processing equipment. An esti
mated 8100 GBq of cobalt-60 was melted into 7,000 tons of steel 
products such as reinforcing bar, metal table bases, and electric 
motor parts. 

When the AMS was dep 1 oyed on 27 February 1984, near 1 y three months 
after the i nit i a 1 di spersa 1 of the cob a lt-60 pe 11 ets, contaminated 
steel products had been distributed in northern Mexico, much of the 
United States, and several other countries. Using a helicopter and an 
array of Nal detectors, laboratory personnel conducted an aerial 
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survey over El Paso, Texas; Anapra, New Mexico; and the cities of 
Juarez and Chihuahua in the state of Chihuahua, Mexico. The total 
area surveyed over these cities was approximately 520 km 2

. Both sides 
of the highway 1 inking Ci udad Juarez and the city of Chihuahua were 
also surveyed, a distance of 365 km. Between 2 March and 24 March, a 
tot a 1 of 700 km 2 was covered; 45 cob a lt-60 anoma 1 i es were detected, 
due either to pellets or to contaminated steel. All of the pellets 
discovered with hand-held instruments or in the aerial search have 
been recovered. Most of the contaminated steel products have been 
returned to Me xi co and buried. Unfortunately, because of the nature 
of the source and its wide dispersion in the environment, complete 
recovery is neither possible nor certifiable. 

5.4 South Houston 

On 6 May 19B5, the AMS began a five-week survey of many contaminated 
sites south of Houston, Texas. During the 1950s and 1960s, a 
pharmaceuti ca 1 company and sever a 1 successor companies manufactured 
technicium and radium sources for medical use, cesium-137 sources for 
well-logging, and other radiochemical products. Because of poor 
quality control in manufacturing and careless dumping of trash and 
product residues, many different sites were contaminated. The Texas 
Department of Health Resources, acting on anonymous tips, found 
cesium, cobalt, and radium contamination exceeding 300 to 350 uSv/h 
contact readings in completely uncontrolled areas. After a thorough 
review of the available data, Health Resources called upon the U.S. 
DOE for assistance. The AMS flew a grid pattern over South Houston 
with a helicopter at an altitude of 46 meters. A 455 km 2 area was 
covered with tight 1 i ne spacing. Industria 1 areas in four sma 11 
cities were also surveyed as well as seven waste dumps. Eleven 
cesium-137 anomalies were found, five of which had been previously 
identified. The new sites appeared to be the result of contaminated 
landfill used at various home construction sites. Several other 
anomalies were observed: three due to radi urn, one to cob a lt-60, and 
three to iridium-192. Thirty-seven other hits were just above the 
minimum detectable cesium-137 activity of the aerial system. The 
Texas Department of Health Resources has investigated these sites 
using the AMS survey maps. 

6. CONCLUSION 

The U.S.A. has found the aerial capability to be extremely valuable for 
large-scale emergency response and for routine large-area surveillance. Back
ground radiological surveys have been acquired for all major U.S. nuclear 
facilities. These surveys are of value for current environmental assessments 
and are retained in the event of an accident or spill. On several occasions, 
these resources have been offered to other countries in response to emergency 
situations. The equipment can be operated on a variety of commercial and 
military aircraft other than the dedicated aircraft mentioned in this paper. 

Of paramount importance in the successful use of these methods and 
techniques, however, is the experience and expertise of the many scientists and 
technicians, who for twenty years, have developed and operated this equipment 
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under all possible conditions. Even the most advanced equipment will be of 
1 itt 1 e use if the experienced personnel are not available to respond to the 
unique conditions of each accident. 
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ABSTRACT 

To improve the efficiency of the exchange of radiological data in accident 
situations the Dutch government decided to support a project, which aims at 
obtaining a package of standardized methods of radioactivity measurements. 
The project is named NORMSTAR and is carried out by the Netherlands 
Standards Institute. Status, organization, programme and planning of this 
project are presented. The possible role of standardization in order to 
obtain efficient data exchange on the international level is discussed. 

SURVEILLANCE DANS DES SITUATIONS D'URGENCE 
NORMALISATION DES MESURES 

RESUME 

En vue d'ameliorer l'efficacite des echanges de donnees radiologiques dans des 
situations d'accident, le gouvernement neerlandais a decide de financer un 
projet qui vise a obtenir un ensemble de methodes normalisees de mesures de la 
radioactivite. Ce projet, appele NORMSTAR, est execute par l'Institut de nor
malisation des Pays-Bas. La presente communication decrit le statut, l'organi
sation, le programme et le calendrier de ce projet. On y examine dans quelle 
mesure la normalisation pourrait conferer de l'efficacite aux echanges de 
donnees a l'echelon international. 
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1. The organization of technical information in the Netherlands 

When a nuclear accident occurs which necessitates co-ordination on a 
national level a Management Team is activated which is technically 
supported by a Technical Information Group (TIG). This TIG in turn obtains 
its information concerning each field of interest from a number of so 
called Support Centres. For more details the reader is referred to the 
contribution by Hoogendoorn and van Mourik [1] or the original document of 
the Dutch government [2]. 

Within this organization the National Institute of Public Health and 
Environmental Protection is one of the Support Centres producing its own 
data. At the same time it collects, processes and interprets the data 
produced by the other Support Centres. This is done by an automated 
Information System which will thus receive a large amount of data. These 
data are produced not only by monitoring networks, but also by mobile 
monitoring teams and specialized laboratories. 

2. The quality of the data 

During and after the Chernobyl accident it became clear that the 
processing of large amounts of information was one problem. Another, 
probably even more serious, problem was the quality of the information. In 
many cases it was not clear how the information was obtained, how accurate 
it was, how, where and when the sample was taken, whether the result was 
corrected for physical decay, natural background etc. Much precious time 
was invested in interpreting and assessing the comparability of the various 
data. 

3. Standardization as a tool to improve the quality of the data 

Based on this experience the Dutch government decided that this aspect 
of the Technical Information needed improvement. Consequently it funded a 
project of the Netherlands Standards Institute (NNI) with the objective to 
obtain the standardization of the methods of .measurement of radiation and 
radioactivity for nuclear accident information systems. Standardization of 
the methods of measurement implies that the way the data are obtained and 
reported is well defined and thus the data are easily comparable and 
interpretable. It also means that the methods are based on consensus 
between the experts in the field and will thus have a large base of 
support. 

4. Organization of the NORMSTAR project 

The NORMSTAR project is funded by the ministries which are directly 
concerned with monitoring activities, i.e. the ministry of Housing, 
Physical Planning and Environment, the ministry of Home Affairs, the 
ministry of Transport and Public Works and the ministry of Agriculture and 
Fisheries. Representatives of these ministries form the Steering Committee 
of the project which is responsible for the management. The programme of 
the project is carried out by a project group which writes the proposals 
and the drafts of the standards. The results of the project are presented 
to a Standards Committee "Radioactivity Measurements" of the Netherlands 
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Standards Institute (NNI). In this Committee experts from the specialised 
institutes, being part of the nuclear emergency organization, have been 
appointed. Programme and planning of the project have been determined in a 
definition study which was carried out at the beginning of the project [3]. 

5. Working programme and planning 

Based on interviews with experts in the field and on monitoring 
programmes in other countries and in international organizations a working 
programme was proposed in the definition study. By then applying priority 
criteria to this total programme a selection was made of those methods 
which were considered to be of primary importance. The priorities were 
determined on the basis of criteria like: 
- the radiological importance 
- their relation to (immediate) counter measures 
- considerations of economic impact 
- the availability of measurement procedures 
- the number of institutions involved in the measurement 
- existing international obligations and agreements 
In Table I the subjects to be standardized with the highest priority as 
determined by this procedure are given. 
These 25 standards have been planned to be produced within 3 years by two 
full time employed scientists. Obviously this is a very ambitious planning. 
The experience has shown that the time invested in each standard varies 
considerably, depending on the complexity of the method, the availability 
of measurement procedures, the amount of comments received on the drafts, 
etc. 

6. Typical characteristics of the NORMSTAR project 

The NORMSTAR project has several typical characteristics which are 
worthwhile mentioning here, as they have consequences for its realization 
both in positive and in negative sense. 

First of all, within the framework of standardization, it is usually 
an expert in the field and member of the Standard Committee who writes the 
proposal and the draft for a particular standard on a voluntary basis. In 
this project it is the project team which effectively carries out this 
work. This has financial consequences on one hand. On the other hand the 
process is considerably accelerated and in the course of time becoming more 
and more efficient because of the large amount of expertise (both in the 
field of environmental radiology and of standardization) collected by the 
scientists who carry out the project. 

Next, both in the Steering Committee and in the Standards Committee 
policy makers and experts are represented from various fields of 
responsibility. This results in a uniquely broad basis of the project and 
in addition the organization developes itself as a platform representative 
for the field of monitoring of radioactivity. On the other hand it is 
obvious that consensus is easier to obtain when less people are involved. 

Because of the principle of consensus, standardization is usually a 
slow process. This is true for national, but even more for international 
standardization. The NORMSTAR project aims at producing a large amount of 

- 245 -



standards within a relatively short time, both by appointing scientists 
working full time on the project and by applying the concept of pre
standards. The difference between standards and pre-standards is mainly the 
fact that a pre-standard is less definitive and has to be reconsidered 
three years after publication. 

Finally it was decided in an early stage that separate standards, or 
modules, were to be developed for sampling, sample treatment and the actual 
measurement. This modular configuration is an investment in time and 
manpower. In an early stage more standards have to be developed, as for one 
method separate modules for sampling, sample treatment and measurement have 
to be written. On longer term however this approach has several advantages: 
- Methods developed in other fields of standardization can be applied with 

usually small modifications. 
- Once the standard is available it can be applied to several standards for 

sample preparation or direct measurement. 
If a sampling procedure has to be modified only one module is involved 
and thus a modification is more easy to realize. 
Finally, the result of this procedure is that consistency between the 
various methods of measurement (from sampling to the actual measurement) 
is guaranteed. 

7. A concept applicable to international standardization? 

During and after Chernobyl it has become clear that the problems 
related to exchange of information do not only arise on a national scale. 
The exchange of information on an international scale was shown to be even 
more difficult. Thus the question arises whether the concept used in 
NORMSTAR can be applied to improve data exchange on the international level 
as well. The International Organization for Standardization (ISO) offers 
the organizational structure for these activities. In fact within several 
Technical Committees standardization in the field of radioactivity 
measurements already takes place. And although this work should continue 
the concept of NORMSTAR would be difficult to realize within this 
organization. 

First of all, the present activities are not in line with the integral 
approach followed in the Dutch project, where one Standards Committee co
ordinates the standardization within the entire field covered. Secondly, 
the modular approach as chosen in the NORMSTAR project and as described 
above is not followed systematically within the concerned Technical 
Committees of ISO so far. Finally the problems associated with large scale 
radioactive contaminations following Chernobyl have not had the same impact 
in all the countries represented in ISO. Consequently the interest in 
standardization differs widely from country to country. 

The drawbacks applicable to ISO apply to a lesser degree to the 
European standardization Organization GEN. Within CEN no standardization 
activities in this field have been developed so far. Thus, the concentra
tion of all activities within one Technical Committee and the modular 
approach described above could be applied from the beginning. As discussed 
above, this has specific advantages. 
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Also the need for an efficient data exchange is more strongly felt 
within the European Community as a result of the Chernobyl experience. 

Finally it is expected that when an organization determines limits of 
radioactivity levels, as was done for foodstuffs, there is a need for a 
standardized method to determine these levels based on consensus between 
all countries involved. 

The NORMSTAR project so far seems to indicate that an effective 
concept has been developed, which could equally be applied within the 
European Community. We propose that the feasability of such a project 
within CEN be studied on a short term. 
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Table 1 

SUBJECTS TO BE STANDARDIZED WITH THE HIGHEST PRIORITY 

SAMPLING SAMPLE TREATMENT MEASUREMENT 

* water and 

constituents 

* fresh leafy vegeta-

bles and fruit 

* meat 

* fishery products 

* deposition 

* grass 

* airborne substances 

* airborne iodine 

* milk 

* milk replaces 

* water 

* constituents in 

water 

* fresh leafy 

vegetables, fruit 

and grass 

* meat 

* fishery products 

* separation for Sr 

* separation for Pu 

* semiconductor gamma 

spectrometry 

* Nal gamma 

spectrometry 

* gross alpha 

* gross beta 

* alpha spectrometry 

* exposure rate 

* whole body counting 

* surface 

contamination 

The underlinded subjects are modules for which draft standard has been 

published. 
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DECISION AIDS TO OFF-SITE EMERGENCY MANAGEMENT -
THE CEC VORKSHOP OF MAY, 1989 

G. Fraser 
Commission of the European Communities 

Luxembourg 

ABSTRACT 

The Workshop provided participants with an overview of the current state of 
the art in the design of computerised systems for use in real-time in 
nuclear emergencies, a field which has received increased attention since 
the Chernobyl accident. The author reviews the information presented and 
concludes that while a range of operational systems already exist and 
significant further development can be expected, there are aspects which 
merit closer attention. 

AIDES A LA DECISION POUR LA GESTION DES SITUATIONS D'URGENCE 
EN DEHORS DU SITE -

ATELIER ORGANISE PAR LA CCE EN MAI 1989 

RESUME 

Cet atelier a donne aux participants un aper9u de l'etat actuel des connais
sances relatives a la conception des systemes informatises destines a etre 
utilises en temps reel en cas d'urgence nucleaire, domaine qui beneficie d'une 
attention accrue depuis !'accident de Tchernobyl. L'auteur fait la synthese 
des informations presentees et en conclut qu'en depit de !'existence de divers 
systemes operationnels et de !'evolution importante a laquelle il y a lieu de 
s'attendre, certains aspects meritent d'etre etudies plus en detail. 
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1. Introduction 

The full title of the meeting was the "2nd International Workshop on 
Real-time Computing of the Environmental Consequences of an Accidental 
Release to Atmosphere from a Nuclear Installation", the first such 
workshop having been held in 1985 <1>. As previously, the single most 
important aspect was the modelling of atmospheric dispersion 
processes. However, for the 1989 meeting the subtitle "Decision Aids· 
to Offsite Emergency Management" . was appended in order to remind 
potential authors and participants of the overall purpose of such 
computing, and the fact that it introduces many aspects other than 
atmospheric mathematical modelling - even if the latter is an 
essential ingredient. 

Since the 1985 meeting the Chernobyl reactor accident had of course 
sensitized national authorities to deficiencies not only in national 
plans but also in international provisions. Thus aspects such as 
longrange dispersion modelling and international communications could 
be expected to receive greater attention. 

In all the Workshop attracted over 80 participants from 16 countries 
over the three and a half days period it occupied. 

2. Content of the programme 

A full list of presentations is given in the Appendix and for more 
complete information the reader should refer to the Workshop 
Proceedings (2), the discussions in Section 3 below being necessarily 
of a selective nature. 

However, one aspect which the Proceedings cannot fully reflect is the 
afternoon devoted to demonstrations of various projects operating in 
parallel (Session VI>. In all a dozen project teams took part allowing 
participants to circulate at will, to see the software running and to 
discuss specific points with the system designers. Such an approach 
allows a much fuller understanding of a system than can be gained from 
a formal presentation and a written text. Its success can be judged 
from the fact that many participants were still present long after the 
scheduled finishing time. 

To be successful, however, such an approach requires 
of the project teams concerned and this includes, 
diversity of th~ hardware involved, transporting 
equipment to the Conference. This cooperation 
acknowledged. 

3. Discussion 

3.1. Atmospheric dispersion modelling 

the cooperation 
for reasons of 
the necessary 
is gratefully 

While the simplest type of model - the straight line Gaussian plume
is reducing in importance, it is still used in some instances forlocal 
dispersion calculations, as shown for example by the OECD survey 
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CGOVAERTS, AS I*). However, such models are inherently deficient in 
that they cannot handle time-dependent meteorological conditions. 
There seems no reason for not up grading such systems, at Least to a 
Gaussian puff model with time dependent windfields. Indeed one speaker 
suggested that modern computing power would allow widespread adoption 
of real-time particle-in-cell models. 

Even so, time-dependent models still vary widely in their degree of 
complexity and input data requirements. Given practical constraints on 
the latter, will more complex models justify themselves by yielding 
more reliable results ? SCHORLING CAS II*), addressing this question, 
did indeed show that a Lagrangian particle model can improve 
significantly on a Gaussian model even at short range, using 
particular models tested against tracer studies over distances of a 
few kilometres in both simple and complex terrains. However, he 
further observed that "a high temporal resolution of a relatively 
correct, simulated windfield is necessary for good results", adding 
that, "accuracy of wind measurements at well-suited locations is more 
important that quantity at arbitrary sites." Would such data be 
available in accident conditions ? One approach, being increasingly 
adopted is to a establish a detailed area-specific windfield database 
allowing a match to be selected based on relatively few measurements 
obtained in real-time (eg. THYKIER NIELSEN (AS II) and APPELGREN (AS 
III)). 

Ultimately, in principle, a single, complex, real-time model could be 
used to generate selfconsistent results at all ranges and in all 
topographical and meteorological situations, but such a model would 
introduce a whole new level of complexity. Instead we are tending to 
extend our reliance on models designed for specific applications, as 
is amply illustrated within the ARAC system by the wide variety of 
models currently available (SULLIVAN, AS I) and foreseen <YAMADA et 
al., AS II). In this way we can more easily take maximum advantage of 
the ever increasing amount of experimental data available for 
validation (eg. GUDIKSEN et al., AS III) to improve model 
performance. However, such an approach still Leaves open the question 
of potential conflicts of results for example where models used for 
different distance scales interface with each other, and investigation 
of this point is required in respect of individual suites of models as 
they are developed. 

A different aspect which has begun to receive more attention recently 
is the accuracy of predicted windfields for dispersion forecasts. 

* The reference AS I indicates the presentation by GOVAERTS listed in the 
Appendix to this paper under "Session I"; similarly AS II indicates the 
paper listed under "Session II" etc. 

- 250 -



MARAIS and MUSSON-GENON CAS III) described tests of predicted winds at 
10 and 80 m over 24 hours from a purely synoptic model against 
measured values at selected French sites. In the context of predicting 
regional transport rather than local dispersion the results are 
definitely encouraging. Similarly YAMAZAWA and CHINO (AS II) reported 
significant success using initial, locally-observed, wind profiles 
with synoptic forecasts of up to 12 hours. 

A number of specific phenomena were not explicitly included in the 
programme <e.g. storm systems and precipitation) though introduced in 
review papers. While it is clear such problems have long been 
identified <e.g. PATRINOS AS I) they are far from being resolved. 
GOVAERTS <AS I) indicated that deposition estimates could easily err 
by an order of magnitude. However, provision for incorporating radar 
precipitation data (ApSIMON and WILSON, AS I) should at least allow 
appreciable improvements in real-time wet deposition estimates. 

3.2. Observed measurements and their reconciliation with model results 

Design aspects of a measurement network - types of measurement, time
scale, sensitivity and data transmission - were discussed in the 
context of France by ROSEAU et al. (AS IV); hardware aspects of a 
system installed in the Federal Republic of Germany were described by/ 
DE WITT et al. (AS IV) and a planned Polish system for the PAKS NPS by' 
DEME et al. (AS IV). FOSTER and STRACHAN <AS II) discussed monitor;"ing 
strategies using mobile facilities (local to the point of rele'ase) 
designed to maximize the utility of the measurements obtained. There 
is general agreement that initial results will usually be gross beta 
measurements of airborne concentrations <although on-line gamma 
spectrometry is also a possibility) together with external radiation 
levels, though the latter will be more difficult to interpret when 
referred back to model results. 

Such observations should allow not only estimates of the local 
radiological hazard but checks on the source strength and geometry and 
on the meteorological parameters assumed for modelling purposes. The 
complexity of the checking process will depend on the model and 
account must also be taken of the likely accuracy and representativity 
(local and temporal fluctuations) of the measurements and possible 
correlations between model parameters. 

SOHIER and GOVAERTS (AS IV) pointed out that, while a purely 
mathematical approach may be adopted for the adjustment of model 
parameters, this may lead to a solution bearing little relationashup 
to physical reality. Reviewing tests against a number of tracer 
experiments they prefer the relative chi-square criterion using 
regression of the environmental data and adapting the model parameters 
simultaneously and independently one from the other. Even so, they 
anticipate real-time constraints and recommend a bi-gaussian code to 
simplify the reconciliation process. 

The paper of EDWARDS et al. (AS IV) described corresponding work 
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carried out in the context of the ARAC system using a variety of 
regression schemes; the paper also illustrated just how a purely 
automatic scheme, which does not take account of the properties of the 
model, could force false solutions. Interestingly, the authors 
specifically confirm the conclusion of SOHIER and GOVAERTS, stating 
that 

"The number of function calls needed by even our best 
regression scheme seems to preclude ••• anything but the 
simplest Gaussian model." 

At the same time, 
"Using simple models for complex terrain seems foolish." 

They therefore plan to restructure certain complex ARAC models 
CMATHEW/AOPIC) in an attempt to allow meaningful reconciliation 
excercises in real-time. 

How successful this will be remains to be seen but, whatever the 
oucome, this aspect certainly introduces an additional criterion for 
deciding on the desirable degree of complexity and the structure of 
real-time disperison models. The utility of reconciliation has been 
clearly established, as illustrated also by RAES CAS IV> for long 
range modelling, but its degree of practicability in real-time remains 
to be determined. 

3.3. Other aspects 

The conference largely reflected the importance attached to 
atmospheric dispersion of accidental releases from nuclear reactors, 
but there are other types of accident and additional aspects to be 
taken into account. 

BEVINGTON et al. CAS V> discussed the differences between airborne 
releases from potential nuclear chemical plant accidents and those 
from reactors. Further distinctions could be drawn in respect of 
enrichment plants, vitrification facilities and isotope production and 
processing laboratories. More generally, possible accidents involving 
liquid discharges should not be over looked - although a generalized 
dispersion model is probably less practicable, the process being more 
site dependent especially for coastral installations. ' 

However, dispersion and deposition modelling is only a means to an 
end; ultimately it is the evaluation of potential public exposure and 
possible countermeasures ·which is of interest. Calculation of 
inhalation dose and external exposure from the plume is a natural 
extension of dispersion/deposition models and many such models also 
calculate external exposure rates from ground deposition. Even so, 
further projections in time will frequently be necessary in 
considering possible monitoring and countermeasure stragegies and this 
involves not only estimates of external exposure projected in time but 
also consideration of other exposure pathways such as foodstuffs. 
While not all results of this type will be required in real-time, 
their dependence on information available from the preceeding 
evaluations implies that they would form a logical extension of the 
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overall real-time system. S~ch possibilities will indeed be offered 
by, for example, the RADE-AID program described by VAN DEN BOSCH et 
al. <AS VII>. The overall design of a system involves not only the 
mathematical models as such but also various databanks, both automated 
and manual data input facilities together with a range of output 
facilities and lends itself to a modular approach allowing existing 
modules to be introduced in the course of time. In the absence of any 
standard system, it may be a "stand alone" system or it may require to 
interface with an analogous system operating at a different level. 
Moreover, it must be user-friendly in terms of manual input, 
interrogation facilities and output content and format; what this 
implies exactly will depend on the technical, geographic and 
administrative responsibilities and expertise of the particular user. 
These matters were discussed in some detail in the presentation by 
MORREY and WHITE (AS V>. However, it is not clear to what extent 
professional advice is being taken on such matters as the quantity and 
format of information provided in screen displays, the use of a 
colour, provision of "touch-screens" or "mouse" control etc •• 
Moreover, it is essential that the user understands the degree of 
confidence which can be attributed to results produced by a system and 
this is conveyed to him in a meaningful way. Even so, it appears that 
the user interface is currently based by and large on the subjective 
views of the system designers; even where the designers' technical 
abilities in the field of radiation protection closely approximate 
those of the intended user there could well be scope for appreciable 
improvement. 

On the international front, the potential problems of interfacing 
model results, already remarked on in the national context, could be 
still more severe. However, additional problems can be present as 
regards the collation and interpretation of measurements. ASCULAI and 
MILDNER (AS I) described the IAEA Convention for Early Notification of 
a Nuclear Accident for which the data content and format of 
informati.on to be transmitted is now prescribed; the European 
Community urgent radiological information system <3> extends that 
convention in a compatible manner. As national systems adapt to these 
standardized requirements the problems of collating measurements will 
be greatly relieved; however, problems of interpretation may rema.in. 
What is required is a more uniform approach to sampling procedures and 
methods of measurement allowing direct comparisons of the results froa 
all sources. This will necessarily be a longer term task. 

4. Conclusions 

The conference provided a timely overview of the state of the art of 
real-time, offsite, nuclear emergency management s.ystems. The 
Chernobyl accident has obviously resulted in considerable additional 
resources being allocated to the development of such systems and in 
the extension of their scope to cater for accidents of national or 
international scale. Technical improvements are proceeding apace both 
at the conceptual and detailed levels (even if some problems, such as 
modelling wet deposition, are still far from being resolved> and can 
be expected to continue, reflecting more powerful computing 
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facilities, improved mathematical techniques and a fuller 
understanding of en vi ronmenta L processes. However, there are two 
aspects which still give rise to concern. Regarding the diversity of 
systems being developed independently, it is obvious that this aspect 
is welcome in that it encourages innovation and improvement; on the 
other hand where model results obtained are interfaced at national or 
international Level the Lack of co-ordination could well exhibit 
problems of intercomparability and, even where these problems 
ultimately prove more apparent than real, understanding their origins 
and implications in the heat of accident conditions may be impossible. 
The same is true of the intercomparability (at least at international 
Level) of measured results. 

Finally, on the "user friendliness" of systems it would appear that 
more could be done than at present. Major resources are being 
allocated to the technical development of systems; but ultimately a 
system will only be useful to the extent that the user is able to take 
full advantage of the facilities offered. 
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ACCIDENT SURVENU DANS UN SILO DE STOCKAGE D'ENGRAIS 
A NANTES LE 29 OCTOBRE 1987 

M. Genesco 
Bureau des risques technologiques 

Ministere de l'Interieur 
Paris, France 

RESUME 

Le 29 octobre 1987, un incendie detruisit partiellement un silo de 
stockage d'engrais agricoles situe dans l'enceinte du port de Nantes. 

Une importante contamination atmospherique decoula de la decomposition 
des engrais, conduisant les autorites de Loire-Atlantique a prendre des mesu
res de protection pour les populations menacees par le developpement du nuage 
d'effluents chimiques. 

Le deroulement de cet evenement de reference au plan de la securite 
civile est decrit par la synthese chronologique precisee ci-apres. 

ACCIDENT AT A FERTILIZER STORAGE SILO IN NANTES ON 29th OCTOBER 1987 

ABSTRACT 

A fire on 29 October 1987 partially destroyed a storage silo containing 
industrial fertiliser located within the port area in Nantes. 

The large clouds of smoke generated by the burning fertiliser forced 
local authorities in the Loire-Atlantique departement to take steps to protect 
local inhabitants threatened by the expanding plume of chemical fumes. 

A detailed chronological description of this incident, which is the 
type of emergency for which the civil security plan was initially designed, is 
given below. 
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A. CHRONOLOGIE GENERALE DU DEROULEMENT DES OPERATIONS 

29 OCTOBRE 1987 

09 H 36 

10 H 04 

10 H 06 

10 H 13 

10 H 20 

10 H 28 

10 H 45 

11 H 15 

11 H 20 

11 H 25 

11 H 38 

11 H 51 

Alerte rec;ue a la caserne des sapeurs-pompiers de NANTES "Feu 
dans un silo a engrais". 

Capitainerie du port prevenue. 

Service d'hygiene de la mairie prevenu. 

Cellule "pollution" de la ville de NANTES sur les lieux. 

Le P.C. operationnel des sapeurs-pompiers est en place. Presque 
aussitot le quartier de la ROCHE MAURICE, immediatement sous le 
vent, fait !'objet de mesures de confinement. 

Installation d'une antenne medicale du S.A.M.U. 

Mise en place de la cellule de crise a la prefecture sous !'auto
rite personnelle du Prefet de la Loire-Atlantique, representant 
local de l'Etat, et comprenant : police, gendarmerie, protection 
civile, Direction Regionale de l'Industrie et de la Recherche 
(DRIR), Direction Departementale de l'Aide et Soins (DDASS) 
(hygiene du milieu) et port autonome. 

Premieres mesures de mise a l'abri dans la zone proche du nuage 
qui se forme (partie de NANTES dans un rayon de 1 km autour du 
lieu de l'incendie, communes de SAINT-HERBLAIN, COUERON, INDRE, 
LA MONTAGNE, SAINT-JEAN-DE-BOISEAU, LE PELLERIN, representant une 
population totale de 73 000 habitants environ. 

Instructions donnees a 11 H 21 par vehicules equipes de haut
parleurs, telephones aux maires et diffusion des communiques par 
les radios R.T.L., Europe 1, France-Inter, Radio Loire-Ocean, 
Radio Nantes, et quelques radios plus locales. 

Appel au port autonome pour la mise en oeuvre des remorqueurs 
prevus en renfort. 

Le directeur departemental des services d'incendie et de secours 
prend personnellement la responsabilite du P.C. operationnel sur 
place. 

Rapport de reconnaissance de l'helicoptere de la gendarmerie. 
Nuage en nappe s'etendant vers !'ouest sur une longueur de 10 km 
et une largeur de 3 km. 

Point meteo pour la journee avec la station de NANTES : vent de 
secteur 100°-120° - force 10 a 12 noeuds. Persistance de la si
tuation au moins jusqu'en soiree. Pas de precipitation a craindre. 
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11 H 55 

12 H 00 

12 H 30 

13 H 00 

13 H 07 

13 H 12 

13 H 50 

14 H 00 

14 H 15 

14 H 30 

Confirmation de la presence sur les lieux de l'equipe pollution 
de la ville de NANTES et d'un ingenieur chimiste specialise 
(usine d'engrais). 

A la prefecture, P.C. fixe entierement mis en place et en action 

Decision d'interruption de la circulation ferroviaire entre 
NANTES, LE CROISIC et REDON. 

Mise a l'etude d'une evacuation de la population en deux 
phases 

execution immediate dans un rayon de 1 km (risque potentiel 
d'explosion) 
execution ulterieure de la zone menacee par le nuage en 
fonction de la toxicite relevee par les controles (5 ppm 
pour l'acide nitrique). 

Autorisation de noyer le feu donnee au P.C. des sapeurs-pompiers. 

Noyage du foyer commence. 

Taux de toxicite releve a 5 ppm par la cellule de NANTES jusqu'au 
COUERON. 

Requisition de !'ensemble du pare des transports publics de 
!'agglomeration nantaise. 

2 remorqueurs "Abeille" en action. 

La SEMITAN (transports de !'agglomeration nantaise) envoie 10 bus 
a SAINT-HERBLAIN. 

Demande de mise a disposition de lances incendie speciales engrais 
aux deux usines de MONTOIR et BASSE-INDRE. 

Demande officielle du concours de l'armee. 

Demande a la direction departementale des services d'incendie et 
de secours voisine d'ANGERS de l'envoi de la cellule mobile 
d'intervention chimique et de 20 appareils respiratoires isolants. 

Declenchement du Plan "ORSEC" par le Prefet. 

Decision d'evacuation des communes de SAINT-HERBLAIN, INDRE et 
COUERON vers ORVAULT, TREILLIERES, SAUTRON et LA CHAPELLE-SUR
ERDRE au nord de la Loire. 

Evacuation de BOUGUENAIS, LA MONTAGNE, SAINT-JEAN-DE-BOISEAU et 
LE PELLERIN vers MACHECOUL, SAINTE-PAZANNE et SAINT-PHILBERT-DE
GRANDLIEU au sud de la Loire. 

Diffusion des consignes par les ma1r1es, la police, la gendarme
rie, des voitures equipees de haut-parleurs et toutes les radios. 
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15 H 00 

15 H 15 

16 H 00 

16 H 10 

16 H 25 

17 H 08 

17 H 20 

18 H 00 

18 H 30 

19 H 00 

20 H 54 

22 H 00 

22 H 37 

23 H 00 

Sur le site, debit de 700m3 /hen permanence pour noyer !'entre
pot. 

Mesure de 40 ppm d'acide nitrique a l'entrepot. 

Reduction considerable de !'emission de fumees toxiques. Modifica
tion de l'apparence du panache (coloration). 

Engagement de la cellule mobile d'intervention chimique d'ANGERS. 

Arrivee de renforts en provenance du departement de la Vendee 
(27 appareils respiratoires isolants). 

Premiers prelevements de la Cellule Mobile d'Intervention 
Chimique (CMIC) d'ANGERS vers SAINT-HERBLAIN, resultats negatifs. 

Conference de presse du Prefet de Loire-Atlantique. 

Point sur le pourcentage d'evacuation realisee : 

Rive Nord 

SAINT-HERBLAIN : tres important mais non chiffre 
INDRE : 75 % 
COUERON : important mais non chiffre. 

Rive Sud 

LA MONTAGNE : 35 % 
LE PELLERIN : 100 % 
SAINT-JEAN-DE-BOISEAU : 20 %. 

Nouvelle mesure de toxicite tombee a 1 ppm. 

Arrivee de la colonne medicale et de la CMIC de Charente. 

Retablissement du trafic ferroviaire. 

La barge TROPHA est en action en complement des remorqueurs. 

Confirmation d'un retour a la normale sur le terrain balaye par 
le nuage. 

Decision d'autoriser les personnes evacuees a regagner leur 
domicile. 

Le P.C. operationnel annonce !'evolution vers !'extinction totale 
de l'incendie. 

Preparation des operations de penetration dans l'entrepot. 
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VENDREDI 30 OCTOBRE 

01 H 20 

01 H 58 

02 H 34 

05 H 00 

05 H 15 

05 H 55 

07 H 00 

Retrait de la cellule mobile d'intervention chimique d'ANGERS. 

Arrivee sur les lieux de la cellule mobile d'intervention 
chimique de ROUEN. 

Penetration dans l'entrepot. 

Incendie eteint. 

Dernier point meteo : temps calme, aucun brouillard ni nuage. 
Vent secteur 120° - vitesse 4 a 6 noeuds, aucune odeur suspecte. 

Retablissement du trafic portuaire. 

Levee du Plan "ORSEC". 

Decision d'un controle sanitaire ulterieur de la zone touchee par 
le nuage. 

Demontage progressif de la cellule fixe en prefecture. 

En fin d'apres-midi, mise en place d'un repondeur automatique diffusant 
un message faisant le point sur le sinistre. 

B. OPERATIONS DE LUTTE CONTRE L'INCENDIE 

L'alerte initiale re~ue a 09 H 36 par le stationnaire de NANTES faisait 
mention d'engrais NPK 15.8.22. 

L'etablissement LOIRET et HAENTJENS n'etait pas repertorie par les 
sapeurs-pompiers et n'etait done l'objet d'aucun plan d'intervention connu. 

Les premiers secours (un depart normal a 3 vehicules) sont arrives sur 
les lieux a 09 H 43. 

La premiere reconnaissance a permis au chef de garde de reperer la 
disposition des stockages en alveoles, les 2 premieres vers l'ouest contenant 
de engrais ternaire en vrac et, separee de celles-ci par 2 alveoles vides, une 
alveole contenant 750 tonnes de nitrate d'ammonium a 33,5 %. 

La presence de 2 futs de fuel est signalee dans l'entrepot. 

A l'arrivee des secours, le tas d'engrais NPK 15.8.22 degageait une 
fumee intense et tres epaisse, le feu non apparent couvant au sein de la masse. 

La reconnaissance terminee le chef de garde demande immediatement des 
renforts dont le conteneur mousse. 
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L'etablissement des lances a eau est rendu difficile par le develop
pement tres rapide du degagement des fumees qui va d'ailleurs motiver les 
premieres mesures de confinement des habitants directement sous le vent. 

L'information initiale relative a la nature du produit en feu 
(NPK 15.8.22) s'est perdue tres rapidement, et la seule mention conservee 
impliquait des engrais ammonitres. 

La mise en place d'un rideau d'eau interieur isolant la partie du ba
timent touchee par le feu de celle ou etaient stockes les ammonitrates, puis 
la creation d'exutoires en partie haute des murs ont ete les principales 
actions menees jusque vers 10 H 45. 

A 11 H 25, le directeur departemental des services d'incendie et de 
secours prend la direction des secours. 

La lutte vise un double objectif : noyer les engrais en feu et les 
ammonitrates pour les empecher de s'echauffer. La protection du transformateur 
au pyralene est assuree. Les caisses a fuel placees pres des ammonitrates sont 
evacuees. 

La montee en puissance est rapide avec !'engagement immediat des 
renforts specialises provenant de VERTOU, SAINT-HERBLAIN, CARQUEFOU, REZE, 
SAINT-NAZAIRE, MACHECOUL, SAINT-PHILBERT-DE-GRANDLIEU et la raffinerie de 
DONGES. 

Les arrivees se succedent a cadence rapide : 

11 H 47 : REZE - 11 H 49 : VERTOU - 12 H 15 : SAINT-NAZAIRE - 12 H 30 
SAINT-HERBLAIN - 12 H 46 : VALLET et VERTOU - 13 H 08 : AIGREFEUILLE -
13 H 15 : MACHECOUL et ANCENIS - 13 H 35 : SAINT-NAZAIRE, SAINT-PHILBERT-DE
GRANDLIEU - 13 H 40 : CHATEAUBRIANT, LEGE et DONGES raffinerie - 13 H 50 : 
DONGES - 13 H 52 : SAINT-NAZAIRE. 

Deux remorqueurs sont mis en oeuvre pour le pompage en Loire, bien 
qu'engages dans la manoeuvre d'un navire qu'ils ont du achever, ils sont 
operationnels a 13 H 00. 

Les experts arr1ves a la cellule de crise preoccupes, comme la plupart 
des responsables, par la presnce de nitrate d'ammonium ont fourni des indica
tions contradictoires sur les risques d'explosion, la toxicite et la conduite 
a tenir (noyage ou non) qui ont retarde les secours dans leur action. 

En tout etat de cause, des que la consigne de noyer a ete donnee par un 
ingenieur chimiste du service d'hygiene de NANTES sur les lieux, et appliquee 
(soit entre 12 H 30 et 13 H 00), le feu ne pouvait que regresser jusqu'a la 
maitrise obtenue vers 16 heures. 

Les moyens mis en place par les sapeurs-pompiers, qu'il s'agisse de 
pompes ou d'appareils respiratoires isolants, ont ete suffisants. 

Par contre, !'alimentation en eau du secteur reste limitee et fragile 
ainsi que l'a prouve la rupture de la canalisation principale obligeant les 
sapeurs-pompiers a mettre leurs engins en aspiration dans la Loire, ce qui n'a 
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ete possible qu'a maree haute, puis a avoir recours aux remorqueurs, equipes 
eux-memes de pompes, pour alimenter leurs engins. 

Il faut signaler par ailleurs que des industriels vo1s1ns ont propose 
aux sapeurs-pompiers des lances type "Bourgeois" permettant d'injecter l'eau 
sous pression au sein de la masse en ignition. Leur mise en oeuvre n'aurait 
ete possible qu'au tout debut de !'intervention au moment ou l'on preconisait 
justement de ne pas mettre d'eau. 

C. OPERATIONS DE SUIVI DU NUAGE TOXIQUE 

Le nuage toxique n'a pas eu un developpement immediat des le debut de 
l'incident. Lors de la reconnaissance des lieux et du sinistre quelques mi
nutes apres l'alerte de 09 H 36, le capitaine des sapeurs-pompiers commandant 
les secours a pu approcher a quelques metres de la cellule ou se consumait 
l'engrai. Les employes de la societe avaient deja vide des extincteurs sur la 
masse. Une seconde reconnaissance apres equipement en protection respiratoire, 
dans les minutes qui suivent la premiere, n'a pu etre menee qu'en retrait de 
la premiere visite, indiquant par la une importance considerablement accrue de 
ce phenomene de fumee. 

Les experts s'accordaient sur la presence d'acide nitrique, de vapeurs 
nitreuses et chlore (a un degre moindre). Dans un premier temps, les recher
ches ont porte sur l'acide nitrique et les vapeurs nitreuses. Dans la soiree, 
l'accent a ete mis sur les vapeurs nitreuses. Pour prendre rapidement et avec 
precaution la mesure du risque toxique, des prelevements a l'interieur du 
nuage et a hauteur d'homme auraient ete necessaires en de nombreux points. Il 
aurait fallu, pour ce faire, disposer immediatement d'aeronefs munis d'un 
appareillage adequat et d'equipes mobiles en nombre suffisant. 

Aucun moyen aerien specialise n'existait a NANTES ou a proximite. les 
premiers tests au sein du nuage n'ont pu etre realises qu'en soiree par un 
helicoptere de type "superfrelon" envoye par la Marine Nationale. 

Pour les controles sur le terrain, une seule equipe etait disponible 
sur le champ, celle de la cellule pollution de la ville de NANTES. Elle a 
commence a operer des 11 H 00 sur le site puis s'est deplacee sur la rive nord 
dans toute la zone couverte par le nuage. 

TO XI CITE 

Le degagement de fumee devient done un veritable nuage vers 10 H 00 du 
matin. l'un des ouvriers de l'entrepot semble avoir ete hospitalise et garde 
en observatin. les temoignages indirects recueillis font etat d'observations 
(oiseaux evitant de penetrer le nuage ou y passant et tombant a la sortie sans 
mention de mort). Ce nuage paraissait done toxique. Deux autres personnes par
mi les intervenants ont aussi ete hospitalises pendant quelques heures. On 
parlera aussi de la presence de chlore dans le nuage. 
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OBSERVATIONS 

Ce qui frappe a prem1ere vue sur tous les documents filmes est la tres 
grande opacite et l'abondance de ces fumees. Les flots de fumee s'echappent du 
batiment en volutes lourdes, epaisses et ne montent dans le ciel qu'apres 4 a 
500 metres. Elle ne tombe pas au sol en sortant de dessous la toiture, lais
sant l'approche des abords possible. 

La couleur orange de certains endroits de la fumee laisse a penser que 
l'on a affaire a de grandes quantites de vapeurs nitreuses, tres toxiques par 
inhalation. De telles vapeurs se degagent normalement lors de la combustion ou 
decomposition des engrais nitrates. 

Vers midi la fumee au sol a une densite telle dans la zone sous le vent 
et approximativement dans l'axe du nuage, qu'une equipe du laboratoire de la 
ville de NANTES rebrousse chemin, la visibilite etant a peine de quelques 
metres. 

DEPLACEMENT 

Pousse par un vent soufflant du secteur est, la fumee rampe sur 
500 metres sans beaucoup s'etaler, puis elle monte sous un angle estime de 45° 
en s'etalant et devenant nuage. Elle constitue alors une couche nuageuse pla
fonnant aux environs de 400 metres de hauteur sur une epaisseur que l'on n'a 
pu observer. La vue d'helicoptere qu'on peut alors avoir laisse percevoir la 
region de fa~on relativement nette, sous un plafond nuageux opaque. 

A 12 H 00, le contour de ce nuage est delimite par l'helicoptere de la 
gendarmerie : panache approximatif de 6 km de long dans le sens de la Loire, 
pour 2 km de large. 

A 14 H 00, la longueur a double, ainsi que la largeur. 

A 18 H 00, selon le releve de gendarmerie, il s'etend jusqu'a SAINT 
BREVIN L'OCEAN et de PORNIC a PAINBOEUF en suivant la Loire au nord. 

VARIATION 

Dans le temps et vers 16 H 00, la couleur du nuage est passee de fumees 
rousses ou orangees a une couleur blanche ou plus noire selon les temoignages, 
ce qui est l'indice d'un changement dans la composition de la fumee. On sait 
en effet par ailleurs que la decision de noyer le feu a ete prise, les moyens 
mis en action depuis environ 2 heures. La fumee passe done d'une composition 
vapeurs nitreuses a une composition ou la vapeur d'eau se trouve de plus en 
plus grande quantite par action du feu sur l'eau deversee. 

COMPOSITION 

Les mesures et identification dont on dispose proviennent de la cellule 
antipollution de la ville de NANTES. A 11 H 00 est detectee la presence de 
chlore (3 ppm) et d'acide nitrique (50 ppm) dans les fumees sortant de l'entre
p6t. On ne dispose pas alors de tube de mesure pour vapeurs nitreuses. A midi, 
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hors fumee et a 10 m du hangar, les mesures donnent : chlore 0,5 ppm, acide 
nitrique 3 ppm, cependant que, a quelques kilometres (INDRE et COUERON) les 
mesures font etat, dans un vehicule ferme, de 2 ppm d'acide nitrique. C'est 
cette valeur qui va, par extrapolation a 5 ppm en atmosphere libre, servir de 
limite a ne pas depasser aux autorites pour prendre la decision d'evacuer. 

L'acide nitrique est dose dans le hangar en feu a 22 H 00 (50 ppm), a 
2 H 00 le 30 octobre (15 ppm), a 4 H 00 (0 ppm). Le chlore est encore detecte 
dans ce hangar aux memes heures, decroissant jusqu'a une valeur nulle a 6 H 00 
(feu eteint a 5 H 00). 

En fonction de la distance du lieu d'emission, l'acide nitrique est 
dose a 15 H 00 : INDRE (1 ppm) et COUERON, distance double (0,5 ppm). 

Les mesures de vapeurs nitreuses dont on dispose debutent dans le 
hangar a 22 H 00 (5 ppm), elles iront decroissant jusqu'a une valeur nulle a 
6 H 00 (meme remarque que pour le chlore). A l'exterieur et dans les villages, 
on detecte seulement des traces ou des valeurs nulles. 

L'acide nitrique HN0 3 provient bien evidemment de la decomposition 
thermique de la partie nitrate d'ammonium de l'engrais NPK qui en contenait un 
tiers. Quant au chlore, il est le produit de la decomposition du chlorure de 
potassium (un tiers aussi de l'engrais). La decomposition explosive du nitrate 
d'ammonium en l'absence d'oxygene conduit a la formation de protoxyde d'azote, 
gaz non toxique utilise comme anesthesiant, qui a ete a l'origine de la que
relle d'experts et a l'indecision operationnelle en resultant dans la soiree 
du 29 octobre 1987. 
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CHEMICAL AND NUCLEAR EMERGENCIES: INTERCHANGING LESSONS LEARNED 
FROM PLANNING AND ACCIDENT EXPERIENCE 

Vernon Adler 
The U.S. Federal Emergency Management Agency 

Washington, DC 

John H. Sorensen 
Oak Ridge National Laboratory 

Oak Ridge, TN 

George 0. Rogers 
Oak Ridge National Laboratory 

Oak Ridge, TN 

ABSTRACT 

Because the goal of emergency preparedness for both chemical and nuclear hazards is to 
reduce human exposure to hazardous materials, this paper examines the interchange of lessons 
learned from emergency planning and accident experience in both industries. While the concerns 
are slightly different, sufficient similarity is found for each to draw implications from the other's 
experience. Principally the chemical industry can learn from the extensive planning and exercise 
experience associated with nuclear power plants, while the nuclear industry can chiefly learn from 
the chemical industry's accident experience. 

LES SITUATIONS D'URGENCE CHIMIQUE ET NUCLEAIRE : ECBANGE D'ENSEIGNEMENTS 
TIRES DE L'EXPERIENCE EN MATIERE DE PLANIFICATION ET D'ACCIDENTS 

RESUME 

Etant donne que les plans d'intervention en cas de risque aussi bien 
chimique que nucleaire ont pour but de reduire !'exposition humaine a des 
matieres dangereuses, la presente communication traite de l'echange d'ensei
gnements tires de !'experience en matiere de planification d'urgence et 
d'accidents qui a ete acquise dans l'industrie chimique et dans l'industrie 
nucleaire. Bien que les preoccupations soient legerement differentes, il y a 
suffisamment de similitudes pour que chacune de ces industries s'inspire de 
!'experience acquise par l'autre. C'est ainsi notamment que l'industrie chi
mique peut mettre a profit la vaste experience en matiere de planification et 
d'exercices associee aux centrales nucleaires et que l'industrie nucleaire 
peut principalement tirer parti de !'experience de l'industrie chimique en 
matiere d'accidents. 
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INTRODUCTION 

The major thesis of this paper advances the notion that the sharing of knowledge will improve 
planning and preparedness for chemical and nuclear hazards beyond what can be achieved by 
merely drawing upon experience independent of one another. The general goals of emergency 
preparedness for chemical and nuclear accidents are the same: to reduce human exposure to 
hazardous materials and provide prompt care to any casualties in the event of accidental releases. 
In case of a release of radiation, the goal is to reduce doses that may contribute to latent cancers. 
In case of a release of chemicals, the goal is to reduce both exposure to peak concentration and 
total dose to prevent acute lethality and chronic health effects. Despite the different reasons for 
reducing or preventing exposure, key similarities exist. Both forms of preparedness are based upon 
the simple reality that dose cannot be prevented or reduced in accidents without prior coordinated 
planning and preparedness. In both cases, the inhalation pathway is of primary concern with 
secondary concern with deposition and ingestion pathways. The major means of population 
protection are the same and include evacuation, sheltering, and respiratory protection. Both 
nuclear and chemical accidents can develop quickly, threatening the nearby population with little 
or no prior warning. Finally, although the details of response efforts differ, the overall form of 
response is the same, particularly in the early phase of an emergency. 

Given these similarities, there is a compelling wisdom in sharing knowledge derived from 
planning and accident experience associated with chemical and radiological hazards. The transfer 
need not and should not be one way. The experience of the radiological programs in the U.S. can 
provide valuable input into chemical programs as well. 

The next section of the paper examines the U.S. experience with chemical accidents during 
the 1980's. Developments in emergency planning for chemical hazards in terms of national policy 
and community implementation of that policy are then reviewed. The next section illustrates how 
planning and accident experiences can be shared to improve preparedness for both chemical and 
nuclear incidents. Finally, some promising directions for future knowledge transfer are addressed. 

TilE U.S. EXPERIENCE WITH CHEMICAL ACCIDENTS 

In the decade of the 1980's, there have been, at a minimum, almost 800 evacuations in the 
U.S. prompted by the release or threat of a release of hazardous materials. Figure 1 shows the 
incidence of reported evacuations by type. On average, 90 evacuations are reported each year. 
The number increased markedly in 1985. This reflects, we suspect, the influence of the Bhopal 
accident on reporting as well as decision making. Evacuations were likely to receive greater 
publicity after that event. In addition, there is reason to suspect that public officials have been 
more willing to recommend or order an evacuation in order to err on the side of caution. 

During the period from 1980 through 1984 non-occupational exposure to chemicals, which 
led to reported injury, occurred in one out of every four incidents [1]. On average 28 people were 
injured due to exposure in those evacuations in which exposures occurred. During that same 
period only one suspected non-occupational fatality occurred. The experience world-wide and 
during other time periods in the U.S. shows a different picture. The most serious accident in U.S. 
history was caused by a ship explosion (ammonium nitrate) in Texas City in 1947, which killed 552 
people. Most recently, a natural gas explosion in the USSR killed a reported 400 people. 
Estimates of the fatalities at Bhopal range between 2500 and 10,000 [2,3] with an additional 200,000 
injuries [4]. 
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Given this record, two points germane to the thesis of this paper are clear. First, the U.S. 
has had much more experience with chemical accidents than with nuclear. The Three Mile Island 
accident (TMI) remains the only nuclear incident that has led to off-site response. Chernobyl did 
not disrupt the lives of residents of the U.S. as it did in Europe. In the U.S., readiness for a 
nuclear accident comes through exercises. These exercises, however, cannot fully duplicate the 
lessons learned from real emergency situations. The nuclear industry can therefore learn from the 
real world of chemical incidents. The second clear lesson is that the likelihood of injury or 
imminent death is far greater in chemical accidents. Even at Chernobyl, no acute fatalities occurred 
among the general public. 

STATUS OF EMERGENCY PLANNING FOR CHEMICAL ACCIDENTS 

Unfortunately our ability to learn lessons from responses to chemical accidents is constrained 
by the fact that overall preparedness levels, for chemical emergencies is low for most U.S. 
communities. Frequently, response to such emergencies is done in an ad hoc manner due to the 
fact that most U.S. communities ignored the danger of chemicals until the accident at Bhopal. The 
accident at the Union Carbide Plant in Bhopal, India on December 3, 1984, was caused by a 
release of methyl isocyanate (MIC). This initiated concern in the U.S. that catastrophic chemical 
accidents could also occur in U.S. facilities. This was partially confirmed when, on August 11, 1985, 
a release of chemicals during the production of aldicarb from Union Carbide's Institute, West 
Virginia facility sent 130 people to the hospital [5]. Later investigations revealed many violations 
of safety procedures and poor management practices. In 1986, Congress passed the Superfund 
Amendments and Reauthorization Act (SARA). Title III of that Act, titled "Emergency Planning 
and Community Right to Know," mandated the requirements for emergency planning for chemical 
accidents. Among the key features of Title III are: 

establishment of State Emergency Response Commissions (SERC) which establish 
within each state a set of emergency planning districts and appoints a Local Emergency 
Planning Committee (LEPC), 
the LEPC must prepare a comprehensive emergency plan, 
this plan must be reviewed at least yearly or when changes occur in the community or 
covered facilities, 
the LEPC must evaluate its need for resources necessary to develop, implement, and 
exercise the plan, 
plans must be submitted to the SERC for review, and 
a set of planning elements is specified in the law. 

In 1988, a survey was conducted to ascertain the status of emergency preparedness for 
chemical hazards in U.S. communities [6,7]. The survey was replicated with a random sample of 
400 communities in the Federal Emergency Management Agency's (FEMA) data base on 
community emergency plans that indicated that they had at least one fixed-site hazardous material 
facility in the community. Responses were received from slightly over 50% of the communities. 
These data provide us with the means of assessing the status of planning and preparedness for 
chemical hazards. Survey results regarding various practices are shown in Figure 2. 

Almost all communities surveyed (98%) had a community emergency plan. Slightly over 
three-quarters of the communities addressed chemical hazards in their plan. Only 55% had annexes 
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specific to individual facilities. Fewer communities have developed emergency operating procedures 
for chemical accidents. Only 28% had developed a procedure to make a protective action decision 
while slightly more had a procedure for making a decision to issue a public warning. About half 
of the communities had attempted to provide some form of public education on chemical 
emergency response. 

In contrast, all communities potentially affected by a release at a nuclear power plant are 
required to have plans that address the nuclear hazards associated with the specific plant in order 
to obtain an operating licence. Furthermore, these communities, often with the help of the nuclear 
industry, have installed emergency warning systems that are required to alert people within specified 
emergency planning zones concerning the potential hazards and notify them regarding appropriate 
protective actions within specified time limits. 

The implications of these example findings are clear. Chemical emergency planning lags far 
behind radiological planning in a number of ways including exercises, plans, procedures, and 
response capabilities. Communities surrounding chemical facilities are simply less prepared to deal 
with emergencies. One way that communities can learn from the nuclear industry is in the vast and 
more rigorous planning experiences generated by the radiological emergency preparedness (REP) 
program. 

Despite the fact that chemical accidents that lead to public protection occur far more 
frequently than nuclear accidents, that more people have been killed worldwide and in the U.S. by 
chemical accidents than nuclear, and far more people are exposed to chemical releases than nuclear 
releases, the requirements for emergency planning for chemical accidents are far less stringent 
requirements than for nuclear power plants. The consequences of this disparity are underscored 
by the recent Valdez oil spill in Alaska which overwhelmed planning and response capabilities [8]. 

INSTITUTE, WEST VIRGINIA AND NANTICOKE, PENNSYLVANIA: 
CONTRASTING EXPERIENCES 

The benefits of the REP program for chemical emergency planning are illustrated by the 
differences in the Institute accident in 1985 and the March, 1987, accident at Nanticoke, 
Pennsylvania. The Institute, West Virginia accident occurred when a release of unknown chemicals 
occurred while producing aldicarb which is manufactured from aldicarb oxime, methylene chloride 
and MIC [9]. Later analysis identified some 26 chemicals that were released. The accident 
occurred at 9:25 a.m on Sunday morning. The cloud, described as being yellowish in color drifted 
over the communities of Institute, Dunbar, and West Dunbar with a total population of about 
11,500 people. Immediately after the release, warning sirens were sounded and radio and television 
announcements were made. The public was told not to evacuate. No evacuation routes had been 
established nor did a community emergency plan exist [2]. A total of 130 people were treated for 
injuries. 

Following the accident, two surveys were conducted: one with a random sample of 406 
households in the three communities [9]; the other with 130 victims. Only 5% of both samples 
reported being warned by the sirens. Among the victims, 45% learned of the release by smelling 
the fumes, three times the rate for the random sample. 

The experience of the community of Nanticoke, Pennsylvania, which was in a more advanced 
state of preparedness, stands in sharp contrast to the experience in West Virginia. The Nanticoke 
accident took place on March 24, 1987. A few minutes before 12:30 a.m., an electrical fire at a 
metal processing plant generated a toxic cloud of unknown materials or toxicity [10]. The fire 
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department was notified by 12:30 a.m. Twenty minutes later the industry-sponsored emergency 
information "hotline," CHEMTREC, was contacted. They advised the city to assume the worst case 
accident given the chemicals stored at the plant. Preplanning by the fire department had identified 
sulfuric acid as the worst case hazard. At 1:45 a.m., the Mayor was contacted and asked to make 
a decision. At 2:21 a.m., the decision was made by the Mayor to begin the evacuation of western 
Nanticoke. Almost immediately sirens for the nearby nuclear plant were sounded and the county 
activated the Emergency Broadcast System (EBS) to order a precautionary evacuation. Volunteers 
went door-to-door to supplement the sirens and EBS. Mobile public address systems on fire trucks 
were also used. The evacuation was expanded to include other areas at 2:50 a.m. and the entire 
town at 3:10a.m. The total evacuation of 16,000 people was completed in about two and one-half 
hours. No injuries to the population occurred. At 5:00 a.m. the fire was extinguished, although 
the evacuation remained in effect, as a precaution, until the afternoon. 

In the Nanticoke accident, a hazardous material evacuation plan had been developed to guide 
response. It was based on the same approach that had been used to develop a plan for a nearby 
nuclear facility that served as the model for an all-hazards planning approach in the community 
[11 ]. While some minor problems occurred, post accident assessments generally agreed that the 
response was successful and evacuation went very well, mainly due to the prior planning using the 
REP framework [11,12]. While most residents heard the sirens, there was initial ambiguity over 
the meaning of the sirens with many residents believing there had been a nuclear accident. Tests 
by the nuclear power plant indicate that 77% of the population in the emergency planning zone 
(EPZ) reported hearing a test of the sirens. This is in sharp contrast to the 5% who were warned 
by sirens at Institute. Overall, the incident indicates the impact that the REP program has had on 
emergency preparedness. When the 1983 Taft, Louisiana evacuation occurred in the EPZ of the 
Waterford Power Plant, the REP plan had not been integrated with hazardous material planning 
[13], even though the planning process helped in achieving an effective evacuation [14]. 

LEARNING FROM CHEMICAL ACCIDENTS: EVACUATION EXPERIENCES 

A study was conducted in 1987 at Pennsylvania State University to measure the risk of 
injuries and fatalities during emergency evacuations [15]. Data were collected from surveys sent 
to local emergency managers concerning 310 evacuations in the U.S. The purpose of the study 
was to estimate the risks of injury and fatality in an evacuation. While many of the central 
conclusions of the study are questionable, the data collected can be used to address other 
interesting emergency planning issues. Figure 3 shows data on the estimated size of the evacuation 
as measured by number of evacuees and the estimated clearance times as measured by the time it 
took to complete the evacuation to a safe location. This enables us to assess if it takes longer 
to move a greater number of people. The results, which are based on 66 chemical accidents with 
warning times of less than 10 hours and for which data are available, indicate that there is no 
significant relationship between the two variables. The prevailing logic among emergency planners 
is that it takes more time to move a greater number of people; this is not corroborated by these 
data. 

Two factors seem to intervene. First, the time it takes to evacuate is partly determined by 
the urgency of the situation. If there is the need to move quickly people respond accordingly. If 
the situation is not immediately threatening, people take more time. Second, as population 
increases, the infrastructure to move a greater number of people also increases. To test this latter 
proposition, the size of the evacuation is compared with the evacuation rate as measured by the 
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number evacuating per hour. As the number evacuating increases, the rate also increases. This 
supports the notion that some infrastructures help move larger populations in time frames similar 
to smaller populations. This does not mean that significant traffic congestion does not or cannot 
occur in evacuations. 

These results underscore the value of data on emergency evacuations. The current 
evacuation plans for nuclear power plants exist primarily on paper and are based on modelled 
evacuation time estimates and not on actual experience. 

LEARNING FROM CHEMICAL ACCIDENTS: WARNING EXPERIENCES 

On Saturday, April 11, 1987 at 12:29 p.m., a westbound Conrail freight train derailed in 
Pittsburgh, Pennsylvania. In the process of derailing, the westbound train sideswiped an eastbound 
train causing it to derail. Four tank cars containing hazardous materials on the eastbound train 
were derailed. Sparks resulting from the accident ignited a fire; however, none of the hazardous 
materials ignited. Pittsburgh emergency personnel initiated an evacuation upon arrival at the 
scene, about 20 minutes after the accident. Some local residents in immediately adjacent areas 
had already begun to evacuate. Up to 22,000 people were evacuated as the initial evacuation area 
was expanded to accommodate changing weather conditions. The fire was extinguished by 3:30 
p.m., however, the primary concern centered around a derailed tank car containing phosphorus 
oxychloride. This tank car developed a crack in the dome permitting between 30 and 100 gallons 
of lading to escape. By 5:50 p.m., the affected areas had been declared safe and the initial 
evacuation order was rescinded. A close inspection of the damaged tank car shortly after midnight 
detected continued degradation of the tank car. At 1:30 a.m. a second evacuation order affecting 
between 14,000 and 16,000 residents within a half mile of the scene was issued. This second 
evacuation order was not rescinded until 4:30 p.m. on Sunday, April 12, 1987. Approximately 25 
people were treated for eye and throat irritation at area hospitals, and three people were 
hospitalized during the course of the accident. 

On Wednesday, May 6, 1987 at 4:10 a.m., 21 of 27 "empty" tank cars carrying product 
residues, including propane, chlorine, caustic soda, carbon disulfide, methyl chloride, chloroform, 
and isobutane derailed in Confluence, Pennsylvania. Because tank cars carrying residue can haul 
up to 3% of the load, emergency officials had no way to determine the exact amount of products 
remaining in the cars. Emergency management officials initiated a precautionary evacuation of the 
986 residents. A three-minute non-stop siren blast was sounded, which primarily alerted the 
volunteer firemen. At approximately 4:30 a.m., a door-to-door and portable loudspeaker alert and 
notification of the emergency began using volunteer firemen and untrained volunteers, and within 
45 minutes the evacuation was complete. Assistance from area-wide emergency personnel sealed 
two leaking propane tankers by 9:48 a.m., but the chance of explosion and/or fire during wreckage 
cleanup prevented return until 6:10 p.m. 

Data collected by mail and telephone surveys regarding the timing of warning receipt 
following the train derailments in Pittsburgh, Pennsylvania and Confluence, Pennsylvania are 
summarized in Figure 4 as the cumulative proportion warned by time of receipt in terms of minutes 
into the event [16]. These are the only known data that have been collected on the timing of 
warning receipt following a technological accident. The measurement difficulties are clearly 
evidenced by the proportion of respondents that reported receiving warning prior to its occurrence. 

Both warning situations are characterized as primarily consisting of route-alerting and 
door-to-door warning systems. Each is characterized by an S-shaped curve, with the Confluence 
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warning reportedly approaching 90% warned in about two hours, and the Pittsburgh event 
reportedly approaching 80% warned in about three hours. However, because of methodological 
uncertainties, it is only possible to identify people who positively report having received some kind 
of warning it is not possible to identify those not receiving warning. While the warning situation 
in both Confluence and Pittsburgh are characterized by rapid dissemination in the first hour and 
half of the event, only 12.5% report being warned in the first 15 minutes in Pittsburgh while 36.8% 
reported being warned in the same period in Confluence. In Confluence, nearly 70% report 
receiving warning in the first hour, while only 23% report having received warning in the same 
period in Pittsburgh. Neither event is characterized by complete (100%) warning, and both indicate 
that very rapid onset emergencies can result in people being engulfed in danger prior to receiving 
warning. 

The implications of the findings are clear: ad hoc emergency response will not prevent 
exposure in events with short lead times. Without good planning and advanced warning 
technologies, protective actions cannot be quickly implemented. This reinforces the need for the 
REP warning requirements (15-minute 100% notification within 5 miles) given the possibility, 
though small, of radiological accidents with little or no forewarning. 

AREAS FOR FURTIIER INTERCHANGE 

This paper briefly explores the interchange of information that can benefit both the 
radiological and chemical emergency planning programs in the U.S. We are clearly seeing some 
positive benefits from shared experiences and knowledge. This is also manifesting itself in other 
ways at FEMA 

For example, FEMA is developing a program to improve preparedness for accidents at 
chemical weapons storage facilities in the continental U.S. In developing that program, many of 
the lessons learned from the REP program are being incorporated. For example, the program 
planning checklist and program standards are being modelled after NUREG 0654/FEMA REP 1 
[17], a joint agency guide for developing radiological response plans. 

FEMA is also preparing technical guidance on public alert and notification systems for 
chemical emergencies. Much of the background in the report on alert and notification technology 
is based on experience with developing FEMA REP 10 [18], the guidebook on warning systems for 
radiological planning. In addition, valuable data derived from FEMA's efforts to certify the 
alert/notification criteria in NUREG 0654/FEMA REP 1 are being incorporated. The REP 
program has pushed warning system technology into the modern age and such benefits can be 
shared in integrated planning. 

Other areas which create opportunities for the REP program to build on chemical 
experiences are being pursued. For example, FEMA has just initiated a study that will investigate 
public response to shelter advisement in a chemical emergency. One fairly large planning 
uncertainty is whether the public will comply with an order to "stay put and button-up." In 
addition, FEMA has funded a study of evacuation experiences of institutional populations in 
chemical emergencies [19]. Furthermore, studies of human response to siren-based warning systems 
in chemical accidents may help validate results of FEMA surveys on public notification following 
siren tests. 

As improved emergency preparedness systems are developed and implemented, it also should 
not be forgotten that the nuclear industry can learn from the response of the chemical industry in 
the U.S. to the Bhopal accident. First, the industry, through the Chemical Manufacturers 
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Association, initiated a program of enhanced chemical preparedness [20]. The Community 
Awareness and Emergency Response (CAER) program relies on industry initiative in working with 
local governments. The program seems to have been implemented seriously by major chemical 
manufacturers, although not by more marginal firms. Second, major firms initiated steps to reduce 
the potential source terms by reducing chemical inventories or by changing production methods. 
At one point, both the chemical and nuclear industries believed bigger was better. The economies 
of scale, however, failed to fully capture the costs of catastrophic accidents. This was recently 
reflected in the oil spill from the massive Valdez tanker. In the long run, such economies must 
be recalculated in order to achieve improved public acceptance of these technologies. 

This poses a subtle irony; due to regulatory response to accidents, the status of emergency 
planning is most secure for nuclear plants. Due to recent efforts such as Title Ill, CAER, and 
source term reduction, larger chemical facilities are much safer than a decade ago. Large facilities 
are more likely to have adopted planning and safety practices because they can afford to, they are 
more visible in the community, and they are concerned with liability. Small marginal facilities still 
pose significant risks to public safety. These small marginal facilities present an emergency 
management problem that is far greater than dealing only with large chemical facilities, because 
they are less likely to have adopted enhanced emergency plans and safety practices. 

This paper explored some of the synergism gained by the transfer of knowledge in planning 
for different technological hazards. It is quite evident that such a transfer can occur and should 
be encouraged. The vast experience gained from chemical accident experience and the planning 
and exercise knowledge gained from the REP program make the transfer viable. 
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LA GESTION D'UNE CRISE D'ORIGINE ENVIRONNEMENTALE: 
LE CAS DE SAINT-BASILE-LE-GRAND, QUEBEC, CANADA 
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RESUME 
L'incendie d'un entrepot de BPC necessita l'evacuation de 3800 
personnes durant trois semaines. Les problemes a resoudre furent: 

l'angoisse de cette population 
l'incertitude a l'egard du degre et de l'extension de 
la contamination 
la duree et la complexite des travaux scientifiques 
la difficulte de la coordination et du controle de 
qualite des analyses de laboratoires 
la pression des medias et de l'opinion publique 
la multiciplicite des intervenants et des niveaux 
d'intervention 
l'incertitude des roles des nombreux intervenants 
le caractere inusite de l'evenement et la faible 
preparation gouvernementale pour y faire face 
la fatigue des intervenants et le stress accru avec 
la duree de l'evenement 

MANAGING AN ENVIRONMENTAL CRISIS: 
THE CASE OF SAINT-BASILE-LE-GRAND, QUEBEC, Canada 

ABSTRACT 

When a fire broke out in a PCB warehouse, 3800 persons had to be 
evacuated in three weeks. The following problems needed to be 
solved: 

anxiety of Saint-Basile-Le-Grand inhabitants, 
uncertainty about the level and scope of contamination, 
length and complexity of scientific projects, 
difficulty of laboratory analysis coordination and 
quality control, 
pressure from the media and public opinion, 
the diversity of individuals and organizations 
involved and numerous levels of involvement, 
uncertainty about the roles of all involved, 
the unusual character of the occurrence and the 
government's lack of readiness to deal with it, 
the fatigue of all involved and mounting stress as 
the event wore on. 
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LA SITUATION 

Un incendie s'est declare dans la soiree du 23 aout 1988 a Saint
Basile-le-Grand dans un entrep6t renfermant des barils et des 
equipements electriques contenant des huiles contaminees en BPC. 
Les pompiers ont repondu au premier appel a 20 h 26 et l'incendie 
a ete maitrise six heures plus tard. Environ 40 barils sur 500 
(8%) entreposes ont brule. Ceci represente 1680 gallons d'askarel 
(huiles contenant plus de 60% de BPC). De plus, entre 1000 et 5000 
gallons d'huiles contaminees issues de transformateurs ont ete 
incendies. On presume egalement la presence de solvants susceptibles 
d'avoir alimente les flammes. La temperature du feu a ete estimee 
a environ llOOoC. 

La combustion incomplete des BPC genere habituellement des furannes 
chlores. La combustion de matieres organiques en presence de 
composes halogenes peut aussi generer des dioxines. Les risques 
potentiels relies a cet incendie sont de deux types: 

l'exposition aigue (court terme) aux BPC, dioxines et 
furannes a de fortes concentrations lors de l'incendie par 
l'inhalation de fumee; 

l'exposition chronique (long terme) a de faibles concentrations 
de ces contaminants disperses dans l'environnement par 
inhalation, ingestion ou contact. 

Suite a l'incendie, une zone d'evacuation de la population a ete 
determinee a la suite de l'observation du comportement du panache 
.de fumee se degageant du brasier. Cette zone etait la plus 
susceptible d'avoir ete contaminee par la suie et les particules 
provenant du panache. 

Durant l'incendie, il fallut evacuer quelque 3800 personnes 
rapidement et temporairement relog~es dans des ecoles, puis des 
hotels avoisinants. 

Un incendie dans un entrep6t de BPC degage un nuage de substances 
toxiques exposant ainsi un large territoire a usage multiple 
(residentiel, agricole, prises d'eau potable) a un danger reel. 
Cette situation met en presence des substances hautement toxiques. 
Vu le nombre de foyers impliques et la surface evacuee, il est 
impensable, dans les conditions actuelles de la science, d'evaluer 
s'il y a risque pour la population de reintegrer leur quartier dans 
un delai de mains de 15 jours. 

En tel cas, il faut evacuer rapidement la population de fa9on 
prioritaire en tenant compte que la periode d'evacuation peut se 
prolonger. 
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Meme si la population est en securite physique, apres l'evacuation, 
elle est en etat de choc psychologique. Les evacues se sentant 
menaces, ils sont devant l'inconnu. Des personnes plus vulnerables 
sur le plan psychologique ou physique, se retrouvent parmi les 
personnes evacuees comme par exemple les personnes agees. 

Bref, 

l'angoisse de cette population 
l'incertitude a l'egard du degre et de l'extension de 
la contamination 
la duree et la complexite des travaux scientifiques 
la difficulte de la coordination et du contr6le de 
qualite des analyses de laboratoires 
la pression des medias et de l'opinion publique 
la multiplicite des intervenants et des niveaux 
d'intervention 
l'incertitude des roles des nombreux intervenants 
le caractere inusite de l'evenement et la faible 
preparation gouvernementale pour y faire face 
la fatigue des intervenants et le stress accru avec 
la duree de l'evenement 

ont presente autant de problemes qu'il fallut resoudre au fur et 
a mesure, sans planification globale ni exercice prealable. 

LA MISSION DU MINISTERE DE L'ENVIRONNEMENT 

Au debut de l'operation, le ministere de l'Environnement contribua 
avec d'autres intervenants a determiner la necessite d'une evacuation 
et a definir le perimetre a evacuer. 

Par la suite, le Ministere proceda a diverses analyses afin 
d'evaluer: 

s'il etait securitaire de permettre aux gens de 
reintegrer leur demeure dans la zone evacuee; 

s'il y avait presence de contaminants attribuables 
a cet incendie hors de la zone evacuee. 

La recherche des polychlorodibenzodioxines (PCDD) et poly
chlorodibenzofurannes (PCDF) dans les differents echantillons 
preleves est une operation tres longue et tres delicate dG aux 
niveaux recherches qui sont tres faibles et aux nombreuses 
manipulations requises. De plus, cette analyse doit etre effectuee 
dans des laboratoires hautement specialises par des gens tres bien 
entraines dans l'analyse de ces composes et utilisant les appareils 
les plus modernes. Normalement, l'analyse de ces composes necessite 
de trois a cinq jours dG au nombre eleve de manipulations necessaires 
ainsi qu'a leur complexite. 

- 284 -



Afin de repondre le plus rapidement possible a ces questions, le 
ministere de l'Environnement du Quebec et Environnement Canada ont 
precede a l'echantillonnage des secteurs urbanises alors que le 
ministere de l'Agriculture, des Pecheries et de l'Alimentation 
du Quebec a precede a l'echantillonnage des secteurs agricoles. 
Sante et Bien-Etre social Canada, le ministere de l'Environnement 
de l'Ontario et le departement de l'Environnement de l'Etat de 
New York ont egalement collabore a cette etude. 

Un groupe de travail sur la "caracterisation environnementale" fut 
mis sur pied pour planifier l'echantillonnage. Ce groupe de travail 
avait egalement pour mandat de colliger et d'interpreter les donnees, 
d'assurer un role de coordination des analyses chimiques, de 
controler la qualite des analyses de meme que de valider les donnees 
colligees. Dans le but d'optimiser l'interpretation des resultats, 
le groupe a travaille de fa9on concertee avec le groupe des experts 
en sante. 

Au total, quelque centaines de scientifiques et techniciens 
specialises dans les questions environnementales, en provenance 
des milieux gouvernementaux et du secteur prive, ont ete mis a 
contribution dans cette operation. De nombreux (533) echantillons 
de sol, d'eau et d'air et des frottis de surface ont ete preleves 
pour analyse des BPC, dioxines et furannes. 

Bref, le role du ministere de l'Environnement a alors consiste a: 

circonscrire la nature et l'ampleur d'un desastre de 
nature ecologique; 

contribuer aux mesures d'urgence a l'egard des personnes 
et de la nature; 

assurer la caracterisation environnem~ntale, a court et 
a long terme; 

elaborer et mettre en oeuvre des mesures d'attenuation; 

elaborer des options de mesures de restauration eventuelle 
et les mettre en oeuvre; 

assurer un suivi environnemental a long terme (eau, air, 
sol, faune, flore). 

L'EXECUTION DES OPERATIONS 

Au niveau des operations, il ressort de l'analyse des gestes poses 
que: 

lo- le plan d'urgence de la municipalite et les systemes d'alerte 
du Ministere ont bien fonctionne et tous les intervenants 
"ressources" ont pu etre rejoints rapidement : 
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Service d'incendie 
Policiers de la Surete du Quebec 
Urgence Environnementale 
Environnement Canada 
CANUTEC 
Hydro-Quebec 
Docteur Carrier (en tant que specialiste des BPC) 
Le Bureau de la Protection civile du Quebec 
Les forces armees canadiennes de Saint-Hubert (incendie) 
Sanivan (recuperation et expertise) 
Shell et Petro-Canada (equipement de lutte a l'incendie 
en alerte) 
Eco-Recherche (laboratoire) 

2o- les intervenants ant bien reagi; les decisions ant ete avisees 
et bien appliquees, notamment au niveau de l'evacuation. 

Quant aux interventions au cours des journees qui ant suivi, on 
peut resumer ainsi: 

a) Ministere de l'Environnement 

Il s'est attache a organiser les analyses de caracterisation 
de la zone evacuee, a organiser les centres d'information 
(pour les citoyens et les medias) avec la collaboration des 
municipalites, a assurer la securite du site d'entreposage, 
a assurer la cooperation avec les services medicaux et les 
services offerts par Environnement Canada. 

b) Les autorites municipales 

Celles-ci sont responsables des interventions d'urgence sur 
leur territoire et elles doivent veiller a la securite de 
leurs residents. Leurs services d'incendie sont rapidement 
intervenus et ils ant precede a l'evacuation selon les conseils 
regus et en prenant eux-memes plusieurs initiatives heureuses. 

Elles ant continue a assurer une coordination de certaines 
operations jusqu'a la nomination d'un coordonnateur officiel 
representant le gouvernement du Quebec. 

c) Les autorites policieres 

Elles doivent maintenir l'ordre et dans ce cas-ci participer 
a l'evacuation des gens. Le comportement des policiers a ete 
tres professionnel et leur arrivee a la coordination generale 
ainsi que l'ensemble de leurs ressources logistiques ant ete 
un atout important pour gerer la situation. 
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d) Environnement Canada 

Environnement Canada a ete implique des les premieres heures 
de l'evenement: 

lo- par l'entremise de son service d'environnement 
atmospherique; 

2o- en analysant la situation et en proposant une strategie 
d'echantillonnage; 

3o- en fournissant personnel, equipement et facilites de 
laboratoire. 

e) Ministere de la Sante et des Services sociaux 

Cet organisme, via les Departements de sante communautaire, 
a pour mandat de proteger la sante des collectivites. Bien 
que peu de D.S.C. ont une structure leur permettant d'intervenir 
en situation d'urgence, leur intervention rapide, leur 
credibilite et leur integration a l'ensemble furent des 
conditions sine qua non de succes. En particulier, la direction 
du Centre de toxicologie du Quebec fut une contribution majeure 
et indispensable. 

Les autorites medicales des D.S.C. ont etabli un protocole 
d'examen des personnes exposees et ont organise un service 
d'examen medical aupres de quelque 6000 personnes et 500 
travailleurs exposes. 

f) Ministere de l'Agriculture, des Pecheries et de l'Alimentation 

Cet organisme doit s'assurer, entre autres, de la qualite des 
aliments mis en marche. A ce titre, les specialistes du MAPAQ 
ont analyse 472 echantillons divers, saisi des produits sur 
3500 acres et emis des avis a la population en fonction d'un 
perimetre de protection qu'ils ont etabli. 

g) Bureau de la Protection civile 

Cet organisme fut surtout implique au niveau du support 
logistique et de l'aide financiere a la population evacuee. 
Par la suite, il fut aussi actif au niveau de l'information. 

h) Entreprises privees 

Compte tenu de la gravite de l'evenement, certaines entreprises 
specialisees se sont presentees spontanement sur le site de 
l'accident et ont offert leur collaboration pour contenir les 
contaminants aux abords de l'entrepot et pour realiser des 
analyses de BPC. 

- 287 -



PRINCIPALES DIFFICULTES RENCONTREES 

Au risque d'etre trap simplificateur, on peut dire que l'intervention 
d'urgence s'est bien deroulee jusqu'au matin du 24 aoat 1988. Par 
la suite, les difficultes suivantes sent apparues: 

lo- lignes telephoniques engorgees et difficultes d'obtenir des 
lignes telephoniques supplementaires (Bell Canada en greve); 

2o- difficultes reliees a l'information incomplete des citoyens 
evacues; 

3o- difficultes reliees aux centres d'hebergement inconfortables; 

4o- presence envahissante et parfois alarmiste des medias; 

5o- difficultes dans la coordination du plan d'echantillonnage; 

6o- engorgement des laboratoires mis a contribution face a la 
duree et au grand nombre des analyses specialisees; 

7o- difficultes pour les experts qui disposent alors de peu de 
donnees, d'interpreter rapidement et d'informer la population; 

8o- information imprecise et variable sur les delais requis avant 
la reintegration des maisons evacuees; 

9o- difficultes et incertitudes initiales concernant la coordination 
de l'operation: trois municipalites touchees et quatre ou cinq 
intervenants gouvernementaux majeurs. 

LOGISTIQUE ET COMMUNICATIONS 

La logistique pour une operation de cette envergure fut defaillante, 
particulierement jusqu'a l'arrivee des renforts de la sarete du 
Quebec, plus habituee et mieux equipee pour des manoeuvres d'une 
certaine amplitude. 

Malgre la totale collaboration de la petite municipalite de Saint
Basile, l'exiguite des locaux et le nombre d'intervenants ne 
permettaient pas le deploiement spatial requis par les nombreuses 
equipes a l'oeuvre. 

L'arrivee de la Surete du Quebec et l'organisation sur base des 
roulettes, modifia sensiblement la situation. 

L'organisation tardive d'un centre d'information et d'un centre 
de presse est a signaler. 

- 288 -



Au niveau des laboratoires, il est evident que le nombre et la 
complexite des analyses a faire et le peu de laboratoires habilites, 
se sont conjuges a la difficile planification initiale et ont cree 
un engorgement des travaux et de la validation des resultats. 

Les laboratoires specialises mis a contribution n'etaient ni prets 
pour une telle quantite d'analyses en urgence, ni prepares a 
travailler ensemble. Neanmoins, les efforts considerables deployes 
ont permis de fournir des donnees nombreuses, valides et fiables. 

Au plan de l'administration, l'attitude des autorites 
gouvernementales face a l'ampleur de l'urgence a permis de Couper 
court aux procedures d'approbation habituellement longues et 
inappropriees dans les circonstances. De fa9on particuliere, les 
moyens a la disposition de la SGrete du Quebec et son mode de 
fonctionnement ont pu accelerer la mise en place de certaines mesures 
administratives et logistiques. 

Au niveau des communications, les delais pour la mise sur pied d'un 
centre de presse ant contribue a miner la confiance. Des 
informations rapides et contradictoires sur le contenu de l'entrepot 
et les difficultes d'interpretation des donnees ont constitue des 
handicaps longs a surmonter en terme de credibilite. 

COMMENTAIRES ADDITIONNELS 

Le role des experts 

La decision d'obtenir l'avis d'experts exterieurs au Quebec 
fut excellente et contribua a la credibilite des travaux et des 
decisions. Toutefois, leur grand nombre, leur arrivee progressive, 
la composition heterogene (Organisation mondiale de la sante, New 
York, comites de citoyens, etc.), la langue et l'imprecision des 
roles respectifs ont cree certaines difficultes de fonctionnement. 

L'analyse de risques 

Un des outils decisionnels-cles dans de telles situations est 
notre capacite a proceder a une analyse de risques. Un petit groupe 
de travail se mit a pied d'oeuvre rapidement et les travaux de ce 
groupe fut des plus utiles aux experts internationaux qui ant 
confirme la validite de ces tr~vaux. 

Capacite des laL~ratoires 

Point n'est besoin d'expliciter les problemes qui furent lies 
a la capacite et a la concertation entre les laboratoires. La 
concertation entre les methodes utilises et les criteres de 
validation est absolument essentielle et doit faire l'objet de 
preparation en dehors de toute crise. 
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Planification de la gestion des crises 

Les evenements ant demontre la necessite d'une preparation et 
d'une integration des activites. C'est la un defi majeur que de 
definir a l'avance comment s'integreront les roles et de preciser 
qui a autorite sur qui et sur quoi et quelles sont les directives 
en force en de telles circonstances. 

La liste des organismes en annexe et leur role illustre a elle 
seule la complexite de cette tache. 

LISTE DES INTERVENANTS 
ET 

LEUR ROL~ESSENTIEL 

Intervenants 

1. Municipalite de Saint-Basile 

2. Protection civile du Quebec 

3. Protection civile du Canada 

4. Ministere de la Sante et des 
Services sociaux du Quebec 

5. Sante et Bien-Etre Canada 

6. Ministere de l'Agriculture 
du Quebec 
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Role 

• Representation des citoyens 
aux diverses reunion du 
Comite de coordination 
ou des actions prises 
sont discutees . 

• Coordination des ressources 
financieres et materielles 
des Ministeres et Organis
mes provinciaux impliques . 

• Etablissement de centres 
d'information a l'intention 
du public affecte . 

• Coordination des ressources 
financieres et materielles 
des Ministeres et Organis
mes federaux impliques . 

• Organisation des examens 
medicaux et suivi epidemio
logique. Centre special 
de services sociaux mis 
sur pied pour les prochains 
six mois . 

• Support a Sante et Services 
sociaux du Quebec . 

• Coordination de l'echantil
lonnage des terres agrico
les et de l'inspection 
des marches de vente des 
produits de la region. 



7. Agriculture Canada 

8. Ministere de l'Environnement 
du Quebec (MENVIQ) 

9. Ministere du Loisir, de la 
Chasse et Peche du Quebec 
(MLCP) 

10. Environnement Canada 

11. Ministere de l'Environnement 
de l'Ontario 

12. Ministere de la Defense 
nationale du Canada 
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• Support a Agriculture 
Quebec pour !'inspection. 

• Coordination des travaux 
au site (confinement, 
decontamination, demante
lement) . 

• Coordination de l'echantil
lonnage de suivi: eau, 
air, sol . 

• Coordination des analyses 
des laboratoires . 

• Centre de communication 
aux medias . 

• Coordination de l'echantil
lonnage de la flore et 
de la faune pour connaitre 
l'impact de l'incident. 

• Support au MENVIQ pour 
la coordination de l'echan
tillonnage durant 
l'evenement. 

• Support au MENVIQ pour 
les previsions meteoro
logiques locales (station 
meteo installee a Saint
Basile) durant l'evenement. 

• Support au MLCP par le 
Service canadien de la 
faune pour l'echantillon
nage de la faune afin 
de determiner l'impact 
de l'incident. 

• Support au MENVIQ pour 
la detection de BPC dans 
l'air ambiant avec le 
laboratoire mobile TAGA 
3000. 

• Support pour combattre 
l'incendie et pour ache
miner efficacement les 
echantillons vers les 
laboratoires de River 
Road (Ottawa) et des Eaux 
interieures (Burlington). 



13. Comite d'experts internationaux 
6 de1egues etrangers de l'Orga
nisation mondiale de la Sante 
6 Canadiens 
2 invites des U.S.A. 

14. New York State Department of 
Environmental Conservation 
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• Interpretations des resul
tats d'analyse (eau, air, 
sol). 

• Support au MENVIQ pour 
la detection de contami
nants dans l'air ambiant 
avec le laboratoire mobile 
TAGA 6000. 



THE MISSISSAUGA TRAIN DERAILMENT AND CHEMICAL CRISIS 
A LEARNING EXPERIENCE FOR PARTICIPANTS, PLANNERS 

AND EMERGENCY RESPONSE AGENCIES 

Gordon E. Bentley 
Fire Chief 

Mississauga Fire Department 
Mississauga, Ontario, Canada 

ABSTRACT 

In the late hours of November 10, 1979, a major freight train derailment 
triggered a massive fire releasing toxic vapours including chlorine, forced 
the evacuation of 220,000 Mississauga residents. The emergency, involving 
24 cars of various chemica 1 s, 1 as ted ten days and taxed the resources of 
three levels of government. 

At the height of the crisis people all over the world marvelled at the 
evacuation of Canada's ninth largest City. Journalists flocked to 
Mississauga from around the globe, as did public safety officials, 
scientists and students of emergencies and mass movements of people. Years 
later people are still interested in seeking answers to what has been 
described as a form of miracle as there were no deaths or serious 
lnJuries. This paper will attempt to provide a basis for understanding the 
enormous task that faced the elected representatives and the public service 
organizations. 

LE DERAILLEMENT DE TRAIN DE MISSISSAUGA ET LA SITUATION DE CRISE 
D'ORIGINE CHIMIQUE : ENSEIGNEMENTS POUR LES PARTICIPANTS, LES 

PLANIFICATEURS ET LES ORGANISMES D'INTERVENTION EN CAS D'URGENCE 

RESUME 

Le 10 novembre 1979 en fin de soiree, le deraillement d'un grand train de mar
chandises a provoque un gros incendie degageant des vapeurs toxiques, notam
ment du chlore, ce qui a oblige a evacuer les 220 000 habitants de Mississauga. 
La situation d'urgence, due au deraillement de 24 wagons contenant des produits 
chimiques divers, a dure dix jours et a necessite le concours de l'administra
tion a trois niveaux. 

Au plus fort de la crise, l'evacuation de la neuvieme ville du Canada a suscite 
l'admiration du monde entier. Des journalistes venus de partout se sont preci
pites a Mississauga, de meme que des responsables de la securite publique, des 
chercheurs et des etudiants s'interessant aux situations d'urgence et aux de
placements massifs de populations. Plusieurs annees apres, certains cherchent 
encore des explications a ce qui a ete decrit comme une sorte de miracle, car 
il n'y a eu ni deces ni dommage grave aux personnes. La presente communication 
vise a aider a comprendre l'immense tache a laquelle sont confrontes les re
presentants elus et les organismes de services publics. 
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THE SETTING AND BACKGROUND 

The City of Mississauga, in the Regional Municipality of Peel, is one of 
the great Canadian success stories of the post-war period. The entire 
Region went from a 1941 population of 31,000 to a 1971 population of 
260,000. In November 1979, there were more than that number of peop 1 e 
living in Mississauga alone. The present population is 435,000 and still 
growing. This spectacular growth is dependent, as much as anything, on 
transportation. The rivers, roads and railways criss-crossing the area 
west of Toronto were substantially responsible for the establishment and 
maintenance of the small towns and villages prior to 1940; while the power 
of the automobile fueled the great suburbanisation of the area beginning in 
the 1950's. In the words of a city brochure, Mississauga is "a city with 
the best connections and room to grow". 

The best connections include the Pearson International Airport (Toronto) in 
the city's north east; Highway 401 , Highway 403 and the Queen Elizabeth 
Way; and three mainline tracks operated by Canadian National and Canadian 
Pacific Railways. Each of these transportation facilities has claims to 
being the busiest transportation corridor of its kind in Canada. 

The pos s i bi 1 i ties for hazardous events whether connected or unconnected 
with transportation, have grown with the city. There have been previous 
emergencies: a high pressure natural gas pipeline explosion in 1969; an air 
crash near the airport in 1970; a hostage-taking incident in 1975; and 
another air crash, as well as an oil refinery fire in 1978. This case 
study incident was a train derailment which occurred just before midnight, 
November 10, 1979, at a level crossing in the centre of Mississauga. 

What this event reconstruction wi 11 try to pro vi de is not only an account 
of how this particular hazardous event affected the City of Mississauga and 
Peel Region on an unmatched scale; but also an account of the great 
resources - human and physical - that can be marshalled to match the scale 
of a hazard impacting a municipality. 

The Train and its Cargo 

At the time of its derailment on November 10, 1979, CP Rail Train 54 was 
nearing the end of a run from Windsor to the Toronto marshalling yards at 
Agi ncourt. It was made up of 3 engines and 106 cars. Thirty-eight of 
these contained "dangerous commodities": 28 carried liquid petroleum 
products, 5 petroleum derivatives, 4 caustic soda and one carried 90 tons 
of chlorine; 13 others carried materials not regulated as dangerous 
commodities, including styrene products, petroleum oil and automotive 
lubricating materials. Concentrated almost halfway down the train was a 
mixed assortment of 24 cars consisting of styrene, toluene, propane, 
caustic soda and the car of chlorine. 
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Cause of the Derailment 

The dera i 1 ment was caused by the overheating of a j ourna 1 box in the 33rd 
car. A "journa 1" is the extreme end of one of the axles, which support the 
railway car and are attached to the wheels. Each car has journal boxes 
which house the journals and regulate the friction between the moving axle 
and the mountings securing the axle to the car above through the use of 
bearings. Newer cars use roller bearings, but the 33rd car used plain 
bearings. In this case, the right-rear journal box of Car 33 began to 
overheat. 

Between Wins ton Churchill Boulevard and the dera i1 ment site, the train was 
travelling at approximately 80 kilometres per hour, a speed which was 
subsequently criticised, but which was acceptable according to regulations 
at the time. It, therefore, took the train approximately 10 minutes to 
cover the 13.4 kilometres between Winston Churchill Boulevard and Mavis 
Road. From the evidence, it seems that the journal box burnt through 
causing the rear axle assembly at the right rear of the car to drop. This 
was approximately 3 kilometres from Mavis Road. The right rear wheel began 
shifting to the south, until ultimately the entire axle went flying into a 
backyard alongside the tracks, just south of Burnhamthorpe Road. The car 
proceeded with the rear of the car trailing along the tracks, supported by 
the front two sets of wheels and the one remaining lead set of rear 
wheels. Crossings and switches were damaged all along the remaining 
route. The car made it over the switches at the next 1 eve 1 eros sing, 
although both front axles were damaged in passing and the ax 1 es probab 1 y 
shifted south, coming away from the car. Witnesses reported fan-like 
flames flying up the side of the tank car. 

For about 3 kilometres, the damaged train had been passing through 
residential neighbourhoods. Having managed to stay on the tracks past two 
level crossings it came into an industrial area again. On either side of 
the next crossing, the Mavis Road crossing, there were small factories and 
factory outlets, a Mississauga Hydro building and Mississauga Parks and 
Works Department facilities. Beyond the eros sing was the 1 as t s i gni fi cant 
space of open ground between Miss is sauga and Union Station in Toronto. 
About 1.5 kilometres further east, dense residential housing begins again. 
It was at this Mavis Road crossing, luckily enough, that the dangling 
undercarriage hit a switch into a Chemical plant and finally derailed. At 
23:54 the three engines and the first cars went through the crossing 
accompanied by "the screeching of metal". 

The Derailment 

Witnesses indicated an immediate massive fire on impact. Counting from Car 
32 back (33 becomes Car 1), 24 cars were derai 1 ed. Car 8 appears to have 
been badly damaged, exploding shortly after impact and the detonation flung 
parts of the car 50 metres eastward. Other propane and toluene cars were 
punctured and burning. Due to the momentum of the train, cars beginning 
with #33 tumb 1 ed and wedged some 50 metres beyond the street eros sing and 
the now disengaged front 32 cars and engines rolled a considerable distance 
east of Mavis Road before the air brakes stopped them. There was a second 
explosion, a massive BLEVE (Boiling Liquid Expanding Vapour Explosion), in 
which a tank car (probably Car 13) was hurled like a rocket, ultimately 
coming to rest 675 metres to the northeast. 
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At the heart of the jumble, possibly punctured or distorted by flame 
impingment or by the explosion of Car 8, was Car 7, filled with 90 tons of 
chlorine. Ahead of it on the tracks were four cars of caustic soda (Cars 
3-6); behind it were pieces of the ruptured car of propane (Car 8), three 
twisted cars of styrene (Cars 9, 10, and 11), and a long string of ten 
propane cars. Most of the propane cars were either ruptured or damaged, 
with their contents leaking or burning. The styrene cars and caustic soda 
cars were pouring their contents onto the tracks, through punctures or 
damaged outlet valves, as did two of the toluene cars. The last car in the 
derailment, a toluene car, was found still to contain its cargo when the 
cleanup finally began some days later. 

Initial Response: Police. Fire. Ambulance 

The first agencies to respond to the derailment were the Peel Regional 
Police, Mississauga Fire Department, and Halton-Mississauga and later the 
Metropolitan Toronto ambulance services. All of these organizations had 
had experience in emergencies and in p 1 anni ng together for emergencies. 
Pearson I nterna tiona 1 Airport to the north had been the scene of a number 
of major incidents in recent years. Only a year previously, the oil 
refinery tank farm fire at a Texaco plant in Port Credit, in the southern 
part of the City, had resulted in the evacuation of 1,000 people. All 
agencies had emergency plans prepared - indeed, the Fire Chief was in the 
process of reviewing and revising their plan in the week before the 
derailment. 

The Peel Regional Police Department's plan and response were of primary 
importance for the emergency as a who 1 e: the Po 1 ice Disaster Plan was the 
on 1 y forma 11 y dec 1 a red p 1 an in effect for the week and it provided the 
framework within which the emergency response deve 1 oped and the incident 
was brought to a successful conclusion. 

The circumstances of the derailment were such that cruising police units 
were a 1 erted by the 1 i ght of the exp 1 os ion. Three or four po 1 ice cars 
converged on the scene. The high visibility and shock waves of the 
explosion made an initial alert of fire personnel unnecessary. 
Firefighters at the Fairview Road Headquarters, 1 es s than a kilometre east 
of Mavis Road, saw the bright light, and were already putting on protective 
clothing when the first call came in. The dispatcher sent out his initial 
response at 11:56. 

Fire teams approached the scene separately from the north and sound end 
and, for the i ni ti a 1 period, there was only radio communi cation between the 
two teams. Si nee the derailment contained propane cars, and there had 
already been explosions, the firefighters were prepared for BLEVE's. These 
explosions are particularly dangerous, not only because the heating up of 
propane in the cars and the subsequent explosion of escaping gas can cause 
rocket-like hurling of tank cars for hundreds of metres, but because the 10 
to 15 minute delay before the explosion occurs may lull people into 
approaching too close to the site. The Fire Departments initial action was 
to keep the fire contained to one area by placing major fire streams at all 
points around the wreckage. Several nearby structures were in danger of 
ignition from radiant heat. Each time there was an indication of an 
impending BLEVE, the firefighters would have to 1 eave everything and run. 
The original strategy was for the placement of three master streams on each 
side. 
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The unmanned deluge sets worked automatically once they were set in place 
and cou 1 d pump over 20,000 1 it res of water per minute on the fire. The 
danger was in getting close enough to the fire before another BLEVE 
occurred. Pumper trucks were sheltered behind buildings, where pos sib 1 e, 
at some distance from the eros sing, and firefighters had to 1 ug hoses and 
de 1 uge sets up to as c 1 ose as 30 metres before being ab 1 e to turn and run 
to safety. 

The BLEVE at 00:09 was preceded by a whistling sound which gave a few 
moments warning. The BLEVE's which occurred at 00:09 and 00:16 not only 
destroyed a muni ci pa 1 recreation a 1 maintenance building and a number of 
warehouses nearby, but the shock waves caused window breakage and some 
structural damage to buildings within a 600 metre radius. The explosions 
lit up the night sky and were visible for 100 Km and temporarily scattered 
the army of onlookers who had become a major headache for the police and 
fire personne 1 . Traffic converged on the area and residents came out of 
their houses and walked towards better vantage points. Police began 
cordoning off an area to keep people back at least 600 metres. By 00:30, 
a 11 the factories north and south of the derailment had been checked or 
evacuated. 

The First Command Post 

At 00:19 hours the first police Command Post was set up outside a car wash 
south of the site on Mavis Road. The police requested that a senior fire 
official be assigned to this post. The nucleus of the command structure 
that would co-ordinate the emergency response was now taking shape. 

The greatest concern at this time was the potentia 1 exp 1 os ion of further 
propane cars, visible through the flames and smoke. In addition, the Fire 
Department was concerned about the possibility that heat would set off 
fires at nearby chemica 1 storage tanks. At this stage, however, there was 
1 ittl e to do except try and contain the b 1 aze, and put out sma 11 er fires 
scattered around the area near the railway crossing. The immediate problem 
of containing the fire began to be overshadowed by uncertainty over what 
might be in some of the cars jumbled together at the crossing. 

The train's conductor travelling in the caboose was badly shaken and 
bruised by the sudden impact. Picking himself up, he grabbed the train's 
manifest, a carbon copy of a computerized sheet deta i 1 i ng in code the 
contents of the cars on the train. For the next few minutes, he set up 
warning flares some distance along the west side of the track. He also 
tried to warn onlookers of the potential danger. Then he proceeded to 
report to a police sergeant on Mavis Road. After some consultations, he 
was advised to go to Fire Department Headquarters, but was rerouted to the 
Command Post at the car wash. The manifest was virtually impossible to 
read under the poor lighting conditions at the car wash and detailed 
analysis had to wait until the Command Post was removed to a new site. 

The Fire Chief a 1 so contacted 1 oca 1 propane experts who confirmed the Fire 
Department's operation a 1 procedures. Other noti fi cations in this period 
included the Transportation Emergency Assistance Program (Canadian Chemical 
Producers); the En vi ronmenta 1 Protection Services of Environment Canada; 
and the Ontario Ministry of the Environment (MOE). 
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First Emergency Meeting 

At 00:47 the Police Chief arrived on the scene. In the previous half hour 
there had been an attempt to locate a better site for a Command Post that 
would be able to accommodate an enlarging command structure. It was 
decided to locate in a office building not far from the car wash. A first 
meeting was held among all the senior personnel available. The Police 
Chief took overall command of the off-scene emergency, with the Fire Chief 
taking command of the on-scene firefighting activities. A senior police 
offici a 1 became the on-scene commander of police activities; and another 
police official was designated as Press Liaison Officer. Others at the 
meeting included Senior Fire Officers, members of the CP Railway Police, 
and a representative from MOE and two chemists from 1 oca 1 industry. An 
initial evacuation zone was ordered at this time. 

Examination of the train's manifest began in detail: it appears that the CP 
Ra i 1 offici a 1 s be 1 i eved the ch 1 ori ne car was not in the dera i 1 ed section, 
either because it was di ffi cult to determine how many cars were in the 
pile-up or it was difficult to determine which cars had actually derailed, 
since the front end of the train had proceeded away from the scene by this 
time. Numbers and placards on the derailed cars had been burnt off or were 
difficult to read under the hazardous conditions. 

The Command Post staff was dissatisfied with the assertion that the 
chlorine car was not in the derailed section and a ear-by-car visual check 
was ordered. This took 20 minutes, from 01:18 to 01:38, and revealed that 
the chlorine car was, in fact, in the centre of the derailed section of the 
train. A request that all personnel move back 600 metres from the scene 
was made, since further explosions and the release of toxic gases were 
possible. 

Worsening Situation 

The situation on site continued to deteriorate. Fumes from the styrene, 
toluene and chlorine car were becoming stronger and stronger. Moreover, 
although the fire had generally been contained, it appeared that the main 
body of fire fed by spreading pools of propane were heaviest in the 
presumed location of the chlorine car. 

The first evacuation was now nearly complete. From the initial evacuation 
order COl :47) to the assigning of security detai 1 s to the evacuated area 
(04:00), slightly over two hours had elapsed. The organizing of platoons 
at staging areas, provision of response tactical vehicles, and transit for 
evacuees had taken appro xi rna te 1 y 45 minutes. It is, therefore, reasonab 1 e 
to state that the door-to-door emergency evacuation of 3,500 people took 
from an hour and a half to two hours. 

The wind, which had been blowing from the northeast, began to shift due 
north, and then northwest. A check at 04:09 with the Environment Canada 
weather office produced the forecast of winds between 2 and 4 knots from 
the north or northwest. Fumes were now so strong that the Command Post was 
becoming untenable. The wind began veering in various northerly directions. 
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The Command Post was relocated to a Bell Canada building and parking lot on 
Mavis Road, 500 metres north of the tracks. This would become the 
permanent site for the Command Post. 

The size of the response operation required began to become apparent. The 
members of the Emergency Operations Control Group, as specified in the 
Police Disaster Plan, were advised to come to the scene. The Control Group 
was to be composed i niti a 11 y of the Po 1 ice and Fire Chief, the Mayor of 
Mississauga, Hazel McCallion, and the Chairman of Peel Region, Frank Bean. 

At 04:15 the second stage of the evacuation was ordered, involving 350 
people almost directly south of the site (Figure 2.5). Slightly later, at 
04:31, all supervisory personnel south of the site were themselves 
evacuated to the north of the site. By 05:58 evacuation stage 2 had been 
completed. Fumes were now trailing further and further downwind, and there 
were reports of thick smoke laden vapours from various points to the south 
and southwest of the site. The stage was now set for a series of 
evacuations. At 06:20, evacuation stage 3 was ordered; and at 06:30, 
stages 4, 5 and 6. Approximately 8,000 people were scheduled for 
evacuation in an area roughly 2.4 kilometres in diameter around the 
derailment site, with the exception of an area to the extreme northwest. 

The Dow Chemical CHLOREP team was now on-site, and in conjunction with the 
Fire Department, confirmed (by 07:22) the location of the chlorine car in 
the wreckage and that there was a hole in the tanker. 

Sometime after 07:30 the first meeting of the Emergency Operations Control 
Group was held at the Bell Canada site. The Police Chief, Fire Chief, 
Mayor McCa 11 ion and Region a 1 Chairman Bean were the key p 1 ayers, with the 
Ministry of the Environment officials, the Dow Chemical personnel and 
others being present. 

Evacuation of Mississauqa Hospital 

At the same time as the new evacuation stages were announced, Mississauga 
General Hospital - having been on alert for some time had discharged all 
patients that were capab 1 e of being sent home. Evacuation then began of 
the 186 patients who had not been discharged out of an ori gina 1 479. Red 
Cross and St. John Ambu 1 ance were ca 11 ed in to assist. The evacuation was 
completed by 13:30, or four hours after it began. At 10:00, 202 senior 
citizens from the nearby Extendicare Nursing Home were evacuated, and 237 
were moved from the Chelsey Park Nursing Home an hour later. 

Provincial Alert 

With over 10,000 people evacuated, more senior 1 evel s of government began 
to be a 1 erted, through offici a 1 channe 1 s, and occasionally through a more 
casual- and often more effective- network. The senior levels of the 
provincial Solicitor General's office, and the Ministry of the Environment 
were alerted. The Solicitor General is the senior peace officer in the 
province, and as such has primary responsibility for the security of life 
and property. The Solicitor General had scarcely arrived when it was 
confirmed the need for the three further evacuation stages that followed 
from those already ordered at 07:29, 08:30 and 09:40: stages 7, 8 and 9, 
involving 30,000 people in an area bounded on the east by the Credit River, 
on the south by the Queen Elizabeth Way <QEW), on the north by 
Burnhamthorpe Road and on the east by Cami 11 a Road and Cooks vi 11 e Creek, 
was now officially evacuated. 
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Evacuation Centres 

Nearly 45,000 people were now on the move and the need for new Evacuation 
Centres became apparent. During the day 8 schools were opened as well as 
two large shopping malls and two community colleges. The International 
Centre, located close to Pearson Airport, opened its doors to evacuees, and 
this faci 1 ity she 1 tered the 1 arges t number of peop 1 e during the following 
week. 

Monitoring at the Site 

At the site, the officials responsible for the exodus were still, for the 
most part, working from their judgement of the obvious hazard. 
Env i ronmenta 1 monitoring was at a rudimentary 1 eve 1 ; testing and samp 1 i ng 
near the site of air and water continued through the morning. The first 
mobile sampling unit arrived at 10:00 and was immediately sent out for a 
first sampling of air quality in various downwind areas. The last hours of 
Sunday morning and the first of the afternoon were an unsettling period: 
first, a wind change imperiled the Command Post itself. Second, it was 
realised that Square One Evacuation Centre was much too close to the site. 
The same scare that nearly forced the shifting of the Command Post, caused 
an advisory warning to be given to the evacuees at Square One to stay 
indoors. 

Further Evacuations 

At about 11:00, the decision to evacuate Square One Shopping Centre was 
made and buses began arriving at 11:35. Two further evacuation zones, 10 
and 11, v1ere announced, at 11:10 and 13:10 respectively. As the afternoon 
progressed, the evacuation boundaries moved eastward to Dixie Road 
(evacuation 12) and finally to Etobicoke Creek (evacuation 13) at 17:00 and 
17:10. This put the evacuated population over the 150,000 mark and brought 
the area evacuated to over 60 square kilometres. 

At 15:45 the decision was made to evacuate Queens way Genera 1 Hospita 1 , 8 
kilometres away in Etobicoke. At 18:40 Evacuation Centres were advised by 
the Command Post that evacuees wou 1 d not return home Sunday night. The 
Control Group made two large scale evacuation decisions in the evening, 
based on a weather forecast predicting a wind shift to the east (that is, 
blowing to the west). This meant that areas far to the west of the site 
might have to be evacuated at night. To forestall this possibility, the 
Command Post ordered evacuations stages 14 and 15 at 18:45, and 20:16, 
taking in the rest of Miss is sauga south of Burnhamthorpe Road and 1 a ter 
into the adjacent Town of Oakville. 

Orders were subsequently issued to evacuate Oakville-Trafalgar Memorial 
Hospital and the Oakville Extendicare Nursing Home. All evacuations were 
complete and the QEW Highway was closed by 04:10 Monday. By the end of 
Sunday, approximately 220,000 people had been safely evacuated out of 
Mississauga and environs. 

Monday 

The evacuated area was declared closed by Mayor McCallion at 00:30 so that 
no school, factory or business would open in the morning. 
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The Holding Operation 

Through Sunday night and into Monday morning, the Fire Department strategy 
remained as a controlled burn on the propane tanks, to ensure that as much 
liquid product as possible was eliminated. At 08:00 Monday, two propane 
tank cars were still actively burning near the chlorine car, which was 
upright and s 1 i ghtl y tilted to one side. Ch 1 ori ne readings 500 metres 
downwind from the site were 20 to 30 ugfm3. The MOE representatives 
on-site gave a weather forecast update to the po 1 ice command at 08:20 
i ndi cati ng winds from the north at 6 km/hour, swinging to the east and 
south during the day. 

Two members of the DOW CHLOREP team, using breathing apparatus, went down 
to the chlorine car at about 10:00 and discovered there was 10-20 tons of 
chlorine left in the tank, 1.5 metres below the opening. The chlorine was 
covered by a 1 ayer of 15-30 centimetres of ice, formed by the 
self-refrigeration of chlorine C-340C under normal pressure) and a slushy 
layer of water from the fire hoses. Around the edges of this ice layer, 
the chlorine was vaporising at a rate of 23-45 kg/hour. The Dow team took 
photographs of the configuration of the hole, which extended over the lip 
of the car edge and down the side. They then went to a tank car 
manufacturer in Oak vi 11 e to have a 1.3 x l metre steel patch prepared to 
cover the hole. The agencies on the scene moved into a holding operation 
whi 1 e they waited for the fires to go out and for the patching of the 
chlorine tank to begin. At this time also, lachrymators ("tear gas") were 
forming from the interaction of the pools of water, chemicals and sunlight 
a round the site. Witnesses report that the effects began to be felt at the 
Command Post and there was talk of once again moving. 

TUESDAY 

Applying the Patch 

Tuesday morning at 03:47, the rema1n1ng fires finally self extinguished. 
The CHLOREP team arrived on the site at 06:10, preparing to patch the 
tank. Their initial plan was to place the patch over the hole to achieve 
enough of a seal to make it possible to force out the chlorine into the 
tank trucks of caustic soda C neutra 1 i zing the ch 1 ori ne). Through the day 
the team worked, first ripping away obstructions and insulation, then 
applying the patch, and finally trying to eliminate leaks around the 
edges. At 08:20 Tuesday morning the Control Group began a session to 
determine whether some of the evacuees might be allowed to return home. It 
has been reported that this was one of the most difficult sessions of the 
entire emergency, first because pressure from various sources was being 
placed on the participants; second, because evacuees who had assumed they 
were leaving for 24 hours or less were beginning to harass police at 
barricades. The feeling in the Tuesday morning Control Group meeting was 
that the problem would be solved by the end of the day. 

First Re-entry 

At 13:15 and 15:00 Tuesday it was decided to let approximately 125,000 
evacuees return to two major areas which resulted in a massive seven hour 
traffic jam of both evacuees a 11 owed to return and others who erroneous 1 y 
believed that they could return. 
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Meanwhile, all was not well at the chlorine car. When pressure was applied 
the patch leaked. Work was also complicated by the presence of an adjacent 
car. The CHLOREP team began to apply air bags, caulking putty, and jamming 
wedges at 1 eak points. Si nee propane cars nearby were going to be moved 
away Wednesday at 08:00, the CHLOREP team decided to work through Tuesday 
night trying to fix the leak. At 08:00 Wednesday, the patch was still 
leaking slightly, but was stabilised. Exhausted, the team went to bed, 
leaving behind a crew member to watch the limited transfer of material into 
the tank truck. Before they left the site, a request for more manpower was 
made to Dow head office. 

WEDNESDAY 

Revising Tactics 

By Wednesday morning, the failure of the patch and the pressure of the 
remaining 70,000 evacuees, had begun to erode the prevailing spirit of 
teamwork. At this point, an accident occurred which intensified the 
growing concern of the Control Group about on-site procedures. As a result 
of these concerns, the Dow CHLOREP team came in for some tough questioning 
at the Wednesday afternoon Centro 1 Group meeting, the ups hot of which was 
that the team's activities would be subject to monitoring by the Ministry 
of the Environment, and a team member would be on-site 24 hours a day. The 
meeting did, however, agree to a 11 ow the continued remova 1 of propane cars, 
satisfied that the patch on the chlorine tanker had not been damaged. The 
CHLOREP team had now been augmented by three additional experts. 

THURSDAY 

Draining the Tank 

On this, the fifth day of the evacuation, displaced residents began to 
harass police and public officials so vehemently that Mississauga Mayor 
McCallion was forced to broadcast an appeal for co-operation from the 
evacuees. The main Thursday meeting of the Control Group was the most 
techni ca 1 of a 11 the recorded meetings. The meeting began at 11 :45 and 
primarily concerned the possibility of removing the remaining chlorine 
while assuring that there would be no more sudden releases. This was to be 
achieved by a vacuum process. 

The wind was b 1 owing from the west; it was forecast to shift to the north 
at 22:00 Thursday, for a period of seven hours. After extensive discussion 
of the risks involved, it was decided to postpone the draining of the tank 
car until after 22:00 Thursday evening. It could then proceed, provided 
that no pumping began without the express authori sa ti on of the Centro 1 
Group. 303 police from all forces were put on alert and vehicles were 
stationed throughout the area as the hour to begin pumping approached. At 
22:00 the wind had not yet shifted to the north; nor had it shifted at 
22:30. There was a further delay until 23:30. Finally pumping operations 
began; and were accompanied by no serious consequences. 
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FRIDAY AND AFTERWARD 

The Final Re-Entry 

Early Friday morning, November 16, it was believed that up to 10 tons of 
chlorine had been transferred as a result of the night's operation. Four 
tank trucks of caustic soda were now being used to neutralize the 
chlorine. The wind had died down and ambient readings were in the .002 ppm 
range. A long Control Group meeting was held between 10:05 and 15:00 to 
determine the possibility of a 11 owing fu 11 re-entry to the site. A 
gamma-ray detector had provided a rough estimate that two tons of liquid 
chlorine now remained in the car. An increased number of back-up vacuum 
lines had also been installed in the car, in addition to the working lines. 

At 16:00 the MOE told the Control Group that 18 tons of chlorine had now 
been removed (revised from earlier estimates). Although several thousand 
gallons of chlorine remained in the tank, it was the unanimous decision of 
all experts present that everyone could return home. At 19:42 Solicitor 
General McMurtry, flanked by Mayor McCallion, Police Chief Burrows and Fire 
Chief Bentley, announced that all remaining residents could return home. 
Peop 1 e were asked to keep their windows open for l 0 or 15 minutes upon 
their return and they were advised by MOE officials that slight gas odours 
would linger for some time to come. At 21:00 the last of the evacuation 
centres, the International Centre closed its doors. 

The Clean-up 

On Saturday, approximately 30 em. of liquid remained in the bottom of the 
tank car. Four of the Dow team returned to Sarni a and the 1 ast of the 
evacuees had returned from hotels. The Ontario Division Red Cross Command 
and Control closed down. The Media Centre was closed at 18:00. The 
immediate area around the site remained off limits; and fire and police 
personnel were still required to be present there. 

On Sunday, November 18, the final Contro 1 Group meeting was he 1 d. 
Considering the back-up of ra i 1 traffic, CP Rail had decided to put a 
"shoe-fly" track around the site, which caused the Control Group some 
concern about possible vibrations breaking the fragile tank seal. It was 
decided to allow the track by-pass to proceed. 

At 04:30 Monday, November 19, the chlorine car was fi na 11 y emptied of 
liquid, but was s ti 11 giving off vapour. On Monday, CP Rail opened its 
claim office to pay out of pocket expenses to evacuees. The tank car was 
filled with water in the morning and was finally lifted onto a gondola car 
at 09:50 Tuesday morning and moved off to Sarnia, where it would remain 
until an inquiry into the derailment began. The Dow Chemical team returned 
to Sarnia the same morning. 

On Wednesday, November 21, the Police Command Post was closed and the last 
piece of fire equipment left Mavis Road. Most of the Fire Department hose 
used at the scene was ruined, and brass couplings were heavily corroded. 
Every vehicle was steam cleaned and washed at home stations and an 
extensive rehabilitation program was conducted on each vehicle. 
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Contaminated soil from the site was trucked away, beginning Friday, 
November 23, to a 1 andfi 11 site in the north of Pee 1 Region, unti 1 prates ts 
from residents forced special arrangements to be made for the over 30,000 
cubic metres of soi 1 . 

On Tuesday, November 27, the Peel Region Mobile Command Trailer was removed 
from the site. All businesses were open along Mavis Road, the CP Rail 
tracks were fully repaired and the City had returned to normal activities. 
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OBJECTIVES, DEFINITION AND ELABORATION OF TECHNICAL SCENARIOS 
FOR EMERGENCY DRILLS RELATING TO A FRENCH PYR 

J. Duco 
Commissariat a l'Energie Atomique 

Institut de Protection et de Sfirete Nucleaire 
Fontenay-aux-Roses (France) 

ABSTRACT 

The safety measures applied during the design, construction and operation of 
nuclear power plants are such that the occurrence of an accident with unac
ceptable consequences for the public is a highly improbable event. Despite 
this low probability, a number of emergency plans have been drawn up to cater 
for the occurrence of events that might lead to such an accident: on-site 
emergency plan to protect plant personnel, terminate the accident and mitigate 
its consequences; short- and long-term emergency plans to protect the general 
public and prepare for a return to acceptable living conditions. To check 
that plans are appropriate and ready to be implemented, they must be regularly 
tested by means of drills. These drills may be directed solely at technical 
aspects of nuclear units, or they may concern all the players normally in
volved, i.e. the utility (EdF), all the specialised government deparments con
cerned and stand-ins for the media. The paper describes some aspects of the 
procedure for choosing objectives and the preparation of drills, which are 
illustrated by examples from the national "EPAULE" exercise. From a technical 
standpoint, the drills demonstrated that current organisational structures are 
both effective and operational; however, they cannot determine how the public 
would actually react in the event of a nuclear accident, given the difficulty 
of assessing the emotional impact of exposure to a danger than cannot be per
ceived directly and to information reported by the media. 
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OBJECTIFS, DEFINITION ET MISE AU POINT DE SCENARIOS TECHNIQUES 
POUR DES EXERCICES D' URGENCE CONCERNANT UN REACTEUR PVR FRANCAIS 

J. Duco 
Commissariat a l'Energie Atomique 

Institut de Protection et de Surete Nucleaire 
Fontenay-aux-Roses (France) 

RESUME 

L'ensemble des dispositions de surete prises aux niveaux de la conception, de 
la construction et du fonctionnement d'une centrale electronucleaire reduisent 
a un ni veau extremement bas la probabili te d' un accident ayant des conse
quences inacceptables pour le public. Neanmoins, pour le cas ou se produi
raient des evenements susceptibles de conduire a un tel accident, divers plans 
d I Urgence Ont ete elaboreS : le plan d I Urgence interne a la Centrale 0 pOUr 
assurer la protection du personnel, mettre un terme a la sequence accidentelle 
et limiter les consequences ; les plans d'urgence externes a court terme, puis 
a long terme, pour proteger le public et preparer le retour a des conditions 
de vie acceptables. Les degres d' adequation et de preparation de ces plans 
doivent etre testes de maniere reguliere par des exercices, qui peuvent etre 
limites aux aspects techniques relatifs aux tranches nucleaires ou mettre en 
oeuvre tous les acteurs normalement impliques, c' est-a-dire le producteur 
d' electrici te (EDF) , tous les services specialises concernes de l' adminis
tration et une simulation des media. Quelques aspects relatifs au choix des 
obj ectifs et a la preparation des exercices sont exposes, puis illustres par 
l' exemple de l 'exercice national EPAULE en 1987. Au plan technique, les 
exercices ont demontre la validite de !'organisation existante ainsi que son 
bon degre operationnel : des incertitudes demeurent en ce qui concerne le 
comportement reel de la population impliquee par un accident nucleaire, eu 
egard aux aspects emotionnels lies a la non-perception directe du danger et 
aux informations re9ues des divers media. 
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1 - Introduction 

All safety measures taken at the various stages of the design, construction 
and during the operational lifetime of a nuclear installation are expected to 
reduce to an extremely low level the probability of occurrence of an accident, 
liable to bring about unacceptable consequences for the public. Nevertheless, 
such a severe accident cannot be fully excluded, and it is the duty of the 
administration to prepare off-site emergency plans, specific to each nuclear 
installation, for the protection of the neighbouring population under such 
very unlikely, but serious circumstances. These off-site plans cover two 
aspects : one plan concerns the so-called "reflex phase", i.e. short-term 
measures to protect the population, such as sheltering, stable iodine intake 
or evacuation ; this plan is called, in French, "Plan Particulier d' Inter
vention" and abbreviated "PPI" ; another plan specifies longer-term measures 
for assessing the damage to property and implementing recovery actions, the 
goal being a return to acceptable living conditions in the surroundings of the 
plant ; this second plan is called, in French, "Plan Post-Accidentel", PPA for 
short. Besides, at the plant itself, the on-site emergency plan (in French, 
"Plan d'Urgence Interne", or "PUI'') is initiated at the onset of a series of 
events requiring the application of a procedure on a pre-established list ; 
the actuation of the PUI is mandatorily notified to the administration and 
hence has a direct impact on the initiation of the PPI. The activation, 
implementation and coordination of these various plans involve complex actions 
of a variety of actors, according to numerous technical procedures and/or 
regulatory texts. The preparedness of the various interveners in an emergency 
needs clearly to be stimulated and checked regularly to ensure a proper opera
bility in a real case. This is the main goal of the emergency drills which, 
besides, may reveal areas where clarification or improvements should be made. 
In the following, we will describe briefly the emergency organization in 
France for the case of a PWR accident, identify possible goals for emergency 
drills in relation to the above organization, explain how the relevant 
technical scenario is prepared and implemented, and illustrate the matter with 
the PALUEL scenario used for the 1987 national emergency drill. Ultimately, 
some insight will be given into the way lessons are learned from the drills 
and backfitted into the emergency procedures, when appropriate. 

2 - The EDF on-site emergency plan (PUI) 

A three-step PUI exists for each NPP site, which is initiated by the head of 
the plant whenever an accident occurs level 1 addresses conventional 
accidents, whereas levels 2 and 3 correspond to events with actual/potential 
radiological consequences on- and off-site, respectively. These levels 
correspond to those of the PPI. 

The PUI is initiated at the onset of a series of events requiring the 
application of a procedure on a pre-established list. These procedures address 
events like a breach on the primary or secondary system, a steam generator 
pipe rupture, the total loss of the ultimate heat sink, of the steam generator 
feedwater, or of the electrical power supplies ; they also include the U1 
symptom-oriented ultimate procedure for core-melt prevention and the U2 
ultimate procedure for mitigating the radiological consequences of abnormal 
containment tightness defects. The transmission of the initial message of 
alarm is made according to Fig. 1. 
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After initiating the PUI, the usual plant organization is turned into an 
emergency organization aimed at 

- making the right decisions and implementing rapidly the relevant actions to 
bring the reactor back to a safe state and mitigate the consequences ; 

- collecting any information contributing to diagnosing the accident and 
making a prognosis for its evolution and to assessing the radioactivity 
releases, actual or potential, with the support of the utility expert group 
at the national level ; 

- ensuring personnel protection, rescuing the injured and treating contami
nation ; 

- providing information to the administration. 

Activating the PUI results in the constituting of four emergency management 
teams (PC for "poste de commandement") and one emergency technical team (ELC 
for "equipe locale de crise") (Fig. 2) : 

- The local emergency management team (PCL for "PC local") is placed in the 
plant control room ; it controls the actions of the crew on shift so as to 
save the reactor. 

- The plant emergency management team (plant PCD for plant "PC Direction"), 
which can be evacuated to an on-site bunker (BdS for "Bloc de Securite"), is 
the only team in charge of plant safety and of the staff protection ; in 
this prospect, it coordinates the actions of the three other emergency 
management teams on site. The PCD also ensures the official liaison with the 
local government representative, i.e. the Prefet de departement where the 
plant is located, who is regularly informed of : 
• the plant condition and its anticipated evolution ; 
• the radioactivity transfers to the environment, if any, and their expected 

evolution. 

The plant PCD is in communication, at the national level, with the utility 
PCD at the "Service de la Production Thermique", or SPT (division of power 
generation by thermal units), the Safety Authority PCD (Service Central de 
Surete des Installations Nucleaires, or SCSIN) and the appropriate body of 
the Ministry of Health (Service Central de Protection contre les Rayon
nements Ionisants, or SCPRI). 

- The emergency management team for logistic matters (PCM for "PC Moyens") is 
in charge of activating on-site intervention means and evacuating the plant 
staff when appropriate ; the PCM can be withdrawn into the BdS if necessary. 

- The emergency management team for measurements (PCC for "PC Controles") is 
responsible for gathering and synthesizing all data regarding local weather 
conditions and radioactivity, and predicting releases ; the PCC can be 
sheltered in the BdS. 

- The on-site emergency technical team (ELC) is a reflexion group of special
ized engineers, the role of which is to assess the real-time situation of 
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the reactor and its probable evolution, so as to provide the plant PCD with 
technical recommendations for the short/medium term accident management 
actions ; it receives the data from the impaired unit, in particular those 
of the safety panel. The ELC also transmits the necessary plant-related 
information to the two national-level emergency technical teams, one at the 
utility SPT, the other at the Commissariat a l'Energie Atomique/Institut de 
Protection et de Surete Nucleaire (CEA/IPSN) Fontenay-aux-Roses, the latter 
acting as a technical support of SCSIN ; continuous intercommunication among 
the three technical assessment teams permits the analyses to be compared and 
synthesized. 

For accidents involving levels 2 or 3 of the PUI, the utility activates a 
national-level emergency organization (Fig. 2), which comprises an emergency 
management team and an emergency technical team, both located in the Paris 
area (Fig. 3). 

-The utility national emergency management team (national-level PCD). Such a 
team, which is in permanent communication with the plant PCD, is the 
interface with the concerned government bodies, in particular the head of 
SCSIN. 

-The national emergency technical team (ENC for "Equipe Nationale de Crise"). 
Its role is to supplement the information of the above PCD and give advice 
and recommendations to it. The ENC is in close contact with the plant ELC 
which provides information ; it compares its analyses with those of the 
other emergency technical teams (plant ELC and CEA/IPSN). 

The ENC comprises specialized engineers on call, who are expected to arrive 
at the emergency technical room within an hour. A representative of 
Framatome also joins the team when the support of the vendor is requested ; 
his role is to maintain a continuous connection with the Framatome technical 
support team. 

3 - The off-site emergency plan for the short term or reflex phase (PPI) 
(Fig. 4) 

In the case of an accident with actual or potential radiological consequences, 
the head of the plant initiates levels 2 or 3 of the PUI and informs the 
Prefet du departement, who is in charge of public order and of the security of 
the population. The Prefet, when appropriate, actuates the PPI at the local 
level, the goal of which is to support the plant operator by external means, 
and to protect the population should a threat to the public arise. External 
means refer mainly to mobile units of radiological intervention ("CMIR" in 
French for "Cellule mobile d' intervention radiologique") and also to police 
and army forces, to ensure a proper implementation of counter mesures. 

More specifically, the initiation of the PPI activates, first, classical means 
and structures normally used in the general ORSEC plan (overall rescue plan), 
and, second, structures specific to a nuclear event. Under the general scheme, 
five branches are activated at the departement level : transmissions, police, 
rescue services, transport and medical ; a public relation cell is also 
constituted at the level of the Prefet to ensure proper information. Actions 
are directed from two levels : the stationary command post ("PCF" for "Poste 
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de commandement fixe") in the Prefecture building and the operational command 
post ("PCO" for "Paste de commandement operationnel") near the impaired 
nuclear plant, but outside the risk area. The PCF prepares decisions, ensures 
communications with local authorities (mayors, neighbouring departements, .•. ) 
and with central decisions centers, whereas the PCO collects and synthesizes 
the technical information gathered by intervention units, such as the CMIRs, 
and coordinates field operations. Structures specific to nuclear events 
comprise a press center, adequately located evacuee regrouping centers equip
ped with radioactive contamination monitoring devices - when appropriate -
and operational, appointed links with the weather services. 

The measures taken in the framework of the PPI range from a mere vigilant 
monitoring of the environment to some evacuation of excessively exposed 
people ; stable iodine intake and sheltering are intermediate measures. 

The actuation of the PPI is technically supported at the central level by the 
SCSIN and CEA/IPSN, the SCPRI and the DSC (for "Direction de la securite 
civile", i.e. the civilian security department of the Ministry of the 
Interior) . Concerning the emergency organisation of SCSIN, three teams are 
contituted in case of an emergency 

- The emergency management team (PCD), chaired by the head of SCSIN, is 
installed in the emergency center of the Ministry of Industry at Paris. 

- The emergency technical team is located on CEA/IPSN premises at Fontenay
aux-Roses, near Paris ; it is chaired by the director of IPSN. 

- A team detached locally, partly to the impaired plant, partly to the 
relevant Prefecture. 

On the basis of the information gathered on the plant situation and of the 
analysis elaborated by the CEA/IPSN, the head of SCSIN verifies the adequacy 
of the actions taken by the utility ; he makes a prognosis regarding the 
releases of radioactivity and provides assessments of possible radioactive 
transfers in the environment. Such previsions, as well at those from the 
utility, should allow the Prefet to take, after the SCPRI advice, the appro
priate actions for protecting the public. 

From a sanitary standpoint, the choice of countermeasures, which are limited 
to ten km downwind at most, takes into account the dose levels, which are 
recommanded by publication II 40 of the International Commission on Radio
protection, ICRP for short (Table 1). The accepted range of doses for the 
various protection measures allows the Prefet and his aides to consider other 
aspects of the decision-making process : credibility of the threat - when the 
release of radioactivity is still potential -, state of preparedness of the 
intervention means, emotional state of the public concerned, actual situation 
regarding public order. 

The implementation of the PPI is terminated when the reflex actions for 
protecting the people have been taken. Longer-term actions, which may be 
initiated as soon as the releases have ceased, are addressed in the PPA. 
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4 - The off-site emergensr plan after the reflex phase (PPA) 

The objective of the PPA is to specify the measures to be taken after an 
actual release, so as minimize the sanitary, social and economical impacts in 
the contaminated area. The area concerned may be far larger than the 
ten km-radius sector of the PPI, so that the PPA appears as a specific supple
ment to the regular ORSEC plan at the level of the defense zone. The proper 
transition from the PPI to the PPA is ensured by the following measures : a) 
continuity of command, i.e. the Prefet in charge of PPI will become respon
sible for PPA, and b) progressive adaptation of the duties of the staff 
advising the Prefet (Fig. 5) ; these duties shift to the solving of the 
following issues : medical treatment and follow-up of contaminated individuals 
and of the population around the site, support to evacuees, controlling 
ingress to and egress from controlled areas, supervision of agriculture 
products, of food and drink, monitoring and recovery of contaminated areas. 
Protective measures take into account the projected values of dose equivalents 
during a year, an<! refer to ICRP publication II 40 as regards limiting dose 
values (Table 2). The strict measures taken at the initiation of PPA may be 
progressively alleviated, as the level of measured radioactivity fades out ; 
nevertheless some PPA actions may last months, which could result in the 
largest fraction of the overall cost of the accident. 

5 - What objectives for emergensr drills ? 

The above emergency plans are complex in themselves, and imply an efficient, 
intense cooperation between numerous partners during the emergency, who may 
have looser connections under normal circumstances. To ensure a proper opera
hili ty of these emergency plans, it appears essential to organize regular 
emergency drills to ascertain how the regulatory texts work with the actual 
actors, under the pressure of a simulated accident situation and the relevant 
simulated harassment by the public and the media. 

Some general objectives of these drills could be : 

• to make all actors conscious of the whole range of problems they would have 
to face during a major nuclear accident and of their responsabilities with 
respect to these problems, 

• to acquaint the actors with each other, 
• to ensure that nothing important has been neglected in the plans or been 

concurrently attributed to several actors, 
• to check that the alarm and the information about the accident is transmit

ted in a proper and timely fashion to the various actors involved, 
• to check the timely constituting and operability of the various technical, 

assessment and management teams involved, both at the national and local 
levels, and to clarify how people are relieved in the course of a long
lasting crisis, 

• to control available material and manpower for radiological field measure
ments, for implementing counter measures, and to check how available field 
data are collated, interpreted and used in a real-time management of the 
crisis, 

• to provide appropriate information to the media, the representatives and the 
public, and how to avoid confusion as a result of the action of competing 
media asking questions - and cross-checking answers - of the various actors 
of the crisis. 
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These drills are not open to the public up to now, and therefor.e no protective 
measure, e.g. sheltering, has been effectively implemented. 

Some more particular objectives can also be proposed : 

- to check the technical capability of operating crews and plant support teams 
to face abnormal situations after the relevant training has been made, 

- to clarify the rationale of decision-making for a filtered venting of the 
containment or for protective measures as sheltering or evacuation, 

- to check the transition of the PPI to PPA, once the safety of the plant is 
re-established and the releases of radioactivity have ceased, 

- to verify how and after what lapse of time ground contamination maps are 
established and what their relevant accuracy is, 

- to practice coping with various interferences by the public, represen
tatives, associations, institutions, media and neighbouring countries, 

- to assess the economic and social impact of a largely widespread contami
nation and to optimize the counter mesures, taking into account alternative 
resources. 

Clearly, the list could be almost endless, and it is the responsability of the 
drill organizing authority to specify and prioritize the goals of the exercice 
it wants to carry out. Practically, there is a necessary discussion of the 
organizer with the scenarists and actors of the drill, to make sure that the 
options he proposes are practicable and compatible with the framework of a 
single exercise, and also to allow some actors to understand what their role 
and expected behavior are during the drill. 

6 - The preparation of the drills 

The organizing authority has to coordinate the preparation of the drill by 
constituting a group of representatives of all actors, which meets periodi
cally, and, besides, has to appoint a team of experts to work out the 
scenario some of these experts will technically actuate the accident 
simulation on the day(s) of the drill. Preparing a drill implies a large 
working investment involving five to ten people during months and tens of 
meetings of the various partners. 

There are several types of drills, two of them being particularly important : 
technical drills limited to the utility, the SCSIN and the CEA/IPSN, and 
national drills involving all actors that would be concerned in an actual 
accidental situation. 

The technical drills aim at testing - under simulated accident conditions -
the efficiency of the operating crew and support teams of the plant, as well 
as that of the national emergency assessment teams of the utility and 
CEA/IPSN. The scenario usually comprises two stages : an interactive one with 
the operating crew on a plant simulator, as long as the latter can accomodate 
the simulated transient, and, after, a phase with a pre-established series of 
events, with limited initiative left to the operators. Usually these drills 
are restricted to the actuation and implementation of the plant PUI ; in some 
cases, the Prefet is simulated, which makes it possible to verify the 
rationale for PPI activation. The scenario itself is thoroughly calculated 
using thermal hydraulic codes, such as CATHARE, until significant, prolonged 
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core uncovery occurs, and the VULCAIN and JERICHO codes for severe core damage 
and containment thermal hydraulics, respectively external radiological 
consequences of the releases are either calculated in advance for set weather 
conditions with the CONRAD code, or assess.ed in real time by the scenarists 
using abacuses, when actual weather conditions are made use of during the 
drill. 

The rehearsal of the early stages of the accident sequence is carried unopenly 
on a plant simulator for checking, considering the normal implementation of 
adapted procedures. Current and past values of the plant parameters from the 
calculator, as well as the synoptics on the state of the plant safety systems, 
from the safety panel, are transmitted by cable from the simulator to the 
assessment team terminals ; for the case of a transmission failure, written 
messages on a standard format would be send by telefax. Environment messages 
are provided in writing at fixed intervals by the scenarists, with a timely 
indication of the dose rates that would be measured in a real case at given 
locations of the PPI circuits by the CMIR teams. 

In the national drills, the emphasis is put on the initiation and the imple
mentation of the PPI and of the early stages of the PPA ; the technical 
scenario on the plant is set in advance - here there is no interactive phase 
using a simulator - and is used as a boundary condition for triggering the 
PPI. From a technical standpoint, the early delimitation of the contaminated 
area is a major issue : overall measurements of the groundshine by heli
copters, and detailed measurements by the CMIRs of deposited activities on the 
soil, water bodies and cultures have to be collated and interpreted ; the 
enforcement of real-time counter measures concerning the circulation of 
vehicles, control and decontamination of people, food and drink restrictions 
should ensue. A computer program will be used in the next months by the 
scenarists to generate hundreds of hypothetical field measurements, including 
errors, inaccuracies and local effects in relation with orography, so as to 
train the assessment teams to cope with situations where they could be 
submerged by highly varied and possibly conflicting data. 

Due to the large number of actors, national drills imply a great deal of 
organizational work. Three files are usually elaborated in advance : first, a 
scheme of the exercise describing in rough terms the goal, the subject, the 
date, the duration, the organization and the schedule for preparation 
second, the detailed file of the drill which gives a detailed account of the 
regulatory texts and plans, the implementation of which is to be checked, the 
real and simulated actors, the organization, the animators, observers, the 
conventions, the transmission lines to be used, ultimately the rules to rate 
the implementation of the drill itself ; third, the technical scenario related 
to the plant and the environment, which is restricted to scenarists and 
animators. 

There are about four tripartite drills per year involving a PWR and one 
national exercice per year. Tripartite drills are secretly prepared by teams 
of scenarists from CEA/IPSN and EDF/SPT, alternately ; the technical scenarios 
of national exercices are elaborated by CEA/IPSN specialists. 
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7 - An example of a national exercice : the 1987 EPAULE exercice 

This drill was carried out on 6 and 7 May 1987. It was prepared by the general 
secretary of CISN (for "Comite interministeriel de la securite nucleaire" in 
French, i.e. interdepartment board for nuclear security, at the prime minister 
level), with the technical support of CEA/IPSN and the help of senior journal
ists. 
The scenario, totally hypothetical, was conceived so as to have the PUI and 
PPI initiated promptly ; later, in the PPA phase, means for returning to 
acceptable living conditions around the plant were to be scrutinized. 

Regarding the technical part of the scenario, a series of system failures was 
hypothesized on a 1300 MWe PWR unit at Paluel, initially being operated at 
full rate : first, a ten em equivalent diameter breach on the primary system, 
resulting in a loss of coolant ; second, a progressive loss of one of the two 
redundant electrical channels supplying power to protection and safeguard 
systems ; third, a loss of the low pressure safety injection motor-driven pump 
on the other channel, and fourth, a progressive but severe decrease of the 
flow rate of the medium pressure safety injection motor-driven pump on the 
latter channel. These cumulated failures resulted in severe core damage, and 
most of the core inventory in gaseous and volatile fission products was sup
posed to accumulate within the containment. 

The threat of a containment failure at a later stage prompted the Prefet to 
take protective measures for the population, i.e. evacuation and sheltering 
within radii of two and five km downwind, respectively. After these short-term 
measures had been completed, a failure of the containment tightness was 
assumed, resulting in significant land contamination, and the PPA was acti
vated to train the various actors involved in such an emergency. 

According to the goal of the drill, which was focused on PPI and PPA implemen
tation, an unrealistic series of failures was accumulated in the course of a 
few hours, and all technical responses of the plant operator to stop the 
course of the accident or mitigate the consequences were ultimately made to 
abort by convention. The media simulation was ensured by a team of senior 
journalists, in the form of telephone and television interviews and press 
conferences ; the team also acted as an editorial staff for collating infor
mation and preparing news releases for a telephone answering service. 

Numerous actors were involved, both at local and national levels, and played 
the role they were expected to play in an actual nuclear emergency. Locally, 
the Paluel plant operator contributed to the drill, as well as all concerned 
administrative services at the levels of the departement and the defense zone, 
under the autority of the concerned Prefets. At the national level, there were 
numerous actors, mainly the central services of the ministries of industry, 
the interior, health, and of other departments such as agriculture, foreign 
affairs, environment, budget and transport ; specialized bodies of the utility 
and CEA/IPSN were also involved at the national level. 

8 - Lessons and prospects 

The organization described above regarding the various nuclear emergency plans 
is vast, in some ways tentacular : there are numerous actors and a lot of 
potential external solicitations. The appropriate synchronization of the alarm 
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transmission, and the coordination in action and information appear to be the 
major challenges for the control of the situation. 

Various drills are prepared and executed in order to train the actors and 
checking the appropriateness of the emergency organization. Generally 
speaking, these drills proved the validity of the existing organization and 
evidenced its operability ; they demonstrated the high degree of efficiency of 
the alarm transmission process, the adequacy of communications by dedicated 
lines and the capability of technical teams to conceive and simulate in time 
the implementation of ripostes, for avoiding core melt and limiting the 
releases of radioactivity, Such a degree of excellence must be maintained 
through continuous training and a sustained high motivation of the technical 
staff. The real-time assessment of radiological consequences is still a deli
cate matter whenever the containment tightness is impaired and the stack 
bypassed : one then has to rely on the stationary radioactivity sensors in the 
environment and on measurements made by mobile teams. The optimization of the 
decision-making process regarding the early population protection is generally 
good in principle ; nevertheless, no simulation involving the participation of 
the public has been made up to now, and there will be anyway some uncertainty 
as to their actual behavior in the case of a nuclear emergency, due in parti
cular to the lack of direct perception of the degree of danger : a strong and 
reliable image of the Prefet and of the local administration must be conveyed 
very early by the media and remain present throughout the course of the 
accident to uphold confidence and discipline ; of course, it is far better if 
such an image is pre-existing ; it must be clear that the emotional impact of 
a nuclear accident, which can be inappropriately magnified by competing media, 
may overwhelm the best technical organization and lead to some social 
collapse, if psychological aspects are not rapidly and properly addressed, 

The development of the post-accidental plan is still progressing, and this is 
now the realm where the best cost-effective return from the drills may be 
expected. The rapid and appropriate assessment of the radiological situation, 
once the releases have ceased, is a prominent issue and a prerequisite to all 
technical measures, such as restrictions on circulation, food or drink, and 
decontamination. Here too, a high level of public involvement must be looked 
for, which derives from an early, reliable and permanent presence of the 
authorities, and from a common attitude of all government bodies involved ; 
acting this way, the economical impact of a nuclear accident could be 
minimized. 

In conclusion, although the likelihood of a major nuclear accident is very 
remote, the technical preparedness of the various actors that would be closely 
concerned in such an emergency needs to be regularly checked and possibly 
improved by a variety of drills ; such drills should, in the future, involve 
the media and the public more than it has been the case up to now : such 
transparency would reinforce the public understanding and confidence in the 
administration, which is also a key factor in the success of an actual 
implementation of emergency plans, should the accident become a reality. 
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Explanation of some terms and acronyms 

- CEA/IPSN for "Conunissariat a l'Energie Atomique/ Institut de Protection et de 
Surete Nucleaire" : French atomic energy authority/institute for protection 
and nuclear safety (technical support of SCSIN). 
CMIR for "Cellule Mobile d' Intervention Radiologique" : mobile units for 
radiological intervention (teams of six firemen manning vehicles equipped for 
radioactivity measurements). 

- DDASS for "Direction Departementale des Affaires Sanitaires et Sociales" : 
directorate for sanitary and social affairs at the departement level. 

- Departement : administrative division of the French terri tory, under the 
authority of a Prefet. 

- DGCCRF for "Direction Generale de la Consonunation, de la Concurrence et de 
la Repression des Fraudes" : general directorate for consumption, competition 
and fraud control. 

- DRAF for "Direction Regionale de !'Agriculture et de la Foret" : directorate 
for agriculture and forestry at the region level. 

- DSC for "Direction de la Securite Civile" : civilian security department 
(branch of the Ministry of the Interior). 

- EDF/SPT for "Electricite de France/Service de la Production Thermique 
French national electricity company/division of power generation by fossil 
and nuclear units. 

- PPA for "Plan Post-Accidentel" : longer-term off-site emergency plan (direc
ted by the Prefet). 

- PPI for "Plan Particulier d' Intervention" relatif a un site nucleaire : 
short-term off-site emergency plan related to a specific nuclear site (direc
ted by the Prefet). 

- Prefecture : the headquarters of the Prefet. 
- Prefet : government representative at the departement level. 
- PUI for "Plan d'Urgence Interne" : on-site emergency plan (directed by the 

head of the plant). 
- Region : administrative division of the French territory encompassing several 

departements. 
- SCPRI for "Service Central de Protection centre les Rayonnements Ionisants" : 

central service for protection against ionizing radiation (branch of the 
Ministry of Health). 

- SCSIN for "Service Central de Surete des Installations Nucleaires" : central 
service for the safety of nuclear installations (branch of the Ministry of 
Industry). 
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D.G.C.C.R.F. Representative 

Fraud control Laboratories 
Veterinary Laboratories 

C.E.A. Representative 
Other experts ... 

Table 1 
Reflex phase IPPI) 

Protective measure 
Dose equivalent lmSVI 

Whole body Thyroid 

Sheltering SmSV - SOmSV SOmSV - SOOmSV 

Administration of 
stable iodine if SmSV - SOmSV or SOmSV - SOOmSV 

Evacuation 

Post-accidental phase IPPAI 

Protective measure 

Restriction of 
consumption 
Temporary 
relocation 

SOmSV - SOOmSV SOOmSV - SOQOmSV 

Table 2 

Projected per annum 
dose eQuivalents lmSVl 

Whole body Thyroid 

SmSV - SOmSV SOmSV - SOOmSV 
if or 

SOmSV - SOOmSV not specified 
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EXPERIENCE FROM NUCLEAR EXERCISES AND THE DEVELOPMENT OF SCENARIOS 
FOR SUCH EXERCISES 

B.P. Bleasdale, D.J. Yestern 
Central Electricity Generating Board, London 

ABSTRACT 

The CEGB owns and operates 10 nuclear licensed sites in England 
and Wales. These sites comprise 26 power reactors (2 of which are now in 
the first stage of decomissioning) and a nuclear laboratory complex. A 
Pressurised Water Reactor is currently under construction and applications 
have been made for consent to construct a further 3. 

This paper sets out insights from the CEGB's practical experience 
of over 200 formal demonstration exercises. The process by which 
objectives for exercises are set and scenarios developed is discussed 
together with a description of some of the practical issues involved in 
running these exercises. The feedback mechanism whereby full account is 
taken of lessons learnt is described. 

The paper also explains how the substantial developments in 
the UK's emergency arrangements following the review of the Three Mile 
Island reactor accident have led to additional requirements for emergency 
exercises. 

EXPERIENCE TIREE DES EXERCICES D'INTERVENTION EN CAS D'URGENCE NUCLEAIRE 
ET ELABORATION DE SCENARIOS D'EXERCICES DE CE TYPE 

RESUME 

L'Office central de production d'electricite (CEGB) possede et exploite 
dix sites nucleaires titulaires d'une autorisation en Angleterre et au Pays de 
Galles. Ces sites comprennent 26 reacteurs de puissance (dont deux en sont 
actuellement au premier stade du declassement) et un complexe de laboratoires 
nucleaires. Un reacteur a eau sous pression est en cours de construction et 
l'autorisation de construire trois autres reacteurs a ete sollicitee. 

La presente communication expose des enseignements que le CEGB a tires 
de plus de 200 exercices de demonstration en bonne et due forme. Elle traite 
de la demarche suivie pour fixer les objectifs des exercices et elaborer des 
scenarios tout en decrivant certains aspects pratiques lies au deroulement de 
ces exercices. Elle decrit egalement le mecanisme de retour de l'information 
qui permet de tenir pleinement compte des le9ons tirees de cette experience. 

Cette communication explique aussi comment l'evolution importante des 
plans d'urgence du Royaume-Uni intervenue a la suite de l'analyse de l'acci
dent du reacteur de Three Mile Island a amene a completer les prescriptions 
relatives aux exercices d'intervention en cas d'urgence. 
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1.0 Background and Introduction 

The Central Electricity Generating Board owns and operates 10 
nuclear licensed sites in England and Wales. In total, on these sites 
there are 26 power reactors (2 of which, at Berkeley in Gloucestershire, 
are now in the early stages of decommissioning) and a nuclear laboratories 
complex. All the power reactors are of the graphite moderated gas cooled 
(co2) type. A Pressurised Water Reactor (PWR) is under construction at 
Sizewell (in Suffolk) and application has been made for consent to 
construct a fUJ;ther 3 PWRs at Hinkley Point,(in Somerset), Wylfa (in North 
Wales) and Sizewell. Ever since the first site was licensed for operation 
in 1962 it has been a condition of the site li~enses that there·be 
arrangements for dealing with an emergency and that· .. the effectiveness of 
the arrangements be demonstrated to the UK regulatory body, the Nuclear 
Installations Inspectorate (Nil). 

The development of effective emergency arrangements involves 
collaboration between a number of organisations whose expertise or 
facilities may be required. Whilst the CEGB is responsible for the safe 
operation of its plant, it must rely on many organisations for actions to 
be taken off-site in the event of an emergency. Thus the emergency 
arrangements for the CEGB's nuclear sites are made up from interlocking 
plans and procedures of many different organisations, each of which has 
different areas of responsibility. It is important to ensure that all of 
those who have a role in implementing the arrangements understand where 
their responsibilities begin and end. Coordination and communication 
between the groups is vital, both during planning and implementation and 
this requires extensive consultation and regular exercising. 

The emergency arrangements for CEGB nuclear stations are 
continually reviewed, refined and updated in the light of experience gained 
from exercises and from developments both in the UK and overseas. Over the 
years the emergency arrangements have evolved and, for example, now 
incorporate a number of improvements which arose from the studies of the 
Three Mile Island accident in 1979[1). One of these improvements, the 
introduction of Operational Support Centres (OSCs) and Press Briefing 
Centres (PBCs) has introduced a new dimension to emergency exercises and 
the requirement for more organisations to participate in the CEGB exercises 
than was the case previously. The role and function of OSCs and PBCs and 
experience of exercising them is described later. 

2.0 Regulatory basis for exercises 

As mentioned earlier it is a condition of the site license for a 
nuclear power station that the effectiveness of the emergency arrangements 
be demonstrated to the UK's regulatory body, the Nuclear Installations 
Inspectorate (Nil). Three levels of such formal demonstration exercise 
have been defined by the Nil and these are listed below: 
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Level 1 (Site) This is the exercise at which the operator demonstrates the 
adequacy of Emergency arrangements at the site to the Nil. The exercise is 
centred on the operator's actions on site but may involve the emergency 
services and other external organisations. Each site holds one of these 
exercises per year. 

Level 2 (OSC) These exercises are aimed specifically at demonstrating the 
functions of the centres dealing with off-site implications of an 
emergency. The operator, the local authorities and the emergency services 
are normally involved. The function of each OSC is demonstrated once every 
2 or 3 years. 

Level 3 (National) These exercises are aimed at demonstrating the 
functions of the off-site centres and the role of all the external agencies 
and organisations including Central Government. One such exercise is held 
within the nuclear industry each year. 

The practical outcome of this is that the CEGB conducts some 14 
level 1 exercises per year, 3 or 4 level 2 exercises per year and a level 3 
exercise approximately once every 3 years. To date over 200 level 1 
exercises, 23 level 2 exercises and 1 level 3 exercise have been held by 
the CEGB. These formal demonstration exercises are in addition to the 
internal exercises held on each station every year for each shift and the 
large number of team drills and routine training programmes for individual 
groups. The emergency arrangements for dealing with an accident involving 
fuel flasks carrying irradiated fuel to the reprocessing plant are also 
regularly exercised and 3 or 4 of these exercises are held annually. It 
can be seen from this that the CEGB devotes considerable time and effort to 
exercising its emergency arrangements. 

With such a heavy programme of exercises, careful timetabling is 
necessary to avoid, so far as possible, duplication of dates. This is 
necessary because the official Nil observers and the CEGB's own observers 
from its Headquarters Health and Safety Department (HSD) are drawn from 
relatively small groups of specialists. 

To achieve a satisfactory timetable, in September of each year, 
each operator submits a list of its proposed exercise dates for the 
following year together with an outline programme for the subsequent 2 
years. It is at this time that the Nil in conjunction with the Department 
of Energy determines which of the proposed level 2 exercises it wishes to 
nominate as that year's level 3 exercise. 

For clarity and ease of presentation the development of scenarios 
and practical experiences from level 1 (site) and level 2/3 (Operational 
Support Centres) exercises will be discussed separately. 

3.0 Level 1 Exercises 
3.1 Scenario development 

It must first be emphasised that level 1 exercises are large 
scale exercises involving the full participation of all those on site 
together with the local emergency services and a certain number of groups 
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off-site. Planning for these exercises starts about 6 months before the 
proposed date and would normally coincide with the exercise review meeting 
(for the preceding exercise) that is called for under CEGB procedures and 
that is held approximately 6 months after an exercise. This meeting 
involves station staff, Nil and CEGB Health and Safety Department Site 
Inspectors plus specialist emergency planning staff from CEGB headquarters. 
The purpose of the meeting is twofold; first to check on the progress made 
in dealing with matters arising from the previous exercise and secondly 
todetermine the main aspects and objectives for the next exercise. These 
two aims may well be related since experience from the preceding exercise 
can influence the choice of features to be included in the next exercise. 
This approach allows the station to demonstrate that they have dealt with 
any problems which may have arisen in an earlier exercise. 

Whilst the aim of each exercise is to demonstrate to some degree 
every aspect of a site's emergency arrangements, it is usually necessary to 
give some features greater emphasis than others. Important aspects which 
are likely to be decided at the preliminary meeting include: 

i) Whether the exercise will be staged during or outside office 
hours. An out-of-hours exercise will test those aspects of the 
arrangements concerned with initial control at a time when 
minimum staff are available and will also test the arrangements 
for calling in essential back-up staff. A day time exercise will 
put greater pressure on mustering and roll call arrangements and 
on the control of access to and egress from the affected area of 
plant in a situation where larger numbers of staff are likely to 
be deployed within the various emergency teams. 

ii) The nature and scale of the off-site hazard. The Safety Case for 
all later stations shows that releases of a magnitude sufficient 
to require evacuation of members of the public outside the site 
fence are of very low likelihood and could only arise in accidents 
lying beyond the design basis. As a result, in almost every 
exercise off-site levels of activity are artificially enhanced in 
order to test the decision making process and the lines of 
communication with those responsible for the evacuation of members 
of the public. Varying meteorological conditions may be 
introduced to test the ability to cope with, for example, large 
shifts in wind directions. 

(iii) The nature of the plant fault sequence on which the scenario will 
be based. 

iv) Any special features of the exercise requested by the Nil or 
outside bodies. For instance the County Fire Brigade may request 
that during the exercise there be an opportunity for a large 
number of their own staff to pass through the station's dose and 
contamination control procedures at the Access Control Point. The 
scenario would need to be written in such a way as to encourage 
the participants to follow this course (e.g. by postulating a 
severe fire in the damage area or a number of trapped casualties 
to be rescued). 
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Once the basic objectives and main aspects have been settled the 
detailed scenario development is undertaken by station staff who will not 
be participating in the exercise. The development of a detailed scenario 
is very time consuming and typically involves about 0.25 man years of 
effort spread amongst a number of planners. One of their first jobs will 
be to contact the local emergency services to confirm their participation 
and the degree of their involvement. The CEGB greatly appreciates the 
enthusiastic participation of the Fire, Police and Ambulance Services as 
this greatly enhances the quality of the exercise. 

Detailed data has to be produced at this stage (a) to allow the 
radiological conditions both on and off-site to be represented throughout 
the exercise, (b) to permit the plant behaviour and associated indicators 
and alarms to be presented to the operators and (c) to determine the 
problems and challenges to be presented to each of the emergency teams. 
The staff preparing the scenario need to be a multidisciplinary team with 
expertise in Health Physics, Engineering, Reactor Physics and Operations. 
A balance must be struck between setting sufficient problems to ensure that 
the effectiveness of the arrangements is satisfactorily demonstrated, and 
making the scenario so complicated that it cannot be effectively 
controlled as a single coherent scenario. 

Much effort is put into making exercises differ from each other 
so as to retain the participants' interest and to prevent them from being 
predictable. Information on the scenario remains confidential prior to the 
exercise so that those participating have no knowledge of the features they 
will have to deal with. In the preparation of the scenario the author 
needs to anticipate the possible reactions of the participants and consider 
how best to ensure that unexpected actions do not grossly distort the 
progress or intent of the exercise. It is important, however, that so far 
as is possible consistency is retained between the various elements of the 
scenario so that it is 'believable' to the participants. In general, 
however, it is not possible to achieve consistency between credible plant 
conditions on-site and radiological conditions off-site and it is routine 
for the latter to be artificially enhanced. In addition it may be 
necessary to postulate a number of quite independent simultaneous plant 
failures of extremely low probabiity so as to generate sufficient problems 
to test fully the onsite teams. In such cases the events will not normally 
be justified in the scenario although every effort is made to make 
subsequent consequences realistic. 

3.2 Simulation 

In order to achieve as high a degree of realism as possible much 
use is made of simulation. The actual equipment and plant areas affected 
are used wherever possible. 

3.2.1 Plant Conditions 

A serious loss of coolant accident at a gas cooled reactor could 
result in significant plant damage and associated debris and create 
areas which would be hostile in terms of temperature, noise, 
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radiation and carbon dioxide levels. Electrical services, including 
lighting, might not be available and the possibility exists of smoke 
obscuring vLsLon. Various techniques have been used to simulate 
these conditions including the use of noise generators, smoke 
canisters, extinguishing of lights, construction of debris that 
blocks accessways and mock-ups of the damaged part of plant to be 
repaired. 

Some of these simulations do however have drawbacks. Great care is 
needed in using smoke canisters in order to ensure that the smoke 
does not penetrate into other areas of the site and compromise the 
plant's fire detection systems. Some smokes used have been found to 
contain irritants affecting observers and umpires and all smokes 
hinder the ability of observers to view the teams! An alternative to 
the use of smoke and/or extinguishing of lights has been to obscure 
the visor of breathing apparatus headpieces. Limited success has 
been achieved with this as it restricts vision from the point at 
which the teams go forward rather than just in the vicinity of the 
problem. 

3.2.2 Radiolo~ical Conditions 

"Spiked" sample packs are routinely used to simulate activity on 
the air concentration sampling packs used in both on and off-site 
surveys. More recently computer based software has been used to 
drive mimics of the continuous perimeter fence gamma monitoring 
system thus providing site staff with information on real time 
variations in the airborne radioactivity leaving the site together 
with the effects of changes in wind direction. Various means have 
been tried to simulate plant dose rates so that realistic assessments 
can be made of the effectiveness of the dose control techniques 
employed. Recently manufacturers have been developing instruments 
which are identical to routine monitoring equipment in operation but 
respond instead to ultrasonic or magnetic "sources". Genuine 
radiation fields of the order of 10 to approximately 200 Sv.h-1 have 
been used, with plant personnel instructed to interpret all dose 
rates and integrated doses in Sv.h-1 for the purposes of the 
exercise. It is not clear however whether the use of such a 
technique can be justified within the over-riding requirement to 
reduce radiological exposure to a level as low as reasonably 
achievable. In typical exercises site staff are expected to 
demonstrate dose control in simulated radiation fields of up to 
300mSv.h-l postulated by the scenario. 

3.2.3 Casualties 

It is quite clear that the handling and care of dummies substituting 
as casualties gives little indication of how teams would deal with 
real colleagues who were injured. Where possible therefore members 
of staff are made up as casualties with realistic looking injuries. 
Use of real people also avoids the roll-call difficulties and 
confusion over the number of missing people which can arise when 
dummies are used. 
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3.2.4 Control Rooms 

As exercises are normally held whilst the reactors are operating, the 
simulation of actions within the station's main control can be 
difficult. 

For later stations, the back up control rooms that are provided may 
be used by the exercise participants; at other stations without such 
facilities the main control room must be used. Either umpire 
operated or computer driven supplementary alarm fascias are usedto 
present plant alarms to the operator. Synchronisation of a pre
programmed sequence of alarms with the plant response to actions 
taken by staff during the exercise can however be difficult. For 
this reason full training and exercising of the response of control 
room staff in plant operation aspects of an emergency is carried out 
separately from the station exercises. This is achieved using full 
size control room simulators at the Board's Nuclear Power Training 
Centre at Oldbury. 

3.2.5 Communications 

Figure 1 shows the key centres and activities involved in emergency 
response prior to the establishment of the Operational Support 
Centre. Communication between the power station and these centres, 
plus additional organisations such as the Meteorological Office, 
Ministry of Agriculture Fisheries and Food etc are not simulated but 
are carried out 'for real' unless the organisation concerned has 
specifically asked that they are not contacted. In such 
circumstances an alternative telephone number, manned by an umpire is 
used. 

3.3 Exercise Safety 

Whilst exercise participants are encouraged to respond to events 
as realistically as possible, and experience is of great commitment and 
enthusiasm during exercises, the safety of staff and the plant during an 
exercise is paramount. Great care is needed to ensure that the normal 
standards of safety are maintained and the umpires must ensure that no 
operations are permitted which could jeopardise the plant. Access to 
areas with high radiation levels is not allowed; this can necessitate 
building mock-ups of items such as valves away from their normal location 
so that the teams can access them. Live casualties are never permitted to 
be carried down stairs or be lowered from heights. Anthropomorphic, 
weighted dummies are substituted for these phases of casualty rescue. When 
a live casualty is strapped in a stretcher, exercise rules ensure that he 
is continually accompanied by an umpire. 

All participants must be made aware of the action to be taken if a 
real emergency were to develop during the exercise. Procedures for rapid 
termination of the exercise are written into scenarios. All exercise 
messages and announcements are preceeded by the phrase "Exercise 
Messages not preceeded by this must be assumed to be real. 
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3.4 Umpiring and Assessment 

The success of any exercise depends on careful detailed pre
planning and effective umpiring (exercise direction) on the day. Large 
numbers of umpires are needed (typically 20-25) and each must be fully 
briefed and be aware not just of their own part of the scenario but also 
how it fits into the whole picture. 'Ad-libbing' by umpires must be 
discouraged as changes from the scenario in one area may affect the whole 
course ofthe exercise. Conversely, umpires must be able rapidly to provide 
any information which the participants could reasonably expect to have 
available and, if not specifically covered in the scenario documentation, 
umpires may have to provide a response on the spot. A clear communication 
route between umpires and the chief exercise director is essential so that 
any problems arising can be quickly solved. 

The assessment of exercises is carried out by two teams of 
official observers; one team from the Nuclear Installations Inspectorate 
and one team from the Board's Health and Safety Department. Typically each 
team comprises 5-8 persons. In addition to the official observers 
assessing the exercise there are often a number of other observers from 
other CEGB stations, the police, the fire service, etc. Members of the 
station's formal Emergency Planning Consultative Committee may also be 
present. 

Great care is needed to ensure that large numbers of non 
participants do not hinder the course of the exercise. Experience has 
shown that non participants in an area can sometimes outnumber participants 
by 3 to 1, and this can add an element of confusion and difficulty that 
would not actually occur in reality. 
3.5 Debriefing and Exercise Report 

A debriefing meeting is held immediately following each exercise. 
At this meeting the views of the participants and the assessments of the 
official observers are discussed. If necessary the regulatory body can ask 
for a repeat demonstration of any part of the exercise found not to be 
completely satisfactory. Such an occurrence is not common. 

A report on the exercise is prepared by the station which 
highlights all the recommendations and conclusions on the exercise and 
summarises the proposed actions in each case. 

4.0 Level 2/Level 3 Exercises 

The level 2 and level 3 exercises focus on the activities at the 
Operational Support Centre (OSC) and Press Briefing Centre (PBC). Set up 
following the Board's review of the Three Mile Island Accident, these 
centres are located some distance from the sites. The purpose of the OSC 
is to take away from the station the burden of responsibility for all 
offsite aspects of the emergency so as to leave station staff free to 
concentrate on dealing with the activities on site. The OSC is also the 
focal point for CEGB staff to coordinate assistance to the site. All non
CEGB organisations that have a direct involvement in the offsite response 
(e.g. County Council, Water Authorities, Government Departments, Police, 
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Health Authority) are represented at the OSC. The OSC can thus act as the 
point for the exchange of information between organisations and also a 
liaison centre at which each group can ensure that its own concerns and 
responsibilities are taken into account in the decision making process. 

The main differences between level 2 and level 3 exercises so far 
as their planning is concerned is the degree of participation of some of 
the external organisations and the running time of the exercise. Level 2 
exercises typically run for about 12 hours whilst level 3 exercises may 
span 48 hours. 

As the OSC would not be set up for some 3 to 6 hours after the 
start of the incident, the types of problems staff.there would face, and 
the decisions they would need to make could differ somewhat from those 
presented to stations in their level 1 exercises representing the early 
phase of an emergency. 

4.1 Scenario Development 

As an example of the development of a scenario for such exercises 
and the practical experience to be gained the following sections describe 
the Level 3 OSC and PBC exercise held at Bedminster Down on 26th and 27th 
July 1988. 

Planning for this exercise commenced some 10 months before the 
event with the initial contacts with all those organisations who would be 
involved. Various scenario development groups were set up including one 
responsible for producing the radiological data and challenges for the 
exercise. From the CEGB, 3 people were involved full time over a period of 
about 3 months on planning the exercise and many others contributed on a 
part-time basis. Specific exercise objectives were set for the CEGB, 
Government Departments (Department of Energy, Ministry of Agriculture 
Fisheries and Food, Health and Safety Executive), Police, Local Authorities 
and the National Radiological Protection Board. 

Table 1 lists all those organisations who were represented at the 
OSC, whilst Table 2 identifies all the centres of activity which operated 
during the exercise. 

One of the initial decisions taken was that the exercise should 
run over 2 days but with no overnight activity by participants between days 
1 and 2 although real time would continue to run during this break. 

Among the prime exercise objectives were the demonstration of 
extendability of emergency arrangements and the consideration of the post
accident recovery phase. To achieve these objectives the release to 
atmosphere was postulated to be at least a factor of 10 greater than the 
worst accident having any practical possibility of occuring and the 
scenario was so arranged as to cause advice to be required on protection of 
the public on Day 1 and to force decisions on day 2 regarding the return of 
evacuees and the implications of wider scale food and milk bans. 
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Sufficient problems had to be developed for the scenario to test 
the decision making and the consultation processes and to ensure that there 
was a sustained level of challenge facing each shift of participants. In 
addition to certain problems which were programmed to be fed into the 
scenario at specific times, a large number of additional problems were 
produced for the umpires to feed in at any time they felt there was a lull 
in the proceedings. As an example of the former a 90° wind shift was 
introduced during the morning of the first day. Preliminary weather 
forecasts supplied to participants had predicted this would occur about 
midday but the scenario involved this occurring about an hour earlier. 
Berkeley power station is located on the Severn Estuary and the off-site 
monitoring teams had initially to be deployed to the north side of the 
estuary to track the plume. The change in wind direction took the plume to 
the south side of the estuary and the early swing was intended to surprise 
the participants at a time when most of their monitoring resources were on 
the wrong side, and some 50 kiD by road, from the new plume path. 

The response to exercise problems is not always as foreseen by 
those planning them. One of the additional items fed in during exercise 
Oak Tree was that a tramp had been found asleep in a ditch in an area some 
10 hours after it had been evacuated. This small problem took on major 
proportions as it was picked up by the "press" whose involvement was fully 
simulated in the exercise. Contamination levels found on the trampbecame 
exaggerated and questions of civil liberties arose as rumours circulated 
that the police had forced the tramp to remove his clothes and shower. 
This one aspect eventually took many man-hours of time and dominated two of 
the press conferences. 

The pre-planned response of support survey vehicles with crews and 
additional Health Physicists was exercised in real time with teams 
despatched from all the other CEGB nuclear sites. By the afternoon of the 
first day the OSC was having to co-ordinate the deployment of 12 CEGB air 
sampling teams, together with the (simulated) activities of teams from MAFF 
and NRPB. 

The scenario was written such that serious consideration would 
need to be given to evacuation of the town of Berkeley. This town 
represents the largest population group within the station's detailed 
evacuation planning zone. The criterion for evacuation was the lower 
Emergency Level for evacuation based on thyroid dose recommended by NRPB 
[3]. The CEC Regulations on banning of foodstuffs [4] were used for the 
first time to determine restrictions. Because of the enhanced off-site 
release the distance out to which restrictions were imposed was over lSOkm 
with a wide arc being affected due to the wind shift. 

On the second day decisions had to be made as to whether people 
could return to their homes. The current formal NRPB recommendations [3] 
do not contain criteria for this, but proposed values have been put forward 
[5] in a discussion paper. These proposed values formed the basis for 
discussions on this question. A monitoring strategy to confirm acceptable 
radiation levels in the town of Berkeley had to be developed jointly by 
CEGB and NRPB participants. 
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4. 2 Data Input 

As can be seen from table 2, the exercise was operated simultaneously 
at a number of different centres. At 4 of these (the power station, the 
OSC, the NRPB control room and MAFF control room) there was a need to input 
radiological data. It was essential that all such data was consistent and 
to this end a computer program called EXIGEN [2] was used to generate the 
radiological exercise data. All 4 centres ran the same program with the 
same data base and this aspect worked exceptionally well. In order to 
ensure that participants only acted on exercise data rather than on real 
measurements all monitoring results were intercepted by the umpires, 
substitute data was inserted where appropriate and the form overstamped as 
being umpire validated. Only overstamped raw data was used by 
participants. No effort was made by the Umpires to check the accuracy of 
figures that participants had derived or summarized from the raw data as no 
such checking would have existed in reality. 

4.3 Communication and Press Briefing 

The communication of information is always a major challenge and a 
potential problem in large scale exercises. Exercise Oak Tree saw the 
first major demonstration of the use of electronic mail for dissemination 
of all types of information and particularly radiological data. Pre
formatted displays were produced for the operators who filled in the 
necessary information and then dispatched the data instantly to a large 
number of pre-allocated locations. The success of this system was such that 
it is being introduced at all CEGB OSCs. 

In addition to circulation of data to those involved in assessing 
the progress of an incident one of the clear lessons from Three Mile Island 
was the need for accurate and authoritative information to be available to 
both the media and members of the public. The Press Briefing Centre 
associated with each OSC provides the means by which the concept of a 
single authoritative source of advice and information can be achieved. The 
OSC Controller and the Government Technical Advi·sor (a ministerial 
appointee who takes over from the CEGB the responsibility for giving advice 
regarding the effects of an accident) chaired the press conferences in 
which real and acting journalists provided questioning. Every effort was 
made to make these press briefings as realistic as possible with full TV 
coverage and recording, the production of newspaper stories etc. Whilst 
the flow of information to the media and public at Oak Tree showed an 
improvement on earlier exercises it was still not felt to be fully 
adequate. Much thought is being given to a means by which the GTA or OSC 
Controller can remain the single authoritative source of information (thus 
avoiding conflicting information being passed to the media) without taking 
up so much of their time that they are diverted from their main function of 
following the course of the accident and issuing the appropriate advice. 

4.4 Exercise Follow-up 

After a lengthy "wind-up" meeting on the day after the exercise, 
all those who participated in Oak Tree were asked to provide written 
comments on the exercise to the CEGB. From these and observers' notes of 
the exercise, an exercise report has been written highlighting the main 
conclusions from the exercise, making recommendations for improvements 
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and setting a timetable for achieving the improvements. These exercises 
are very costly in terms of manpower (Oak Tree involved over 200 man days 
for the CEGB exercise participants alone) and it is important that as much 
benefit as possible is derived from them. Follow up meetings to progress 
the implementation of any changes are essential. As an example of progress 
following these exercises, it was recognised that there was need for a 
simple predictive computer code which could take actual monitoring results 
and use them to provide a graphical indication of the plume dispersion 
together with numerical predictions of expected radiological conditions at 
given points in time and space. The CEGB has recently purchased the UMPIRE 
computer code, developed by the Atomic Energy Authority [6] and will be 
installing that at its OSCs in the future. 

5.0 CONCLUSION 

If emergency arrangements are to remain effective, it is essential 
that they are regularly and thoroughly rehearsed. This paper has briefly 
summarized some of the considerations involved in setting up such exercises 
and has highlighted some of the practical experience from running then. 
With the experience of over 200 formal demonstrations of its emergency 
arrangements, the CEGB has great confidence in the effectiveness of these 
arrangements but nevertheless always examines carefully its exercise 
experience to see that opportunities for improvements are taken and high 
standards are maintained. 
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Level 1 (Site) 

The exercise at which to operator demonstrates the adequacy of 
Emergency arrangements at this site to the Nil. The exercise is centred on 
the operators actions on site but may involve the emergency services and 
other external organisatins. Eachg site holds one of these exercises per 
year. 

Level 2 (OSC) 

These exercises are aimed specifically at demonstrating the 
functions of the centres dealing with off-site implications of an 
emergency. The operator, the local authorities and the emergency services 
are normally involved. The function of each OSC is demonstrated once every 
2 or 3 years. 

Level 3 (National) 

These exercises are aimed at demonstrating the functions of the 
off-site centres and the role of all the external agencies and 
organisations including Central Government. One such exercise is held 
within the nuclear industry each year. 
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Table 1 Organisations represented at the OSC 

CEGB staff (approx 100 per day). 
Gloucestershire Constabulary 
Gloucestershire County Council 
Gloucestershire Health Authority 
Government Technical Adviser (plus team) 
Nuclear Installations Inspectorate (NII) Team 
Department of the Environment Inspectors of Pollution 
National Radiological Protection Board (NRPB) 
Ministry of Agriculture Fisheries and Food (MAFF) Team 
Welsh Office 
Representatives from the County Councils of Avon, Somerset, Hereford 
and Worcestershire, Wiltshire, Devon, Gwent, South Glamorgan, West 
Glamorgan. 

Table 2 Centres of Activity during Exercise 'Oak Tree' 

Bedminster Down Operational Support Centre and Press Briefing Centre 
Berkeley Power Station Emergency Control Centre 
Dursley Police Station 
Emergency Dose Assessment Service at Berkeley Nuclear Laboratories 
Stroud and Forest of Dean District Councils 
CEGB Nuclear Emergency Information Centre (London) 
Department of Energy Nuclear Emergency Briefing Room 
Ministry of Agriculture Fisheries and Food Regional Operations Room 
Ministry of Agriculture Fisheries and Food Headquarters Operations Room 
Nuclear Installations Inspectorate Emergency Centre 
National Radiological Protection Board Emergency Centre 
Meteorological Office, Bracknell 
CEGB District Survey Laboratories at Stone and Combwich 
CEGB Central Radiochemical Laboratories 
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ABSTRACT 

As a result of the March 28, 1979 accident at Three Mile Island, 
extensive new emergency preparedness requirements were issued by 
the u. s. Nuclear Regulatory Commission and the Federal Emergency 
Management Agency. Increased emphasis was placed on cooperation 
between the nuclear utility and the offsite authorities. Periodic 
exercises, evaluated by Federal inspectors and critiqued by the 
participants, became a fundamental component of onsite and offsite 
emergency programs. This paper describes the evolution of the 
exercise process over the 10 years since the TMI accident. It is 
principally focused on the onsite aspects of emergency exercises 
and includes information on changes in exercise program emphasis, 
methods, and the types of observations recorded by exercise 
evaluators. Improvements in the u.s. Federal capability to 
respond to a nuclear power plant accident are also discussed. 

EXERCICES D'INTERVENTION EN CAS D'URGENCE DANS UNE CENTRALE NUCLEAIRE 
DIX ANS D'EXPERIENCE AUX ETATS-UNIS (1979-1989) 

RESUME 

Comme suite a !'accident survenu le 28 mars 1979 a la centrale de Three Mile 
Island, d'importantes prescriptions nouvelles visant les interventions en cas 
d'urgence ont ete diffusees par la Commission de la reglementation nucleaire 
de Etats-Unis (USNRC) et l'Agence federale de gestion en cas d'urgence (FEMA). 
Une plus large place a ete accordee a la collaboration entre les compagnies 
d'electricite exploitant les centrales et les autorites competentes en dehors 
du site. Les exercices periodiques, evalues par des inspecteurs federaux et 
soumis a l'examen critique des participants, sont devenus un element fondamen
tal des programmes d'intervention sur le site et en dehors de ce dernier. La 
presente communication decrit !'evolution intervenue dans le deroulement de 
ces exercices depuis !'accident de TMI survenu il y a dix ans. Elle est prin
cipalement axee sur les aspects des exercices d'intervention sur le site des 
reacteurs et comprend des informations sur les changements intervenus dans 
!'orientation des programmes d'exercices, les methodes et les types d'obser
vations enregistrees par les personnes chargees d'evaluer ces exercices. Elle 
traite egalement des ameliorations apportees aux moyens dont dispose le gou
vernement federal des Etats-Unis pour faire face a un accident affectant une 
centrale nucleaire. 
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Introduction 

Before 1979, the Nuclear Regulatory Commission's rules on emergency 
planning and preparedness amounted to about 80 lines of text in the Code of 
Federal Regulations (CFR). Within 2 years after the Three Mile Island accl
dent, the same regulations had been expanded in scope and detail such that they 
filled some 870 lines of text. The pre-1979 regulations contained only the 
general requirement that nuclear power plant owners make "provisions for 
testing, by periodic drills, of radiation emergency plans to assm·e that 
employees of the licensee are familiar with their specific duties, and provi
sions for participation by other persons whose assistance may be needed in the 
event of a radiation eruergency." 

The frequency, ext~nt, and level of the cffsite authorities' involvement 
in those periodic drills were not explicitly stated. Consequently, many 
nuclear power plant sites had never conducted realistic exercises of the 
integrated response of the nuclear utility ar.d those local authorities with 
responsibility for offsite protection of the public. The drills conducted by 
nuclear power plant owners during this period were generally limited in scope, 
focusing on relatively narrow in-plant aspects such as radioactive contamina
tion control. Reactor operations activities, organizational responses, 
communications and interactions with offsite authorities, and the development 
of protective action recommendations for the offsite public were seldom 
simulated or practiced in any realistic way. Furthermore, no requirement 
existed for the nuclear power plant owner to perform a self-critique, document 
exercise findings, or take action to correct identified problems. Observation 
and evaluation of the drills by NRC inspectors was not standard practice and 
occurred infrequently. 

Planning for protective measures including the evacuation of populations 
residing near nuclear plants was inconsistent, and in many cases entirely 
lacking. At the time nuclear power plant owners were required to designate a 
low population zone (about 2-3 miles in radius) in which it was reasonable to 
expect that protective measures for the public could be taken and to show that 
they had plans to notify and coordinate with offsite authorities. The 
existence of an effective emergency plan had not been a condition for granting 
a reactor operating license. Although offsite authorities could voluntarily 
submit plans to the NRC for review and approval, at the time of the TMI 
accident, only a few had NRC-approved plans in place. 

The numerous reviews and inquiries which were initiated following the 
accident identified areas of weakness in the preparedness of the nuclear 
utilities, the offsite authorities, and the responsible Federal asencies to 
deal with major nuclear power plant emergencies. At each level of responsi
bility in the process, lessons were drawn from the record of events, and those 
lessons were translated into action plan specifics. Improvements were ordered 
by the NRC in the qualifications and training of control room operators to 
enable them to recognize and deal with core damage accidents. Additional 
equipment and systems for monitoring reactor and plant conditions were 
required, as well as improved procedures for dealing with plant conditions 
outside the norma1 operating range. Organizational changes were mandated to 
ensure that responsibilities for recognizing, classifying, and responding to 
accidents were clearly defined and were vested in persons with appropriate 
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qualifications. The scope and content of emergency plans were specified in 
considerable detail in the regulations, and procedures to implement the 
provisions of the plans became a required part of the nuclear power plant 
owners' preparedness program. Additionally, nuclear power plant owners were 
required to plan cooperatively with the local authorities for the protection of 
populations in an emergency planning zone (EPZ) around each reactor site. An 
approximately 10-mile radius plume exposure pathway emergency planning zone 
(EPZ) and an approximately 50-mile radius ingestion exposure pathway EPZ were 
required to be established for detailed emergency planning around nuclear power 
plants. Methods of promptly notifying the cognizant offsite authorities of 
emergencies and recommending protective measures were required to be in place 
and periodically tested. Finally, the requirement for periodic exercises to 
test the adequacy of plans, implementing procedures, emergency equipment, 
communications methods, and public notification systems was strengthened. 
Exercises that tested the emergency response interactio~s of all the offsite 
organizations involved in the planning process were required, as was a sub
stantive self-evaluation by the nuclear power plant owners, leading to 
corrective actions and program improvements. 

With the promulgation of new emergency preparedness requirements, the 
Federal Emergency Management Agency (FEMA) was assigned responsibility for 
determining the adequacy of the offsite authorities' emergency plans, and the 
issuance of operating licenses by the NRC was made contingent on FEMA's finding 
of adequacy. These new requirements also resulted in a major increase in the 
extent of the Federal inspection and auditing of nuclear power plant emergency 
preparedness programs. Teams of four to eight NRC inspectors conducted 
detailed onsite appraisals of each nuclear power plant's implementation of the 
new requirements and completed an evaluation of each emergency exercise. At 
the same time, FEMA evaluated the plans and exercises of the offsite agencies 
involved in emergency response planning for the area surrounding each reactor 
site. Initially, prior to completing a full review of the submitted plans, 
these exercises were used as the be.sis for a determination of the adequacy of 
offsite emergency planning. Subsequent exercise evaluations, conducted 
annually for the nuclear power plant and every 2 years for the offsite 
agencies, have provided the NRC and FEMA regular opportunities to assess the 
quality of the preparedness programs and their compliance with the regulations 
and guidance. As nuclear power plant owners attempted to comply with this 
large body of new regulations and guidance, improvement in some areas gen~rally 
preceded others. NRC inspection observations served to focus attention on 
those areas that were perceived to be most critical, thus stimulating improve
ments in those areas. The following sections describe the evolution of the 
emet·gency preparedness programs at nuclear power reactor sites in the 10 years 
fol1owing the TMI accident, as evidenced by the changes observed in the exer
cise process. 

The Earlv Years (1979-1983) 

As noted previously. the post-ll1l emergency preparedness regulations and 
guidance were far more comprehensive and detailed than those previously in 
place. The regulations, issued in 1979 and 1980, specify 16 fundamental 
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emer·gency planning standards which must be met to demonstrate adequate 
emergency preparedness. The planning standards, applicable to ons.ite and/or 
offsite organizations include the following areas: 

-Assignment of Responsibility 
- Onsite Emergency Organization 
- Emergency Response Support and R~sources 
- Emergency Classification System 
- Notification Methods and Procedures 
- Emergency Communications 
-Public Education and Information 
- Emergency Facilities and Equipment 
- Accident Assessment 
- Protective Response 
- Radiological Exposure Control 
- Medical and Public Health Support 
- Recovery and Reentry Planning and Post-Accident Operations 
- Exercises and Drills 
- Radiological Emergency Response Training 
-Responsibility for the Planning Effort 

Also in 1980, the NRC and FEI4A jointly published a guidance document, "Criteria 
for Preparation and Evaluation of Radiological Emergency Response Plans and 
Preparedness in Support of Nuclear power Plants", NUREG-0654/FEMA-REP-1, 
Revision 1 [1]. The guidance provided in this document included specific 
criteria for use by onsite and offsite organizations in developing their 
emergency plans to meet the 16 planning standards required by regulation. 

Fo 11 owing the deve 1 opment of emergency plans based on the new 
regulations and the NUREG-0654 guidance, in late 1980, the NRC and FEMA began 
evaluating integrated emergency exercises conducted by nuclear power plant 
owners and offsite authorities. By April of 1982, owners of all operating 
nuclear power plants had conducted at least one NRC-evaluated exercise in 
accordance with their new plans. These exercises provided the first 
opportunity for the nuclear power plant owners to demonstrate the workability 
of their new plans and the greatly expanded role of the local authorities in 
emergency planning and response. 

NRC evaluations of these first exercises tended to concentrate on the 
basic capabilities of the nuclear power plant owners to plan and conduct 
full-scale exercises. Areas of particular concern to the NRC staff included 
those relating to public protective actions since these had been found 
seriously deficient during the TMI accident. Specifically, the areas of 
emphasis included the specification of the emergency organization and lines of 
authority, the ability to classify emergencies on the basis of plant 
conditions, and the ability to communicate with offsite authorities. Nuclear 
power plant personnel were now expected to act quickly and to recognize 
emergency conditions on the basis of plant indications, to classify these 
conditions using predetermined criteria, to notify cognizant offsite author
ities within about 15 minutes of classifying the conditions, to recommend 
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public protective actions if appropriate, and to take continuing action to 
assess and mitigate the accident.* 

During the first round of exercises, the identification of shortcomings by 
NRC inspectors in several general areas was fairly common. The shortcomings 
included: 

- Inadequate procedures to implement the emergency plan, 
- Inadequate emergency equipment and supplies 
- Scenarios of insufficient scope and detail to demonstrate all response 

capabilities, 
- Insufficient training vf personnel for their emergency response roles. 
ThE::se problems appeared to have the greatest impact on performance when 

several factors combined to cause the failure of some aspect of the notifica
tion or communication process. For example, personnel assigned tc positions in 
the emergency response organization frequently found themselves working in a 
temporary emergency response faci"lity with untested procedures and communica
tions equipment and completely different lines of communication and reporting 
than those to which they wen: accustomed. Marginal equipment (telephones, 
radios, public address systems), the need to link multiple facilities on a 
single communications channel, and the need to communicate continuously and 
reliably with several different offsite locations often combined to degrade the 
effectiveness of the nuclear power plant owners' efforts. Often, because of 
this complexity, the exact cause of a particular failure of the notification 
and communication process could not be determined until observations from a 
number of different observers had been assembled, compared, and reconci1ed. 

The exercise scenarios and control methods used in these early exercises 
often failed to adequately test response capabilities. The need to actually 
demonstrate as many parts of the response process as possible in an integrated 
manner was quite new to the nuclear industry. Scenario data that depicted the 
plant transient causing the "accident" were often inconsistent with the 
scenario data describing the radiological conditions within the plant and the 
effluent release pathways. This situatiou resulted in confusion and incorrect 
classification of scenario events. Often when a poor scenario misled emergency 
response personnel and caused unanticipated responses that threatened the 
completion of the exercise, the only means of recovery for the exercise con
trollers was to intervene and direct the desired response. This intervention 
uniformly detracted from the realism of the exercise and made it difficult, if 
not impossible, to judge some aspects of response personnel knowledge and 
performance. 

Also, the participation of all the parties in a single exercise high
lighted differences in terminology and practice, such as the use of different 
maps and environmental sample point designations by the nuclear power plant 

* Nuclear power plant emergency classifcation levels, in ascending order of 
severity, are Unusual Event, Alert, Site Area Emergency, and General 
Emergency. 
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owners and offsite authorities or their use of different conventions for 
stating the wind direction and the affected downwind sectors, as identified on 
the site map. 

The Middle Years (1983-1986) 

This period evidenced a maturation of nuclear power plant emergency 
preparedness programs. After several annual exercises, nuclear power plant 
owners and the offsite authorities had progressed from struggling to conduct a 
minimally coordinated response to being well drilled in their procedures and 
general"ly demonstrating proficiency in the technical aspects of response. The 
experience gained in repeated exercise planning meetings and exercises began to 
be evident as coordination improved between nuclear power plant owners and 
offsite authorities. 

Shortcomings in emergency plan implementing procedures which were identi
fied during exercises were addressed and resolved. The requirement that 
nuclear power plant owners conduct meaningful self-evaluations of their 
exercises, document any areas of weakness, and develop corrective actions 
facilitated the overall improvement. The NRC staff could observe not only the 
actual conduc~ of an exercise, but could also gauge the extent to which prob
lems were being identified and corrected by the nuclear power plant owners by 
observing the self-critique meetings and by examining records of corrective 
actions resulting from the nuclear power plant owner's own findings. 

As procedural and organizational problems were reduced in number and 
sigrificance, the NRC staff inspections shifted toward the technical aspects 
of emergency response. Actions of control room operators, radiation dose 
projection, environmental monitoring, in-plant radiation protection, emergency 
facilities and equipment, scenario adequacy, and the technical expertise of 
emergency response organization members all received greater scrutiny from 
inspection and observation teams. By using technical experts in various fields 
to conduct inspections and exercise evaluations, the NRC staff was able to 
assess the nuclear power plant owner's technical capabilities in more depth. 
At the same time, the increasing proficiency of plant staff required more de
tailed, technically correct, and challenging scenarios. To promote a higher 
standard of technical content in the scenarios, the NRC staff had all exercise 
scenarios reviewed by technical experts in reactor operations, radiation 
protection, and other fields. Nuclear power plant owners were also strongly 
encouraged to have their scenarios reviewed by plant persounel for conformity 
with their plant systems and parameters. 

During this period, a guidance document was assembled to compile all the 
recommendations of NRC's technical experts on preparing technically accurate 
and challenging exercise scenarios. The guidance document titled "Report to 
the NRC on Guidance for Preparing Scenarios for Emergency Preparedness 
Exercises at Nuclear Generating Stations," NUREG/CR-3365 [2], was published in 
March 1986. 

Additionally, during this period, development of a formal appraisal 
process for emergency facilities and equipment was begun. In 1981, the NRC had 
published the criteria that it intended to use in evaluating whether nuclear 
power plant owners met the requirements of regulations in a document titled 
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"Functional Critena for Emergency Response Facilities," NUREG-0696 [3] 
This guidance was subsequently superceded by requirements for emergency 
facilities that were detailed in "Clarification of T~l Action Plan Require
ments, Requir~::ments for Emergency Re!>ponse Capability," NUREG-0737, Supplement 
No. 1 [4]. Nuclear power plant owners had met many of the post-TMI facility 
and equipment requirements in some interim or temporary way while permanent 
facilities and equipment were being designed, constructed, or procured. 
Although many aspects of facilities and equipment readiness were being 
routinely evaluated by the NRC staff during periodic exercises, the need for a 
more detailed and comprehensive evaluation was recognized. Therefore, special 
inspection procedures were developed and multidisciplinary team inspections 
were conducted to assure a rigorous assessment of the permanent facilities as 
they were placed in service. 

Major improvements in the response processes of the NRC and other Federal 
agencies were planned, implemented, and tested during this period. The NRC 
began a program of facility/equipment improvements, procedure changes, and 
intensive training for response staff at Headquarters and the five Regional 
offices. Exercises conducted by nuclear power plant owners were used to test 
the NRC's notification and communications processes. 

At the end of 1980, FEMA published the National Radiological Emergency 
Preparedness/Response Plan for Commercial Nuc"lear Power Plant Accidents (Master 
Plan). Later, FEMA coordinated a Federal interagency effort to develop the 
Federal Radiological Emergency Response Plan (FRERP) [5], which as an expansion 
of the Master Plan, broadened its scope to include all types of civilian 
radiological emergencies that might require a significant Federal response to 
support the immediate response of offsite authorities. The FRERP, which was 
approved by 12 Federal agencies, was published in November 1985. A major 
aspect of this plan for radiological emergencies at nuclear power plants is 
that the U.S. Department of Energy can establish a Federal Radiological 
Monitoring and Assessment Center (FRMAC) at the scene. This capability would 
supplement the technical personnel made available by the offsite authorities, 
provide state-of-the-art monitoring equipment, including aircraft, provide 
predictive and assessment capabilities and supplement communications. 

Although nuclear power plants had conducted numerous full-participation 
exercises that involved cffsite authorities, until 1984 there had been almost 
no Federal participation in these exercises, other than by the NRC. Following 
agreements by the the Florida Power and Light Company and the State of Florida 
to expand their regularly scheduled exercise at the St. Lucie power station, 
the first Federal Field Exercise (FFE-1) was conducted in March 1984 . It 
allowed for comprehensive Federal participation and involved over 1,200 indi
viduals who represented emergency response organizations from several 
departments of the State of Florida, two counties, the nuclear power plant, 12 
Federal agencies, and several private organizations. The Federal participation 
included the establishment of the Federal Radiological Monitoring and Assess
ment Center with a staff of over 200 individuals who coordinated the 
radiological monitoring activities of all the parties. 

Assessments of the exercise indicated that the FRERP was appropriately 
tested and that the plan was adequate for such an incident. The participants 
agreed that the coordination of the Federal and local authorities exceeded 
expectations. In addition, it was noted that the participation of Federal 
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agencies, which wculd be expected in an actual major incident, significantly 
changed the character of the exercise. The current plans are to conduct a 
Federal Field Exercise every 3 to 4 years and continue to inform utilities and 
local authorities about the Federal response capabilities through training 
courses, tabletop exercises, and workshops. 

Although a portion of FFE-i was concerned with the recovery phase of the 
exercise, it was judgeri that sufficient emphasis was not given to this vital 
aspect of a response to a major radiological emergency. Therefore, the Federal 
agencies opted to conduct a large tabletop exercise that focusea exclusively on 
the activities associated with an accident resulting in large-scale contamina
tion of the environment. The tabletop exercise was conducted at the FEMA 
training facility in Emmitsburg, Maryland, in December 1985 and involved 150 
persons from the Beaver Valley Power Station, local authorities, industry 
groups, and private organizations. 

The second Federal Field Exercise (FFE-2), a 3-day event, was held in 
conjunction with the regular·ly scheduled Zion full-participation exercise in 
June 1987. The number of exercise participar.ts was about the same as that for 
FFE-1, but the number of visitors, particularly non-U.S. visitors, was much 
larger because of the concerns raised by the Chernobyl accident. The 
complexity and technical accuracy of the scenario data was considerably 
improved over that of FFE.-1. Reactor systems data was entered directly into 
the computer systems that were used by the various technical participants, 
including representatives of the licensee, offsite authorities, and the NRC. 
In addition, accurate and realistic offsite contamination data was available. 
Therefore, the realism of this exercise wa~ considerably improved over routine 
nuclear power reactor exercises. Half of the exercise was concerned with 
issues related to recovery of the area and returning citizens to their homes. 

There were a considerable number of lessons learned from FFE-2. Although 
it was found that sufficient resources and capabilities exist, this support was 
not always utilized, primarily because responders in many instances did not 
know it was available. Another finding was that the delays in providing 
ctssessed and corroborated data to the decisionmakers from the Federal assess
ment center caused considerable problems. Other concerns involved the need to 
improve the public information process, to emphasize international relations, 
to include additional Federal agencies, and to better train the individuals 
from all Federal agencies so that they can carry out their roles in an actual 
emergency and provide appropriate support to offsite authorities. 

The Federal agencies are now planning a third Federal Field Exercise, 
FFE-3, which is expected to be held in mid-1991 in the Northeast United States. 
This exercise is expected to emphasize the recovery aspects of a severe reactor 
accident and the international concerns that would be created by such an event. 
The Federal agencies will again encourage international visitors to attend the 
Exercise. Additional information wil1 be made available to the international 
community as the planning for this exercise advances. 

The Current Phase (1987-1989) 

The recent experience with nuclear power plant emergency exercises indi
cates that nuclear power plant emergency preparedness programs are relatively 
stable and rr;ature. In fact, in the United States, the nuclear power plant 
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emergency preparedness programs are further advanced and are being used as 
models for those of other industries. Nuclear power plant emergency plans have 
actually been activated successfully on several occasions in response to 
non-nuclear emergencies in the vicinity of the nuclear plants. Currently, few 
exercises result in the identification of major onsite shortcomings. Scenario 
quality is relatively consistent, and most nuclear power plant owners have 
access to sufficient trained and experienced staff members to produce tech
nically accur·ate scenarios and to conduct the challenging exercises. Some 
nuclear power plants owners engage consultants to assemble the scenario or 
control the exercise. 

One of the current major themes in emergency exercises is providing 
greater challenges and opportunities for in-plant personnel to diagnose and 
prevent or mitigate plant aamage. One method used to achieve this goal is the 
use of a plant-specific, full-scope simulator to control the operations scenar
io. Where these simulators ar-e available and located on the reactor site, this 
method offers a greater degree of realism for the control room operators. Al
though most simulators do not accurately model beyond-design-basis accidents, 
the highly accurate simulation that they do provide affot·ds the operations 
staff the opportunity to address reactor problems by using their abnormal and 
emergency operating procedures with support from the rest of the emergency 
response organization. While use of a simulator can introduce artificial 
problems into an ex~rcise because communications capabilities in a simulator 
room may not be as elaborate as those in a control room, awareness and planning 
can overcome this problem. 

Those nuclear power plant owners who do not have a simulator on the site 
will otter, prepare the reactor operations scenario by running the transient 
(accident) on a full-scope simulator while a crew of operators responds in 
accordance with their emergency operating procedures. The resulting'data 
reflect, with a high degree of fidelity, the indications that the operators who 
play lli the exercise will see as they attempt to deal with the same transient 
using the same procedures. At the very least, the operations data and events 
can be keyed to the operator actions directed by the emergency procedures such 
that a realistic time-line and sequence of events are presented to the 
operator. 

During this period, exercises became more sophisticated regarding inges
tion exposure pathway play. and recovery and reentry procedures. Recovery and 
reentry portions of exercises are largely conducted in a tabletop fashion, but 
ingestion pathway play often involves offsite authorities (to a 50-mile radius) 
who do not participate in the more frequent and smaller-scale 10-mile plume 
pathway EPZ exercises. Because Federal guidance was only issued in 1988, 
ingestion pathway exercises are still ir the early phase. Ingestion pathway 
exercise play focuses on the ability to implement procedures for protecting the 
public from ingesting contaminated foodstuffs. This includes decisionmaking on 
whether dairy animals should be placed on stored feed and implementing proce
dures for detecting contamination, for estimating the dose commitment conse
quences of uncontrolled ingestion and for imposing protective actions such as 
impoundment, processing, or product diversion and preservation. 

Recently, the United States has had experience in conducting and 
eva 1 uatir1g emergency exercises where offs i te authorities have refused to 
participate. The exercises in June 1988 at the Seabrook and Shoreham nuclear 
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power plants were the largest such undertakings. At Seabrook and Shoreham the 
nuclear power plant owners supplied their own offsite plans and personnel to 
compensate for the lack of participation by the States of Massachusetts 
(Seabrook) and New York (Shoreham). These exercises each involved between 
l,GOO to 2,000 players, controllers, and evaluat~rs supplied by the nuclear 
power plant owners and 100 to 200 Federal controllers and evaluators. A unique 
feature of these exercises, aside from the size, was the play of personnel who 
were trained by the nuclear power plant owners to facilitate the coordination 
between the nuclear power plant owners response and the response expected from 
offsite authorities during a real accident. The skills of these interface 
personnel were tested by Federal exercise controllers simulating the roles of 
offsite officials over the telephone. Both of these exercises were considered 
generally successful by both NRC and FEMA. Since then Shoreham has been 
licensed for full power operations, while the license for Seabrook is still 
pending. 

The Future 

Reducing reactor accident risk by mitigating either the severity of 
accidents or the resulting radiation releases is the object of the NRC's 
accident management program. There is substantial interest by industry in the 
concept of more realistic emergency scenarios conducted in such a way that the 
actions of plant staff to correct problems can be objectively graded, raising 
the possibility that the players will actually terminate or significantly 
mitigate the event. This type of exercise is seen as having great promise as a 
method of developing and practicing procedures necessary to interdict accident 
scenarios in which multiple failures have occurred and normal success paths are 
not available. Such exercises may be useful in identifying innovative mitiga
tion strategies which have not previously been identified. 

A few nuclear power plant owners have successfully demonstrated the 
practicality of conducting damage control-type drills as part of an emergency 
exercise. However, the prospect of players successfully terminating the acci
dent scenario may not be welcome if the exercise play of offsite agencies 
depends on the plant being seriously damaged. For this reason, it is likely 
that any exercises in which the players have the opportunity to prevent the 
condition of the plant from degrading to the point where offsite actions are 
initiated will have to be conducted in the years when offsite agencies are not 
participating to a major extent. 

Summary 

Emergency preparedness in general and emergency t:xercises in particular 
have evolved and have been substantially improved in the past 10 years. 
Exercises are a fundamental tool for training personnel who would be relied 
upon in an actual emergency, and for demonstrating the implementability and 
refining the adequacy of emergency plans. The success of any exercise depends 
on a number of factors including, management support, scenario realism, close 
coordination and cooperation between onsite Bnd offsite emergency response 
organizations, objective exercise evaluations by the participants, emergency 
equipment availability and personnel training. The conduct of the U.S. nuclear 
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power plant emergency exercise program is expected to continue to evolve, and 
thereby provide assurance that appropriate steps will be taken by onsite and 
offsite emergency response organizations to minimize the impact of any future 
accident. 

REFERENCES 

1. "Criteria for Preparation and Evaluation of Radiological Emergency Re
sponse Plans and Preparedness in Support of Nuclear Power Plants," 
NUREG-0654/FEMA-REP-1, Rev. 1, U.S. Nuclear Regulatory Commission, Novem
ber 1980. 

2. "Report to the NRC on Guidance for Preparing Scenarios for Emergency 
Preparedness Exercises at Nuclear Generating Stations, Draft Report fer 
Comment," NUREG/CR-3365/PNL-4758, U.S. Nuclear Regulatory Commission, 
March 1986. 

3. "Functional "criteria for Emergency Response Facilities," NUREG-0696, U.S. 
Nuclear Regulatory Commission, February 1981. 

4. "Clarification of TMI Action Plan Requirements, R~;·quirements for Emergency 
Response Capability," NUREG-0737, Supplement No. 1, U.S. Nuclear 
Regulatory Commission, January 1983. 

5. "Federal Radiological Emergency Response Plan (FRERP}," Federal Register, 
November 8, 1985. 

- 347 -



EXPERIENCE FROM BI-LATERAL EXERCISE HYDRA 
BETWEEN SVITZERLAND AND FEDERAL REPUBLIC OF GERMANY 

M. Baggenstos 
Swiss Nuclear Safety Inspectorate 

CH-5303 Ytirenlingen 

H. Schwall 
Ministry of Interior Bade-Yurtemberg 

D - 7000 Stuttgart 

ABSTRACT 

In November 1987, a bi-lateral exercise between Switzerland and the Federal 
Republic of Germany took place. The emergency organizations on both sides 
were alerted. An anticipated transient without scram (ATWS) at the BWR Leib
stadt (Mark III Type) situated directly on the border was assumed. The paper 
describes the problems which occured because of the different emergency coun
ter measure concepts in both countries. The most important lessons learned 
are discussed. 

EXPERIENCE TIREE DE L'EXERCICE BILATERAL HYDRA 
ENTRE LA SUISSE ET LA REPUBLIQUE FEDERALE D' ALLEHAGNE 

RESUME 

Un exercice bilateral a eu lieu en novembre 1987 entre la Suisse et la 
Republique federale d'Allemagne. Les organismes d'intervention en cas d'ur
gence des deux pays ont ete alertes. On a admis !'hypothese d'un transitoire 
sans chute de barres affectant le reacteur a eau bouillante de Leibstadt (de 
type Mark III) situe directement sur la frontiere. La presente communication 
decrit les problemes souleves par la difference entre les contre-mesures 
d'urgence prevues dans l'un et !'autre de ces pays et examine les principaux 
enseignements a en tirer. 
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1. NUCLEAR INSTALLATIONS WITHIN 100 KM OF THE SWISS BORDER 

Fessenheim FRG 
50 km 

F A 

Bugey 

• • Creys- Malville 

Grenoble Trino Vercellese 

• • • Pavia 

• Caorso 

Within about 100 km of the swiss border there are several nuclear instal
lations in France and Italy. 

France 
Bugey 

Fessenheim 
Creys-Malville 
Grenoble 

5 NPP (1 x gas cooled and 4 x pressurized water 
reactors) 
2 NPP (PWR) 
fast breeder reactor 
research reactors (HFR, Siloe and Melusine) 
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Italy 
Trino Vercellese PWR 
Caorso BWR 
Pavia Triga research reactor 
Ispra Research Centre 

Austria 
Has no nuclear power plant 

Federal Republic of Germany 
All NPP's are more than 100 km away from the swiss border. 

2. RESPONSIBILITY FOR EMERGENCY PLANNING AROUND THE NPP LEIBSTADT 

Leibstadt, a BWR with a Mark III Containment, is situated directly on the 
border to the FRG. 

Beznau, with two PWR's, is situated some 6 km from the border. 

The responsibility for emergency planning and preparednes are as follows: 

In the Federal Republic of Germany 
The "Regierungspr~sidium" Freiburg is responsible for the planning and 
recommendation of protective counter measures. 
The "Landratsamt Waldshut" has to implement the measures. 

In Switzerland 
The National Emergency Operation Centre (NAZ) in collaboration with the 
Swiss Nuclear Safety Inspectorate is responsible for the planning and 
recommedation of protective countermeasures. 
The "Kanton Aargau" and the communities around the plant have to imple
ment the measures. 
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Capital City 
Stuttgart of 

• ZOrich (NAZ) 

The distribution of responsiblilities is useless if we dont have a good 
communication system between the different authorities. 

Therefore a System with an international dedicated line was installed to 
guarantee an information exchange at any time. 
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Dedicated line for information exchange. 

Freiburg 

·--

FRG 
CH 

--Red-Line 

---- Green-Line 

Waldshut •• 

Wurenlingen 

Red-line: Direct connection between 
- Leibstadt; Main Control room 

Rhein (Border) 

- HSK WUrenlingen; Emergency Operation centre 
- NAZ ZUrich; Emergency Operation centre 

Green-line: Direct connection between Switzerland and FRG 
- HSK WUrenlingen 
- NAZ ZUrich 
- Waldshut "Landratsamt" 
- Freiburg "Regierungspr~sidium" 

3. Bi-Lateral Agreement Switzerland - Federal Republic of Germany 

The agreement regulates the 24 hour information exchange between the 
neighbouring countries in the event of a radiation emergency. The ex
changed information must contain all available facts of importance in 
assessing the radiological danger. 

The agreement dated from May 31st 1978 contains the following points 
(extract only): 
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The parties agree to inform each other about emergency situations in 
their country, which could have radiological consequences in the 
neighbouring country. 

- The. parties guarantee to maintain a communication/information network 
between the respective emergency authorities. 

- The central part of the information system must be able to accept in
coming information about radiological emergency situations 24 hours a 
day and forward them to the responsible authorities. 
Communicated emergency information should contain all available data, 
which could be of use in assessing the danger to the public, expecial
ly: 
- Type of emergency situation, time and location of release, 
- Indication of transport pathway (air or water), meteorological and 

hydrological data necessary for assessing transport, 
- Physical and chemical properties of the release, and if possible the 

amount released, 
- Expected future time dependence of the release, 
- Indication of countermeasures already taken or being planned in the 

respective country. 
- Changes in situation, including the end of the emergency situation, 

should be communicated in subsequent information exchanges. 
- The parties are allowed to send a liaison group to the neighbouring 

country in the case of an emergency or exercise. The liaison group has 
access to the relevant emergency centers, and is allowed to send 
information back to their own country. 

4. Experience from the HYDRA 1987 Exercise 

On Nov. 13th 1987 from 8 am to 6 pm a bi-lateral international exercise 
involving the NPP Leibstadt and all responsible authorities from Switzer
land and the Federal Republic of Germany took place. 

The exercise was named HYDRA in remembrance of the greek snake with seve
ral heads. 
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The obJectives of the exercise were to test 

- The correctnes of the assessment of the involved staff 
- Leibstadt NPP 
- HSK 

- NAZ 
- Freiburg 

- the on-line assessment of the meteorological condition by the NAZ 
- the feasibility of the communication network 
- the collaboration between Switzerland and the Federal Republic of Ger-

many 

4.1 Exercise scenario 

Time Scale of exercise 

0800: The plant is initially in normal operation (3138 MWth). Malfunction 
of a component during a test of the MSIVs (Main Steam Isolation Valves) 
leads to steam isolation with resulting scram. The reactor operators 
quickly notice that not all control rods have been inserted and certain 
SRVs (Safety Relief Valves) have opened, indicating an ATWS (Anticipated 
Transient Without Scram) situation. Reactor power decreases within seve
ral seconds to about 15%. Reactor pressure is limited by the SRVs. The 
reactor operators try, without success, to insert the remaining control 
rods. 

The secondary side of the plant continues to behave normally. The water 
level in the reactor is maintained at routine operation level by the 
feedwater system. The reactor power is decreased to 12% by lowering the 
water level to -1.5 m. One of the two feedwater pumps is taken out of 
operation, in order to prolong feedwater availability. 

0810: The suppression pool temperature increases to 40 degrees Celsius, 
at which point the SLCS (Standby Liquid Control System) should be activa
ted. One of the SLCS pumps is in revision and the other cannot be activa
ted by the reactor operators. 
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0835: The remaining feedwater pump fails •. The. other feedwater pump cannot 
be started. The water level in the reactor quickly sinks. The reactor 
power stabilizes (strongly oszillating) at about 7%. 

The reactor core is partially uncovered. The Zr/H20 reaction leads to the 
production of H2. The pressure in the containment increases more rapidly. 
Gap release results in radioactive substances entering the coolant. 

0900: The H2 co,ncentration in the conta1nment exceeds 1 Vol. %. 

0910: The dose-rate in the containment increases and reaches 10 %/h, the 
criteria for warning. 

1015: The dose-rate in the containment reaches 100 R/h, the criteria for 
general alarm. The suppression pool temperature has reached 81 degrees 
Celsius. The H2 concentration is 7 Vol.%. 

The SLCS has now become available and boron is immediately injected into 
the reactor. The suppression pool temperature stabilizes at 81 degrees 
Celsius. The dose-rate in the containment has reached 1'000 R/h and is 
still increasing. 

1115: The dose-rate in the containment reaches 40'000 R/h. 

1145: A H2 deflagration produces a pressure peak of about 5 bar. The 
pressure afterwards slowly decreases to about 1.5 bar. Radiation alarm is 
issued because a release of radioactivity has become probable. 
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Time Phase 
...:! 
:::.:: 

08.00 Begin :::.:: 

I 
08.30 

"'" fiJ 
< ::r: 
A.. 

09.07 + 

10.15 

11.45 + 
-
"'" fiJ 
< ::r: 
A.. 

13.45 + 
::: 
"'" fiJ 
< ::r: 
A.. 

16.00 + 
> 

17.00 _j_ 

Authorities 
:::.:: N fiJ (.,? 
C1J < ...:! a:: c:; ::r: z ~ u.. < 

end of exercise 
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Events and Actions 

ATWSSignal 

D > 10 R/h 
warning 

D > 100 R/h 
general alarm 

Containment 
pressure 5 bar 

radiation alarm 

end of release 

~ 

chart of fallout completed 

judgement of situation 



4.2 Participating Authorities 

Involved Authorities and Communication Network 

Reg. Pras ______________ 1_> _____________ _ 
Freiburg 

2) 2) 

HSK 
2) 

Landratsamt 
Waldshut 

: 1) 

Abt. ACSD 
PSI 

"""- KUeR 
.,._ _ ___. IRA 

(off-site monitoring teams) 

1) NAZ I HSK I Freiburg I Waldshut (green line) 
2) HSK I KKL I NAZ (red line) 
3) NAZI MLS (Management of Measuring teams) 
4) Management of Countermeasures 

- 357 -



. 3 Experience 

The exercise has given experience in the following areas: 

a) Alert procedures 
b) coordination of protective measures 
c) exchange of liaison persons 
d) exchange of radiological measurements 

a) Alert procedures 

The most importante experience was that it is not enough to send a telex 
or telecopy to the counterpart {from NAZ to Freiburg or Aargau) but it is 
very essential to check that the message has arrived at the responsible 
Person. 

At the 3 stages of alerting a telex was sent. The times of arrival were 
as follows: 

WARNING 

Warning from 
NPP to HSK 
9.07 

Warning arrived 
at NAZ 
9.21 9.50 

Warning at staff 
Kanton AG 
11.43 CH 

+--------------+-----------+---------------------------+--------------
Warning at Freiburg FRG 
and Waldshut 

Shortly after 9.21 the warning was at the police station of AG but not at 
the emergency staff! 

The time delay between the NPP and NAZ and the FRG is not acceptable. 
Every stage has to reinsure that the message has reached the following 
staff and is unterstood. 
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GENERAL ALERT 

Activation by NPP 
arrived at HSK 
10.20 

arrived 
at NAZ 
10.21 

Message by 
Broadcasting 

11.07 11.21 11.25 

Kanton AG 

12.18 CH 
+------------------+-----------+-----+--------+------------+------------

Freiburg Waldshut FRG 

The general alert would be activated by sirens 
- within 4 km from the plant directly by the Plant 
- in the outer regions via NAZ - Kanton 

The sirens would have sounded at 10.20 but the message by broadcasting 
would have been delayed by 1 hour (10.20- 11.21)! 

This needs still more coordination. 

When the release begins the radiation alarm will be activated 

RADIATION ALARM 

Activated arrived arrived Broad-
by NPP at HSK at NAZ casting 
11.30 11.45 12.07 12.09 12.33 12.39 

Kanton AG 

14.02 CH 
+----------+--------+------+-----+-------+------------+-------------

Freiburg Waldshut FRG 

Again the transmission was to much delayed. 

b) Coordination of Protective Measures 
----------------------------------- -- -- ----

/ 
It is very difficult to coordinate thes~measures. 

..... 
We have different: 

- emergency planning zones 
- siren signals 

/ 
I 

" '\~Skm 
I 

- criteria for declaring an emergency 
I - emergency protective measures; 

Emergency Planning Zones 

FRG: Inner zone (2 km) 
middle zone (10 km) 
outer zone (25 km) 

I 
\ 
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CH: Inner zone (4 km) 
outer zone (20 km) 

Siren signals 

FRG: 

CH: 

only 1. Signal (listen to the radio) 

general alert (listen to the radio) 

radiation alert (go to the shelter) 

Criteria for declaring an Emergency 

In both countries the situation in the plant is the basis for declaring 
the different stages of alert. 

The reaction of the authorities and the public differs depending on the 
availability and effectiveness of the different protective measures. 

Reaction in Switzerland 

WARNING 

The warning-stage has to be activated, if (for Leibstadt) the water level 
in the reactor pressure vessel decreases to level 1 ( 40 em above top of 
active fuel) AND the dose rate in the containment rises to over .1 Sv/h. 

+-------------------------------------------------------+ 
The WARNING activates the off-site public staff. 

+-------------------------------------------------------+ 

GENERAL ALERT 

The General-Alert stage has to be activated, if (for Leibstadt) the dose 
rate in the Containment has rised to over 1 Sv/h AND at least one of the 
following items is also fulfilled: 
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- The pressure in the Containment increases over the design value. 
- The H2 content approaches 4 Vol.%. 

+-----------------------------------------------------------------+ 
The public is alerted by sirens; Recommendations for pre
paring protective measures are given by broadcasting. 

+-----------------------------------------------------------------+ 

RADIATION ALERT 

When the radiological instrumentation in the stack shows a high release 
rate; radiation alert will be activated immediately. 

+---------------------------------------------------+ 
The public is advised to go to the shelters. 

+------------------------------------~--------------+ 

Reaction in the Federal Republic of Germany 

There are only two stages 
- Pre-Alert (Katastrophenvoralarm) and 

Emergency-Alert (Katastrophenalarm) 

Both stages are activated depending on the situation in the plant; but 
the criteria are not fixed. 

The decision is taken by the off-site emergency staff at Freiburg. 

Not only the stages but also the reaction is different. 

Pre-Alert and emergency-alert are not directly connected with a siren 
signal or a specific reaction of the public. 

The decision on evacuation is taken according to prognostic doses and not 
measurements in the stack. 
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The different activation times are shown below. 

WARNING 

9.07 9.45 
General-Alert 

10.19 10.20 

Radiation
Alert 
11.45 CH 

+------------+----------+-------+------------------+-------------------
Pre-alert Emergency Alert FRG 

Because of the different protection contepts (evacuation or sheltering) 
it is not possible to harmonize the reactions. 

Nevertheless it is very important to have a good knowledge of the protec
tive concept of the counterpart and the reasons behind their concept. 

it is also very important to have beforehand an information if a alert
stage will be changed in the neigbouring country so that you knowns the 
situations of the public at any time. 

c) Exchange of liaison persons 

In the agreement of 1978 between Switzerland and Federal Republic of Ger
many the exchange of a liaison persons is foreseen. 

This exchange took place between Wurenlingen and Freiburg. 

The idea of this liaison persons was very good but in future exercises 
persons should be exchanged between the two authorities responsible for 
the off-site emergency measures. 

NAZ ~ Freiburg 

d) Exchange of radiological measurements 

A map containing all measuring points on both sides (CH and FRG) had beer 
constructed and was exchanged in advance. This map was used very succes
fully and Freiburg and NAZ were informed about the radiological situation 
on the other side. 

A small problem was the different units used (mR/h andfSV/h). 
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OVERALL EXPERIENCE FROM THE HYDRA EXERCISE 

4 important lessons should be discussed 

a) Overall Emergency Manager 

To manage all aspects of emergency one "Overall Emergency Managers" is 
necessary. 

Because of the different protective concepts of the countries involved it 
is not possible to have one manager for both country. 

Therefore it is very important that each staff which has off-site respon
sibilities (Freiburg and NAZ) has a special emergency coordinator whose 
task is to inform his staff about all protective measures which are fore
seen or are implemented in the other country, and to give advise on the 
influence of these measures on his country. 

b) Liaison person 

The exchange of liaison officers is very important. They should have an 
overall knowledge about the nuclear power plant systems AND the off-site 
emergency concepts of his country. 

The liaison officer should be installed at the emergency operation cent
re, which has the off-site responsibility. 

c) Exchange of radiological data 

Radiological Measurements taken by different teams and analysed in diffe
rent laboratories must be exchanged on the form of preplanned map. 

The mesh point numbers should be coordinated in advance. 
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d) "Familiarity" 

The most important experience was that all staffs involved in off-site 
emergency management should known each other, to have reciprocal confi
dentiality, when speaking by telephone. 

This was the case in this exercise. This needs meetings with all staff 
members involved at a regular time intervall. 
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NUCLEAR EMERGENCY EXERCISES IN SPAIN 

J.P. Lahore, J. Gil 
Consejo de Seguridad Nuclear 

Madrid, Spain 

1. NUCLEAR EMERGENCY PLANNING PRACTICES IN SPAIN - THE LEGAL FRAHEVORK 

Since the approval of Spain's first regulation on nuclear matters 
(Nuclear Energy Law of 1964) the granting of an operating license to any 
Nuclear Power Plant was subject, among other conditions, to the submittal by 
the Applicant of an Emergency Plan. The reference for such plans were the ones 
accepted by the competent authorities in the origin country of the technology 
of the plant. 

The creation, in the early 80's, of the General Directorate for Civil 
Protection within the Ministry of Interior provided a central organization for 
dealing with all kinds of emergencies. The need for common practices for site 
emergencies and their links with off-site emergency planning as well as an 
update to international recommendations, such as the CEC Basic Standards, was 
recognized. In 1983 there was an in-depth review of the Nuclear Emergency Plans 
resulting in the adoption of several provincial plans. Then, the experience 
gained in exercises and their evaluation resulted in the adoption of a common 
framework, "The Nuclear Emergency Basic Plan" (PLABEN). 

The PLABEN is based upon the radiological principles issued by the 
Consejo de Seguridad Nuclear (CSN). These principles are: 

Definition of lower and upper levels of intervention. 

No protective measures are necessary for doses below the lower 
intervention level. 

Protective measures shall be taken when doses are expected to be 
higher than the upper level. 

When doses are expected to fall in the band between the two levels, 
protective measures are adopted when justified according to the 
reduction of the radiological risk. 

At any time action will be taken to reduce collective doses to 
values as low as reasonably achievable. 
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Authorities shall be notified of the events which may results in 
adoption of protective measures to the population so as to allow the 
initiation of actions before the lower intervention level is reached. 

Two zones are established for planning purposes according to the 
foreseeable radiological consequences. In the first zone it might be 
necessary to adopt measures because of the emergency declaration. In 
the second zone only monitoring is needed. 

The PLABEN objective is to avoid or mitigate as far as possible the 
effects of ionizing radiation to the population in the event of a nuclear 
accident. The scope is the planning of actions in the event of a nuclear 
emergency due to an accident in a nuclear power plant. 

Accordingly the PLABEN is structured around the Director of the Emer
gency (Civil Governor of the Province), head of the organization described in 
Figure 1. 

2. THE ROLE OF THE CONSEJO DE SEGURIDAD NUCLEAR (CSN) IN EMERGENCY 
PLANNING - STRUCTURE AND MISSIONS OF CSN EMERGENCY ORGANIZATION 

The CSN responsibilities during an emergency are the following: 

a) Evaluation and follow-up of the emergency situation. The information 
is provided through plant personnel or by systems of data acquisi
tion related to the plant, radiation monitoring devices, etc. 

b) Technical support and advice to the different authorities on nuclear 
safety and radiological protection matters. The CSN proposes the 
adoption of protective actions for the public. 

c) Informing the Authorities and the public at large of the evolution 
of the situation. The information shall be coordinated with those 
provided in the emergency area. 

d) In extreme situation whenever the CSN consider that the actions 
taken by the Plant Operators are not the most adequate, operating 
instruction shall be given to mitigate accident consequences. 

The CSN Emergency Structure is provided in Figure 2. 

3. SITE EMERGENCY EXERCISES 

To provide for an adequate maintenance of the adequacy of the CSN emer
gency structure, two objectives have been established: 
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i) Preparedness of the Emergency Organization 

Insuring that all personnel involved is aware of the action 
procedures. 

Maintaining the effectiveness of teams and equipment. 

Checking through tests and .exercises the degree of knowledge and 
effectiveness. 

ii) Updating of the Emergency organization 

Reviewing the organization and action procedures in accordance 
with the lessons learned through exercises and the evolution of 
international standards and recommendations. 

Exercises are based upon an accident scenario which activate the emer
gency organization and provide a measure of response capability and of the 
effectiveness of the resources involved. The general exercises involve the 
whole of the emergency response organization, the partial are aimed at some 
group or level in the structure. According to the radiological consequences 
they are classified as site related exercises when the radiological impact is 
significant only in the area under control of the licensee, and general exer
cises when the supposed consequences are significant outside the area and can 
lead to the adoption of protective actioh for the public. 

The rules at the CSN require that all the sites with an operating 
license perform yearly at least one internal exercise. Before an operating 
license is granted a general exercise which involve the whole organization in 
the area of influence of the plant must be carried out. 

The last general exercises in Spain were carried out in October 1987 
and February 1988, as two plants were started. In both general exercises the 
internal, local and provincial organizations were activated. In general the 
results were satisfactory, but some areas for improvement were found specially 
in relation with traffic and communications aspects. Adequate update programs 
were decided on and have been carried out. 

As far as internal exercises are concerned the Plant Internal Emergency 
Plan and the related part of the Provincial Plan are activated, the latter in 
the communication with the Civil Government and the activities of the Radio
logical Group in the Coordinating Centre (CECOP). 

The Exercise is decided on after a preliminary study submitted by the 
Plant Management has been discussed between the Plant and CSN staff. The 
Program includes the initiating event(s), its caracteristics and evaluation, 
the protective measures required according to the expected source term and the 
objectives to be met. Those exercises are adequately modified so as to verify 
the operability of all the resources involved in different situations. 

The criteria followed for the preparation, execution and evaluation of 
the exercises are the CSN Regulatory Guide 1.3, "Emergency Planning for Nuclear 
Power Plants", the Plant's Emergency Action Guide, the recommendations of 
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International Organizations such as "Emergency Preparedness Exercises for Nu
clear Facilities: Preparation, Conduct and Evaluation, IAEA Safety Series 73", 
etc. 

In general the Plant Staff carries out the following tasks: 

Evaluation and classification of the emergency situation. 

Notification of the authorities. 

Activation of the emergency centers. 

Activation and intervention of emergency reserve teams. 

Activation and intervention of fire-fighting and rescue brigades. 

Rescue and evacuation of an injured and contaminated person. 

Monitoring of radiation inside and outside the site. 

"Emergency" sampling. 

Dose estimation for the public due to potential leaks. 

Relocation, control and in some cases evacuation of the Plant 
personnel which is not needed in the emergency operation. 

The aim is to evaluate areas such as: 

Response of the Plant emergency organization. 

Monitoring, control and evaluation of the emergency. 

Plant's Corrective actions. 

Protective actions aimed at workers and general public in the area 
of influence of the plant. 

Assistance to affected persons (injured, contaminated and 
irradiated). 

Update of the Plant Emergency Plan in aspects related to the 
training of personnel and suitability of technical resources. 

The scenarios are-modified for each site i~ such a way as to cover most 
of the foreseeable accidents in a given period of time. 
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4. CONCLUSIONS 

The following main conclusions can be drawn from our experience: 

In general the Planning for emergency response in nuclear installa
tion in Spain is found to be satisfactory; the organization, human 
and technical resources are adequate to cope with accidents with a 
given probability of occurrence. 

Deficiencies have been detected in the communications between Li
censees and the authorities. The corrective actions are being 
implemented the aim of which are to improve the reliability of 
communication channels and the use of redundant channels for data 
transfer, for example meteorological, radiological and operational 
data. 

An automatic network to provide for a permanent monitoring of 
environmental radiation is presently in the design phase. 

It is deemed necessary, at least in a planning stage, to consider 
acidents which have a very low probability of occurrence, but which 
have significant consequences for large areas and even international 
impact. The international cooperation is therefore extremely 
important. 

It is also deemed necessary to promote, at national and internation
al levels, training programs for personnel, which might be part of 
an intervention (medical, fire-fighting and security teams), without 
being directly involved normally in the activities of Plant or Regu
latory organizations. The adequate information to the pupulation is 
another matter; the proposal by the Commission of the European 
Communities of a Directive on that subject is an important step in 
the right direction. 

The sharing of experience is vital for the diffusion of best prac
tices. Meetings like this play an important role, enhanced by the 
fact that both organizations have avoided duplication of efforts. 
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COOPERATION FRANCO-ALLEMANDE POUR LA PREPARATION AUX SITUATIONS D'URGENCE 
CONCERNANT LA CENTRALE NUCLEAIRE DE FESSENBEIM 

H. Schwall 
Chef du Service de Protection contre les Accidents (Katastrophenschutz) 

Ministere de l'Interieur du Bade-YGrtemberg 
Stuttgart, Republique federale d'Allemagne 

J. Scherrer 
Chef-adjoint du Service Central de Surete des Installations Nucleaires 

Paris, France 

1. Situation de la centrale nucleaire 

La centrale nucleaire Fessenheim, au bord du Rhin, se trouve a 
40 km au nord de Bale. La distance par rapport a Fribourg en Brisgau est 
d'environ 20 km. Dans le voisinage allemand de la centrale nucleaire se 
trouvent de nombreuses agglomerations de taille variable. 

2. Bases des plans d'urgence 

2.1. Exigences 

La population allemande dans le voisignage de la centrale 
nucleaire doit beneficier de la meme protection que celle qui est prevue 
pour la population fran~aise dans le voisinage de cette centrale. 

De plus, les autorites allemandes retiennent le principe que la 
protection doit etre la meme que dans le voisinage des centrales nucleaires 
allemandes. 

2.2. Conclusions 

Des deux exigences a remplir par la protection en situation 
d'urgence decoule la necessite que les autorites allemandes responsables de 
la securite civile devront etre informees 

- aussi vite et 

- avec les memes contenus complets 

que les autorites fran~aises responsables de la securite civile. 
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3. Commission franco-allemande 

Dans le cadre des negociations sur l'assitance reciproque et 
sur l'echange d'informations, les ministeres concernes des deux pays ont 
convenu des 1976, par echange de lettres, la mise en place d'une commission 
franco-allemande pour les questions relatives a la surete des installations 
nucleaires instituant ainsi une collaboration tres large entre autorites 
allemandes et frangaises. Cette commission a bien entendu comme mission de 
traiter plus en detail l'echange d'informations et la cooperation en 
matiere de radioprotection et de plans d'urgence pour la population 
habitant le voisinage proche ou lointain d'installations nucleaires. Un 
groupe de travail specialise a ete cree a cet effet. C'est ce groupe qui a 
mis au point le texte de l'accord du 28 janvier 1981 ci-dessous. 

ij, Accords franco-allemands 

Le Gouvernement de la Republique Frangaise et le Gouvernement 
de la Republique Federale d'Allemagne ont conclu le 28 janvier 1981 un 
accord sur l'echange d'informations en cas d'evenements ou d'accidents 
pouvant avoir des consequences radiologiques. Cet accord complete l'accord 
que la Republique Federale d'Allemagne et la Republique Frangaise ont signe 
en 1977 (qui est entre en vigueur en 1980) concernant l'assistance mutuelle 
en cas de catastrophe ou d'accident grave. 

Les elements importants de l'accord sont 

- les deux parties s'engagent a s'informer immediatement sur les evenements 
ou accidents pouvant avoir des consequences radiologiques et pouvant 
avoir des repercussions sur le territoire de l'autre Etat. 

- les parties contractantes mettent en place et exploitent un systeme 
d'information mutuelle. 

- les parties contractantes pennent des dispositions pour 
informations puissent etre transmises 2ij heures sur 2ij. 

que les 

- les parties contractantes se sont egalement engagees de transmettre avec 
l'information sur les evenements en question toutes les donnees 
disponibles permettant d'evaluer le risque. En font partie notamment : le 
jour, l'heure et le lieu de l'evenement, le type et la cause de 
l'evenement, les caracteristiques de l'eventuel rejet, l'evolution 
probable de l'emission en fonction du temps, le milieu recepteur et les 
caracteristiques meteorologiques et hydrologiques permettant une 
prevision de la diffusion des produits radioactifs rejetes. 

Sont fournies egalement des indications sur les dispositions 
qui sont prises ou prevues pour la protection de la population nationale. 

- les modifications de la situation sont egalement communiquees. 
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chaque partie contractante peut envoyer des personnes ae liaison aupres 
des autorites de l'autre partie contractante. Les personnes de liaison 
ont acces aux informations essentielles et ont le droit d'informer les 
autorites competentes de leur propre Etat en utilisant leurs propres 
moyens de communication. 

- les parties contractantes ont egalement convenu de s'informer 
mutuellement sur les evenements survenant dans leurs installations 
nucleaires qui n'ont aucun impact radiologique sur l'environnement de la 
centrale nucleaire, mais qui seraient susceptibles de provoquer de 
l'inquietude au sein de la population vivant a proximite de la frontiere. 
Les modalites de l'accord ont ete definies dans un echange de lettres 
entre les autorites concernees. Dans le cas de Fesseneheim cela concerne 
les anomalies dans le circuit primaire, les evenements pouvant etre 
observes de l'exterieur, les arrets programmes et non programmes d'une 
tranche (duree de plus de 24 heures) et le declenchement de mesures dans 
le cadre du plan particulier d'intervention (PPI) pour la centrale 
nucleaire. De plus, l'autorite frangaise fournit des informations sur des 
situations ou faits non precises dans l'accord qui pourraient interesser 
la partie allemande. 

5. Realisation effective de la cooperation 

5.1. Commission franco-allemande 

La commission franco-allemande se reunit au moins une fois par 
an. Elle a cree un groupe de travail "plans d'urgence" au sein duquel sont 
traitees egalement toutes les questions de l'information sur les evenements 
survenant dans les centrales nucleaires frontalieres. 

Le travail de la commission a ete un appui precieux dans la 
cooperation entre les autorites concernees, notamment par le biais des 
informations fournies et par la preparation de concertations de toute 
nature. 

En particulier la commission a cree les deux couples de 
centrales nucleaires Fessenheim-Neckarwestheim 1 (900 MW) et 
Cattenom-Philippsburg 2 (1300 MW). un travail tres prec1s de comparaison 
entre ces deux dernieres centrales a abouti notamment a la conclusion 
suivante (rapport public de la DFK n° 82/2) : 

"Sur la base de ces informations, la commission arrive a la conclusion que 
les mesures de surete, de radioprotection et de protection de 
l'environnement ainsi que les plans d'urgence deja mis en place ou prevus 
pour les centrales nucleaires de Cattenom et de Philippsburg 2 sont 
comparables, notamment pour les consequences au-dela des frontieres, et que 
la population frontaliere beneficiera dans chaque cas par rapport a la 
centrale etrangere d'une protection analogue a celle prevue dans le 
voisinage des centrales nationales." 

Cette conclusion repondait tres clairement a l'exigence citee 
en 2.1. ci-dessus. 
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5.2. Echange d'informations entre les autorites 

Entre la prefecture du departement du Haut-Rhin a Colmar et le 
Regierungsprasidium de Fribourg en Brisgau a ete mise en place une ligne 
specialisee internationale. Cette ligne fait !'objet de controles 
periodiques. Jusqu'a maintenant, il n'y a pas eu de perturbation grave du 
fonctionnement. 

La prefecture de Colmar informe le Regierungsprasidium de 
Fribourg en Brisgau, en utilisant les voies de telecommunications 
generales, sur les evenements survenant a la centrale nucleaire de 
Fessenheim et pouvant etre importants pour le voisinage allemand de cette 
centrale. Elle fournit egalement des elements d'information qui sont 
transmis aux membres de la commission de surveillance locale de la centrale 
ou ala presse franqaise bien que ce type d'information ne fasse pas partie 
des accords. 

L'information complete des autorites allemandes a apporte une 
contribution importante a la reduction des inquietudes qui existent parmi 
la population allemande. 

6. Evolutions recentes 

Au printemps 1989 le ministere de l'interieur de la Republique 
Franqaise a presente a la commission franco-allemande un nouveau systme 
d'alerte et d'echange d'informations repondant aux besoins de la protection 
en situation d'urgence dans le vo1s1nage des centrales nucleaires. Le 
systeme en question utilise les !ignes telephoniques existantes. En cas 
d'accident il permet une alerte rapide de toutes les autorites concernees. 
De plus, un reseau de telecopieurs s'appuyant sur les !ignes specialisees 
offre la possibilite d'un contact direct entre les autorites allemandes 
concernees et l'exploitant de la centrale nucleaire franqaise. Tous les 
acteurs attendent de ce systeme une nouvelle amelioration des possibilites 
techniques de la cooperation entre les autorites qui ont en charge la 
securite civile. 

7. Experiences acquises, evaluations 

L'intense echange d'informations entre l'autorite franqaise 
responsable de la centrale nucleaire de Fessenheim et de l'autorite 
allemande responsable de la securite civile dans le vo1s1nage de cette 
centrale a ete constamment ameliore depuis sa mise en place. Cet echange 
contribue de maniere determinante, autant que faire se peut, a la reduction 
de la contestation des centrales nucleaires par la population. 

Le nouveau systeme d'alerte et d'information qui a ete propose 
pourrait constituer un nouveau perfectionnement tres important. Il devrait 
repondre au souhait des autorites allemandes d'avoir la possibilite de 
poser des questions techniques directement a l'exploitant de la centrale 
nucleaire. Cette amelioration devrait etre realisee avant la fin 1989. 
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BILATERAL AGREEMENTS BETVEEN SVEDEN AND OTHER COUNTRIES 

J.O. Snihs 
National Institute of Radiation Protection 

Stockholm, Sweden 

Since ratification of the IAEA convention on early notification 
of the 26 September 1986 Sweden has made bilateral agreements 
with the following countries: Denmark, Finland, Norway, the 
Soviet Union and the German Democratic Republic. Negotiations 
are presently going on with Poland and the Federal Republic of 
Germany and more countries may come to the fore in a near 
future. To each agreement, ,.,hich are signed by the goverments, 
there are special settlements on the application of the 
agreements signed by respective authorities. 

The different agreements show many similarities. They do not 
only concern notification but also exchange of information. 
Typical basic structure and main content of the agreements and 
settlements are as follows. 

Area of validity 

1. Concerning notification the agreement applies to nuclear 
accidents at plants and activities as defined in the IAEA 
convention article 1 and to situations as described below 
(p. 4). 

2. The exchange of information concerns all nuclear power 
reactors, that are operating or being built, research 
reactors (more than 1 MV) and facilities for temporary and 
final storage of spent fuel. 

Notification in nuclear accidents 

3. The parties shall inform each other promptly about accidents 
referred to in article 1 of the IAEA convention and according 
to article 5 of the convention. The notification of an 
accident shall include information of the nature of the 
accident, technical course of event, the time and location of 
the accident. The technical condition of the plant should be 
given when available. 

4. The parties shall also inform each other about other 
accidents or events within the country which may or may not 
cause transboundary releases but have caused some preventive 
actions for protection of the public. 

The parties shall also inform each other in case of 
significant increase of the radiation levels that can not be 
referred to releases within the own country if these 
increased levels cause preventive measures for protection of 
the public. 
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With preventive measures are meant official specific 
information to the public, an increased emergency 
preparedness and measures to decrease the exposure of the 
public. 

The information to be given to the other country should 
include data on activity and doses, radionuclides, place, 
time, meteorological data and taken measures. 

Exchange of information 

5. The parties shall at least once a year give information to 
each other about the nuclear facilities mentioned above 
(p. 2). The information from each party shall include such 
data that make it possible for the other party to judge the 
consequences in its country of a possible accident. The 
information given will be quite detailed in technical data 
but also include nuclear safety and radiation protection 
aspects and experiences. If requested by one party there will 
be consultations on nuclear safety and radiation protection 
issues. 
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SUMMARY AND CONCLUSIONS 

The Vorkshop brought together specialists in the field of nuclear safe
ty, radiation protection and emergency planning, and provided a useful forum 
for discussions on emergency planning and preparedness. The discussions con
centrated on developments, changes and trends particularly since the Chernobyl 
accident in 1986. 

The NEA Survey on Emergency Planning Practices and Criteria, which was 
presented as an introductory paper, set the scene for the discussions. It 
showed that the Chernobyl accident had given rise to an increased attention to 
emergency planning and preparedness nationally as well as internationally due 
to observed deficiencies and lessons to be learned. Showing in practice that 
a severe nuclear accident can influence areas far beyond the emergency planning 
zones, the Chernobyl accident stressed the importance of national and even 
international co-ordination of emergency response actions. A lot of effort is 
therefore paid to improving the situation. The Survey also showed that the 
international guidance and recommendations in this field need to be revised. 
This is also being done. The IAEA, for example, which presented an overview 
of some of the on-going activities within the Agency related to emergency 
planning, underlined this observation. One field of particular importance to 
the IAEA is to revise their existing guidance on the application of interven
tion levels, together with the criteria upon which numerical values of inter
vention are based. Further on-going IAEA activities are discussed in the IAEA 
paper in Session I. 

Session II entitled "Developments Concerning the Basis for Emergency 
Planning", dealt with the following topics: 

Technical basis for off-site emergency planning; 

The development and use of criteria for protective actions; 

National emergency response plans. 

It is evident from the papers presented related to the first part that 
enormous resources have been and are still being devoted to nuclear safety 
measures such as prevention of severe accidents and mitigating their conse
quences, i.e., so-called accident management measures. The impact, however, 
on off-site emergency planning and preparedness schemes seems less than might 
have been expected and no major changes in emergency preparedness requirements 
seem to be foreseen in the Member countries represented. On the other hand, 
it is realised that all on-site accident management measures provide an addi
tional line of defence for the population and the environment to be considered. 
On-site accident management, as well as the new knowlege on the time-scale of 
severe accident progression, should give the off-site "consequence management 
team" additional time to prepare and carry out countermeasures off-site. More
over, many experts stressed the importance of having a general flexibility in 

- 381 -



emergency preparedness and warned against a strong coupling between source 
terms and off-site planning. Large releases cannot be totally excluded 
although considered most unlikely. 

Concerning criteria for protective actions the keyword was flexibility. 
One should not decide too much in advance, but be well prepared for taking 
actions which take the actual circumstances prevailing in an accident situa
tion into account, for example, as regards the establishment of numerical 
intervention levels. 

The presentations of several national emergency response plans showed 
that, whereas the nuclear emergencies seem to be incorporated into the overall 
Civil Protection Scheme, the specifity of nuclear activities calls for a hori
zontal and vertical integration of industry and administration at different 
levels. The specific structures of governmental organisations of the different 
countries have an impact in the emergency planning but the basic assumptions 
are essentially similar. 

The following conclusions were finally proposed: 

The emergency planning has to be performed in a realistic and simple 
manner; 

Although some differences may be inevitable when developing criteria 
and plans, harmonisation between countries should be sought to the 
extent practicable; and 

Modification of basic criteria for emergency planning should only be 
justified if they prove unsuitable for the purpose for which they 
are intended; stability should, as far as practicable, be maintained. 
(This statement should be seen in the context of on-going revisions 
of international recommendations.) 

Session III concerned "Surveillance, Monitoring and Decision-Making". 
Existing or planned schemes of monitoring networks were presented and strate
gies for using them in radiological emergencies were discussed. Moreover, 
several countries presented their resources in the field of advanced mobile 
systems for large-scale scanning of deposited radioactivity and for whole body 
counting of large numbers of people, in case of a radiological emergency. In 
France, for example, an advanced mobile whole body counting system has existed 
for several years, allowing, if necessary, thousands of persons per day to be 
checked for internal contamination. The efficiency of aerial monitoring to 
localise, identify and characterise airborne radioactive releases, lost radio
active sources and spills of radioactive substances was demonstrated. Such a 
system has, for example, been in operation in the USA since the late 1950s. 
Keeping the resources, however, for carrying out such advanced monitoring might 
be difficult for smaller countries. Therefore, bilateral agreements or inter
national assistance should be considered as possible solutions for maintaining 
the options. 

During the Chernobyl accident the difficulty of comparing results of 
measurements was recognised, particulalry at an international level. In order 
to improve the situation, efforts should be devoted to the area of standardisa
tion, in particular as regards techniques for sampling. A Dutch paper on this 
subject gave rise to a rather intensive discussion on standardisation and 
harmonisation. 
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A CEC paper, finally, presented the results of a recent Workshop on 
"Decision Aids to Off-Site Emergency Management". This Workshop provided an 
overview of the current state-of-the-art in the design of computerised systems 
for use in real-time in nuclear emergencies, a field which has received in
creased attention since the Chernobyl accident. In the paper it was concluded 
that a range of useful operational systems already exists and further develop
ment can be expected. There are, however, aspects which merit closer atten
tion, such as the "user friendliness" of the systems. 

The following aspects were emphasised as being of particular importance 
from a technical point of view, in an emergency with releases of radioactive 
substances: 

Early detection, combined with a reliable and rapid nuclide specific 
gamma analysis of aerosols; 

Reliable and rapid information on most important internal contamina
tion pathways in the early stages of an accident; and 

Long-term monitoring and analytical capacity good enough to ascer
tain a reliable evaluation of the risk to the population. 

Session IV was entitled "Experience from Emergency Planning and Response 
in the Non-Nuclear Field". It is obvious that a unique opportunity exists for 
mutually beneficial exchanges of emergency preparedness information between 
people in the nuclear field and people concerned about non-nuclear emergencies. 
A wealth of information has been acquired in the nuclear field as a result of 
extensive planning, analysis of plans, and conducting drills and exercises. In 
contrast, on the non-nuclear side, there is a vast store of knowledge gained 
from experience with innumerable real emergencies. The opportunity is enhanced 
by the heightened public concern about non-nuclear emergencies resulting from, 
for example, the Bhopal disaster. Session IV included reports on several non
nuclear emergencies, including "the miracle at Mississauga", the phospate fire 
at Nantes, the PCB warehouse fire in Quebec, and several events in the USA. 
It is clear that some outstanding emergency control work is being done in the 
non-nuclear area and that preparations made for nuclear emergencies are proving 
valuable in non-nuclear emergencies. An excellent start has been made and it 
is important that communication channels be kept open. 

Session V, "Design of and Experience from Nuclear Emergency Exercises", 
included presentations from four countries. Additionally, a joint FRG/Swiss 
paper on a bilateral exercise was presented. It was generally agreed that 
exercises are important to make an emergency preparedness organisation effi
cient. Deficiencies are always found, and weak points seem still to be tech
nical communication and co-ordination between plants and authorities, as well 
as between authorities. By exercises such deficiencies may be revealed and 
overcome. Furthermore, organisations that are not connected normally by the 
day-to-day work will be trained together; personal acquaintances and practi
calities of overriding importance in an accident situation will also be tested 
and deficiencies identified. The success of an exercise depends very much on 
the choice of scenario. It was emphasised that one should try to make the 
exercises as realistic as possible and that an overall goal would be to make 
all actors conscious of the whole range of problems which they will have to 
face in a real situation. There seems to be an evolution towards the integra
tion of the post accident or the recovery phase in the exercises. In the USA, 
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for example, a large emergency exercise is being planned to be held in 1991, 
which will include aspects related to the recovery phase, as well as to the 
international dimension of a nuclear emergency. 

The experience from exercises involving two countries showed particular 
difficulties connected with, for example, differences in respective organisa
tional set-ups, emergency zones, alert stages, etc. However, an overall 
emergency manager in each country and interchange of liaison persons, would 
make common exercises easier and emergency arrangements more efficient. 

Finally, the general attitude among the participants of the workshop to 
common bi- or multilateral exercises was positive. However, it was also stress
ed that such exercises must be very well prepared in order to be successful. 
Areas requiring attention in such exercises would be communication between 
countries, public information schemes as well as criteria for intervention. 

The last Session of the Workshop, "Conclusions and Recommendations", 
started with the presentation of two papers discussing bilateral and regional 
agreements in the area of nuclear emergency planning. The rest of the Session 
was devoted to the development of some specific conclusions and recommenda
tions. These are presented below. 

SPECIFIC CONCLUSIONS AND RECOMMENDATIONS 

1. Accident Management 

On-site accident management measures provide an additional line of 
defence for the protection of the public and the environment. The ability of 
off-site emergency organisations to handle accident situations has thus 
improved. 

2. New Source Terms 

More detailed analyses seem to show that the accident source term, 
i.e., the release to the environment, is plant specific. Moreover, in most 
scenarios these analyses have indicated first, longer delays prior to the 
release, and second, smaller releases consisting mainly of noble gases, iodine 
and cesium. 

3. Flexibility 

The need for flexibility within emergency organisations to deal with 
different situations is widely recognised with large source terms not being 
totally exluded. The resources provided to emergency organisations must be 
such as to allow this flexibility; a preparedness to improvise should always 
exist. 

4. High Levels of Organisation 

More widespread involvement of the various organisations with a role to 
play has improved provisions for their integration at appropriate levels of 
organisation. 
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5. Learning from the Non-Nuclear Field 

Most useful experience in emergency management has been gained in 
non-nuclear fields and should be applied to nuclear emergency planning. Such 
experience seems to suggest, for example, that evacuation for short periods 
may be less disruptive than is generally believed. 

6. Umbrella Plans 

Already some national emergency management centres, incorporating both 
nuclear and non-nuclear response planning and preparedness, have been estab
lished and this tendency seems to continue. 

7. Improved Monitoring 

More powerful tools for the detection and measurement of environmental 
radioactivity levels are being introduced, such as nationwide networks and 
aerial survey facilities, which will allow a more comprehensive and reliable 
understanding of emergency situations. 

8. Standardisation 

Insufficient attention has as yet been given to standardisation of 
sampling and measurement techniques aimed at ensuring intercomparability of 
results and facilitating analysis of the situation. 

9. Decision-Aiding Systems 

Powerful computer systems operating in real-time will allow rapid 
prognoses to be obtained and the effects of possible countermeasures to be 
examined. However, some simple "rules of thumb" should continue to be borne 
in mind. 

10. Action Triggers 

In addition to radiological intervention or emergency reference levels, 
criteria relating to plant conditions may serve as triggers, especially as 
regards precautionary actions. 

11. Exercises 

Greater emphasis is being placed on trying to introduce realism into 
emergency exercise scenarios and this should be encouraged. However, atten
tion should be given in the future to exercises extending into the recovery or 
post-accident phase. 

12. Multinational Exercises 

More consideration should be given to bilateral and multinational 
exercises with clearly defined objectives and detailed preparation. 

13. Assistance 

Bilateral, regional and international agreements on assistance, 
concerning scarce and expensive equipment and personnel resources, for example 
for aerial surveys and whole body monitoring, should be further developed. 
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14. Implementation of Decisions 

Communication with the public is an important element in maintaining 
control and implementing countermeasures. Local radio stations can play an 
important role and indeed their use is already foreseen in many countries. 

15. Education 

Appropriate training of non-radiological personnel such as doctors, 
fire services, teachers and health officers for their potential roles in a 
nuclear emergency (although not within the scope of the workshop) merits 
closer attention. 

16. Emergency Planning Survey 

The state-of-the-art of emergency planning practices and criteria is 
evolving steadily. A further comprehensive NEA survey is recommended in about 
5 years time. 
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RESUME ET CONCLUSIONS 

Cette reunion de travail, qui a rassemble des specialistes en matiere 
de surete nucleaire, de radioprotection et de planification d'urgence, a 
offert un cadre utile aux debats sur la planification et !'intervention en cas 
d'urgence. Les debats ont ete axes sur les nouveautes, les modifications et 
les tendances relevees en particulier depuis !'accident de Tchernobyl en 1986. 

L'enquete de l'AEN sur les pratiques et criteres de planification 
d'urgence, qui a ete presentee a titre d'introduction, a servi a orienter les 
debats. Elle a montre que !'accident de Tchernobyl avait suscite un regain 
d'interet pour la planification et !'intervention en cas d'urgence au plan 
national aussi bien qu'international en raison des imperfections observees et 
des enseignements a en tirer. En faisant appraitre dans la pratique que les 
effets d'un accident nucleaire severe peuvent etre ressentis dans des regions 
situees bien au-dela des zones de planification d'urgence, !'accident de 
Tchernobyl a souligne !'importance de la coordination nationale, voire inter
nationale, des interventions en cas d'urgence. Nombreux sont done les efforts 
deployes en vue d'ameliorer la situation. Cette enquete a aussi montre que les 
orientations et recommandations internationales dans ce domaine doivent etre 
revisees, ce qui est egalement en train d'etre fait. Cette constatation a ete 
soulignee notamment par l'AIEA, qui a donne un aper9u de certaines des activi
tes qu'elle consacre actuellement a la planification d'urgence. Une tache par
ticulierement importante pour l'AIEA consiste a reviser ses guides actuels 
concernant !'application des niveaux d'intervention, ainsi que les criteres 
sur lesquels sont fondes les valeurs numeriques des niveaux d'intervention. 
D'autres activites en cours a l'AIEA sont examinees dans la communication 
presentee par cette Agence lors de la seance I. 

La seance II intitulee "Evolution recente des principes de la planifi
cation d'urgence" a porte sur les themes suivants : 

Bases techniques des plans d'urgence hors site ; 

Elaboration et application de criteres visant les mesures de 
protection ; 

Plans nationaux d'intervention en cas d'urgence. 

Il ressort clairement des communications presentees en liaison avec le 
premier theme que d'enormes ressources ont ete et continuent a etre consacrees 
aux mesures de surete nucleaire telles que la prevention des accidents severes 
et !'attenuation de leurs consequences, en d'autres termes les mesures dites 
de gestion des accidents. Cependant, les incidences sur les plans d'urgence et 
les dispositifs d'intervention hors site paraissent moins importantes qu'on 
aurait pu le supposer et aucune modification majeure des prescriptions liees 
aux interventions en cas d'urgence ne parait etre prevue dans les pays Membres 
representes a cette reunion. En revanche, on se rend compte que toutes les 
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mesures de gestion des accidents sur le site des centrales constituent une 
ligne de defense supplementaire pour la population et l'environnement concer
nes. Grace a la gestion des accidents sur le site, de meme qu'aux nouvelles 
connaissances relatives a la progression des accidents severes dans le temps, 
l'equipe de gestion des consequences hors site devrait disposer d'un delai 
supplementaire pour preparer et executer des contre-mesures en dehors du site. 
En outre, de nombreux experts ont souligne qu'il importe de conferer une sou
plesse generale aux dispositifs d'intervention en cas d'urgence et ont mis en 
garde contre la tendance ~ :~~oil: un lien etroit entre les valeurs du terme 
source et les plans d'urgence hors site. Bien que des rejets de vaste portee 
ne puissent etre totalement exclus, ils sont consideres comme extremement 
improbables. 

En ce qui concerne les criteres visant les mesures de protection, le 
mot cle a ete la souplesse. Il ne faudrait pas prendre trop de decisions a 
l'avance mais etre bien prepare a adopter des mesures qui tiennent compte des 
circonstances reelles prevalant dans une situation d'accident, notamment en ce 
qui concerne l'etablissement de valeurs numeriques pour les niveaux d'inter
vention. 

Il ressort de l'expose de plusieurs plans nationaux d'intervention en 
cas d'urgence que, meme si les urgences nucleaires paraissent etre prises en 
compte dans le systeme global de protection civile, la specificite des activi
tes nucleaires necessite une integration horizontale et verticale de l'indus
trie et de !'administration a differents niveaux. Les structures specifiques 
des organismes gouvernementaux des differents pays ont une incidence sur les 
plans d'urgence mais les hypotheses fondamentales sont essentiellement les 
memes. 

Aux termes des conclusions qui ont ete proposees en fin de compte : 

La planification d'urgence doit etre menee de fa9on realiste et 
simple ; 

Bien que certaines differences puissent etre inevitables lors de 
!'elaboration des criteres et des plans, il conviendrait de recher
cher dans toute la mesure du possible une harmonisation entre les 
pays ; 

Il ne devrait etre justifie de modifier les criteres fondamentaux 
visant la planification d'urgence que si ces derniers s'averent ne 
pas se preter aux fins pour lesquelles ils sont prevus ; la stabili
te devrait, autant que possible, etre maintenue. (Cette declaration 
est a considerer dans le contexte des revisions en cours des recom
mandations internationales.) 

Lors de la seance III, qui s'intitulait "Surveillance, contr6le et 
prises de decisions", les participants ont decrit les systemes actuels ou 
prevus de reseaux de contr6le et debattu des strategies permettant de les 
utiliser dans des situations d'urgence radiologique. En outre, plusieurs pays 
ont fait etat de leurs ressources dans le domaine des systemes mobiles avances 
utilises a des fins de leves a grande echelle de la radioactivite deposee et 
d'anthroporadiametrie de populations nombreuses en cas d'urgence radiologique. 
En France, par exemple, un systeme mobile avance d'anthroporadiametrie qui 
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existe depuis plusieurs annees permet, le cas echeant, de controler des mil
liers de personnes par jour du point de vue de la contamination interne. 
L'efficacite de la surveillance aerienne, lorsqu'il s'agit de localiser, de 
recenser et de caracteriser des rejets de radioactivite en suspension dans 
l'air, des pertes de sources radioactives et des deversements de substances 
radioactives, a ete demontree. C'est ainsi qu'aux Etats-Unis un tel systeme 
est en service depuis la fin des annees 50. Cependant, de plus petits pays 
pourraient avoir des difficultes a s'assurer les ressources necessaires pour 
proceder a cette surveillance de type avance. C'est pourquoi, le recours a des 
accords bilateraux ou a une assistance internationale devrait eventuellement 
permettre de se reserver ces possibilites. 

Au cours de !'accident de Tchernobyl, on a reconnu combien il est dif
ficile de comparer les resultats des mesures, notamment au niveau internatio
nal. Afin d'ameliorer la situation, il conviendrait de consacrer des efforts 
au domaine de la normalisation, notamment en ce qui concerne les techniques 
d'echantillonnage. Une communication neerlandaise a ce sujet a donne lieu a un 
debat assez anime sur la normalisation et !'harmonisation. 

Enfin, une communication de la CCE a expose les resultats d'un atelier 
organise recemment sur le theme "Aides a la decision pour la gestion des si
tuations d'urgence en dehors du site". Cet atelier a donne un aper9u de l'etat 
actuel des connaissances relatives a la conception de systemes informatises 
destines a etre utilises en temps reel en cas d'urgence nucleaire, domaine qui 
beneficie d'une attention accrue depuis !'accident de Tchernobyl. Cette commu
nication aboutit a la conclusion qu'il existe deja divers systemes operation
nels utiles et qu'il y a lieu de s'attendre a une nouvelle evolution. Cepen
dant, certains aspects meritent d'etre etudies plus a fond, notamment la 
"convivialite" de ces systemes. 

On a considere que les aspects suivants revetent une importance parti
culiere du point de vue technique, dans une situation d'urgence caracterisee 
par des rejets de substances radioactives : 

Detection precoce associee a une analyse gamma fiable et rapide des 
aerosols portant sur des nucleides particuliers ; 

Information fiable et rapide concernant les principales voies de 
contamination interne au cours des premieres phases d'un accident 

Surveillance a long terme et capacite analytique suffisamment 
poussee pour garantir une evaluation fiable du risque pour la 
population. 

La seance IV s'intitulait "Experience acquise en matiere de planifi
cation et d'intervention d'urgence dans le secteur non nucleaire". Il existe 
manifestement une occasion unique d'echanges mutuellement benefiques d'infor
mations sur les dispositifs d'intervention en cas d'urgence entre les specia
listes du domaine nucleaire et les personnes s'occupant des urgences d'origine 
autre que nucleaire. De multiples informations ont ete recueillies dans le 
domaine nucleaire ala suite d'importants travaux consacres a la planifica
tion, a !'analyse des plans et a !'execution de manoeuvres et d'exercices. A 
!'oppose, dans le secteur non nucleaire, il existe une vaste reserve de con
naissances tirees de !'experience d'innombrables situations d'urgence reelle. 
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Cette occasion est d'autant plus favorable que, par suite de la catastrophe de 
Bhopal notamment, le public s'inquiete davantage des urgences d'origine autre 
que nucleaire. Au cours de la seance IV, des rapports ont ete presentes sur 
plusieurs urgences de ce type, y compris "le miracle de Mississauga", l'incen
die du silo de stockage de phosphates a Nantes, l'incendie de l'entrepot de 
BPC au Quebec et plusieurs evenements survenus aux Etats-Unis. Il est mani
feste que certains travaux remarquables visant a maitriser les situations 
d'urgence sont en cours dans le secteur non nucleaire et que les preparatifs 
faits en vue d'urgences nucleaires s'averent valables dans des situations 
d'urgence autre que nucleaire. On a pris un excellent depart et il importe que 
les canaux de communication demeurent ouverts. 

Lors de la seance V intitulee "Conception des exercices d'urgence en 
cas d'accident nucleaire et experience acquise en la matiere", quatre pays ont 
presente des communications, auxquelles est venue s'ajouter une communication 
etablie conjointement par la Republique federale d'Allemagne et la Suisse au 
sujet d'un exercice bilateral. On s'est accorde a reconnaitre que ces exer
cices contribuent notablement a conferer de l'efficacite aux dispositifs d'in
tervention en cas d'urgence. Il subsiste toujours des imperfections et les 
points faibles paraissent tenir encore a la communication technique et a la 
coordination entre les responsables des centrales et les autorites competen
tes, de meme qu'entre ces dernieres. Les exercices permettent de reveler ces 
imperfections et de les surmonter. En outre, des organismes qui normalement 
n'ont pas de relations dans leur travail quotidien recevront ensemble une 
formation ; les relations personnelles et le sens pratique qui revetent une 
importance primordiale dans une situation d'accident seront egalement testes 
afin de deceler les carences eventuelles. La reussite d'un exercice depend 
dans une tres large mesure du choix du scenario. Il a ete souligne que l'on 
devrait chercher a rendre les exercices aussi realistes que possible et avoir 
notamment comme objectif general de sensibiliser tous les protagonistes a la 
gamme complete des problemes auxquels ils devront faire face dans une situa
tion reelle. Une evolution parait se dessiner en faveur de !'integration, dans 
les exercices, de la phase post-accidentelle ou de retablissement des condi
tions normales. Aux Etats-Unis par exemple, il est prevu d'organiser en 1991 
un important exercice d'intervention en cas d'urgence qui prendra en compte 
les aspects lies a la phase de retablissement des conditions normales ainsi 
qu'a la dimension internationale d'une urgence nucleaire. 

L'experience tiree d'exercices d'intervention associant deux pays a 
fait apparaitre des difficultes particulieres tenant notamment aux differences 
dans les modes d'organisation, les zones d'urgence, les phases d'alerte, etc. 
propres a chacun d'eux. Cependant, un responsable general des questions d'ur
gence dans chaque pays et l'echange d'agents de liaison faciliteraient les 
exercices en commun et confereraient plus d'efficacite aux dispositions en cas 
d'urgence. 

Enfin, parmi les participants a la reunion de travail, l'attitude a 
l'egard d'exercices communs, qu'ils soient bilateraux ou multilateraux, a dans 
!'ensemble ete positive. Cependant, d'aucuns ont egalement souligne que ces 
exercices doivent etre tres bien prepares pour etre couronnes de succes. Les 
domaines qui devraient retenir l'attention au cours de ces exercices sont la 
communication entre les pays, les systemes d'information du public ainsi que 
les criteres d'intervention. 
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La derniere seance de la reunion, qui s'intitulait "Conclusions et 
recommandations", a debute par la presentation de deux communications traitant 
des accords bilateraux et regionaux dans le domaine de la planification en cas 
d'urgence nucleaire. Le reste de la seance a ete consacre a !'elaboration de 
certains conclusions et recommandations specifiques qui sont exposees ci-apres. 

CONCLUSIONS ET RECOHMANDATIONS SPECIFIQUES 

1. Gestion des accidents 

Les mesures de gestion des accidents sur le site des centrales consti
tuent une ligne de defense supplementaire pour la protection du public et de 
l'environnement. L'aptitude des organismes d'intervention hors site a faire 
face a des situations d'accident s'est done amelioree. 

2. Nouvelles valeurs du terme source 

Des analyses plus detaillees semblent montrer que le terme source en 
cas d'accident, c'est-a-dire le rejet dans l'environnement, est propre a la 
centrale consideree. En outre, dans la plupart des scenarios, ces analyses ont 
fait apparaitre, en premier lieu, des delais plus longs avant le rejet et, en 
second lieu, des rejets plus faibles composes principalement de gaz rares, 
d'iode et de cesium. 

3. Souplesse 

On s'accorde largement a reconnaitre que les organismes d'intervention 
en cas d'urgence doivent etre dotes de souplesse pour faire face a differentes 
situations, l'eventualite de fortes valeurs du terme source n'etant pas tota
lement exclue. Il faut done fournir a ces organismes des ressources de nature 
a leur conferer cette souplesse ; en outre, ceux-ci devraient toujours pouvoir 
etre prets a improviser. 

4. Niveaux eleves d'organisation 

Une plus large participation des divers organismes ayant un role a jour 
a permis d'ameliorer les dispositions relatives a leur integration a des ni
veaux appropries d'organisation. 

5. Enseignements tires du secteur non nucleaire 

L'experience extremement utile qui a ete acquise en matiere de gestion 
des situations d'urgence dans des secteurs autres que nucleaire, devrait etre 
appliquee a la planification en cas d'urgence nucleaire. Cette experience 
semble suggerer, par exemple, que !'evacuation pendant de breves periodes 
entrainera peut-etre moins de perturbations qu'on ne le suppose en general. 
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6. Plans-cadres 

Deja certains centres nationaux de gestion des situations d'urgence 
charges de la planification et de !'intervention en cas d'urgence aussi bien 
nucleaire que non nucleaire ont ete mis en place et cette tendance parait se 
confirmer. 

7. Amelioration de la surveillance 

On adopte actuellement des outils plus puissants pour la detection et 
la mesure des niveaux de radioactivite dans l'environnement, tels que des 
reseaux s'etendant a !'ensemble d'un pays et des moyens d'execution de leves 
aeroportes, qui permettront d'apprehender de fa~on plus generale et plus 
fiable les situations d'urgence. ' 

8. Normalisation 

Jusqu'a present, on n'a pas prete suffisamment d'attention a la norma
lisation des techniques d'echantillonnage et de mesure visant a assurer la 
comparabilite des resultats et a faciliter !'analyse de la situation. 

9. Systemes d'aide a la decision 

De puissants systemes informatiques exploites en temps reel permettront 
d'obtenir rapidement des previsions et d'examiner les effets des contre-mesures 
possibles. Cependant, il ne faudrait pas perdre de vue certaines regles empi
riques simples. 

10. Elements declencheurs d'une action 

Outre les niveaux d'intervention radiologique ou de reference en cas 
d'urgence, les criteres relatifs a l'etat de la centrale peuvent servir d'ele
ments declencheurs, notamment en ce qui concerne les actions preventives. 

11. Exercices 

On s'attache davantage a essayer de conferer du realisme aux scenarios 
d'exercices d'intervention en cas d'urgence et cette tendance devrait etre 
favorisee. Cependant, il conviendrait de s'interesser a l'avenir a des exer
cices s'etendant a la phase post-accidentelle ou de retablissement des condi
tions normales. 

12. Exercices multinationaux 

Il y aurait lieu d'accorder plus d'attention aux exercices bilateraux 
et multilateraux ayant des objectifs clairemen~~definis et faisant !'objet 
d'une preparation minutieuse. -
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13. Assistance 

Il conviendrait de developper encore les accords bilateraux, reg1onaux 
et internationaux d'assistance en ce qui concerne les ressources rares et 
couteuses en equipements et en personnel, notamment pour les leves aeroportes 
et l'anthroporadiametrie. 

14. Mise en oeuvre des decisions 

La communication avec le public contribue de fa9on importante au main
tien d'un controle et a la mise en oeuvre de contre-mesures. Les stations lo
cales de radio peuvent jouer un role notable a cet egard et leur utilisation 
est en fait deja prevue dans de nombreux pays. 

15. Enseignement 

Il y a lieu d'etudier plus a fond la formation qu'il conviendrait de 
dispenser au personnel autre que radiologique, comme les medecins, les sapeurs
pompiers, les enseignants et les fonctionnaires de la sante publique, en pre
vision du role qu'ils pourraient jouer lors d'une urgence nucleaire (encore 
que cette question sorte du cadre de la presente reunion). 

16. Enquete sur la planification d'urgence 

L'etat des connaissances relatives aux pratiques et criteres de 
planification d'urgence ne cesse d'evoluer. Il est recommande que l'AEN 
procede a une nouvelle enquete exhaustive dans cinq ans environ. 
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